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Abstract 

Time words like ‘yesterday’ and ‘tomorrow’ are abstract, and are 
interpreted relative to the context in which they are produced: the 
word ‘tomorrow’ refers to a different point in time now than in 
24 hours. We tested 112 3- to 5-year-old Hindi-speaking children 
on their knowledge of ‘yesterday’ and ‘tomorrow’, which are 
represented by the same word in Hindi-Urdu: ‘kal’. We found that 
Hindi learners performed better than English learners when tested 
on actual past and future events, but that performance for 
hypothetical events was poor for both groups. Compatible with a 
“syntactic bootstrapping” account, we conclude that syntactic 
tense information – which is necessary for differentiating 
‘yesterday’ from ‘tomorrow’ in Hindi – may play a stronger role 
in learning these words than mapping of specific words to 
particular past and future events (“event mapping”). 
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Many common words in children’s early vocabularies 

(e.g., ‘cat’, ‘table’, ‘ball’, etc.) label concrete objects in their 

environment (Gillette et al., 1999). However, children are 

also exposed to abstract words, including time words like 

‘yesterday’ and ‘tomorrow’, which are among the most 

frequent words in children’s input (Busby-Grant & 

Suddendorf, 2011). Although children begin to produce 

‘yesterday’ and ‘tomorrow’ by around age 3, they rarely use 

them in an adult-like manner, with some studies estimating 

that only 7- or 8-year-olds show adult-like comprehension 

(Ames, 1946; Antinucci & Miller, 1976; Busby-Grant & 

Suddendorf, 2010; 2011; Eisenberg, 1985; Busby-Grant & 

Suddendorf, 2011; Nelson, 1998; Szagun, 1978; Tillman et 

al., 2017; Veneziano & Sinclair, 1995; Weist, 1989). Words 

like ‘yesterday’ and ‘tomorrow’ likely pose a problem 

because, unlike many labels for concrete things, they are 

deictic expressions, whose reference shifts from day to day 

(Fillmore, 1977). Consequently, to acquire their meanings, 

children not only need to know that ‘yesterday’ refers to 

events in the past, and ‘tomorrow’ to events in the future, but 

they must also learn that each word denotes a period of time 

exactly one day from the present – not just any time in the 

past or future. Thus, ‘yesterday’ and ‘tomorrow’ encode both 

tense information (reference to the past or future) and 

remoteness information (distance into the past or future).  

In the present study, we explored two alternative sources 

of information that children might use to acquire these words. 

According to an “event mapping” account of time word 

learning, children learn the meanings of ‘yesterday’ and 

‘tomorrow’ by mapping them onto the events they are used 

to describe (e.g., Friedman, 2003; Hinrichs, 1970; Johnson et 

al., 1988). On this account, children might hear their 

caregiver refer to a specific event and describe it using either 

the word ‘yesterday’ or ‘tomorrow’, and over many such 

iterations form the generalization that events described as 

‘yesterday’ tend to happen in the past, while events described 

as ‘tomorrow’ tend to occur in the future. For example, 

children might anticipate future events when their caregivers 

tell them, “We’re going to the zoo tomorrow,” or “Halloween 

is next month” (Friedman, 1990, 1993; Hudson, 2002, 2006; 

Nelson, 1998). They might similarly hear such references for 

past events, “I asked you to clean your room yesterday” or 

“Remember, we went to the mall last week?” On this view, 

children might also rely on memory traces to learn other 

temporal information conveyed by these words, such as 

temporal order and remoteness. For example, they might 

infer that a birthday party last week is further from the present 

day than dinner yesterday because it seems longer ago in 

memory (Friedman, 2003; Hinrichs, 1970; Hudson, 2002; 

2006; Nelson, 1998). Compatible with event mapping, 

children’s ability to accurately judge the relative recency of 

important life events (e.g., birthday vs Christmas) and 

identify events that happen at different points in the past (e.g., 

one day vs seven days ago) improves between 3 and 5 years 

of age (Busby-Grant et al., 2009; Friedman, 1991; Friedman 

& Kemp, 1998). Thus, children might use this information to 

make inferences about the meanings of deictic time words. 

According to a second hypothesis – which is not 

necessarily incompatible with the first – rather than focusing 

chiefly on relations between words and events, children 

might begin the acquisition of words like ‘yesterday’ and 

‘tomorrow’ by attending to relations between these words 

and other structures of language itself – an idea sometimes 

referred to as syntactic bootstrapping (e.g., Brown, 1957; 

Carey, 1978; Fisher et al., 2020; Gillete et al., 1999; 

Gleitman, 1990; Gleitman et al., 2005; Landau & Gleitman, 

1985; Naigles, 1990; 1996; Snedeker & Gleitman, 2004). For 

example, children might infer that because ‘yesterday’ is used 

in expressions that feature the past tense (e.g., “she sang 

yesterday”), it must describe events in the past. Although 

English tense markings and discourse structure do not 

provide direct information about temporal remoteness, 

learning the past/future status of deictic time words like 

‘yesterday’ and ‘tomorrow’ might help children constrain the 
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meanings of more complex phrases like ‘the day before 

yesterday’ and ‘the day after tomorrow’, and help them learn 

their relative temporal remoteness from the present (Williams 

et al., 2021). 

However, the developmental timeline of children’s 

acquisition of these words varies across studies. For example, 

Harner (1975) assessed 2- to 4-year-old children’s use of 

‘yesterday’ and ‘tomorrow’ in reference to past and future 

events, by testing them on two consecutive days. On the first 

day, children played with one set of toys, and on the second 

day, they were presented with two new sets, and were 

allowed to play with one of them. After this, they were asked 

to identify “yesterday’s toys” (toys from day one) and 

“tomorrow’s toys” (the set not previously used by the child). 

Harner found that 2-year-olds showed little comprehension 

of the deictic time words, 3-year-olds showcased better 

understanding, especially for ‘yesterday’, and by age 4, 

children understood both terms equally well. In contrast, 

more recent studies find that children only begin to 

comprehend the past/future status of ‘yesterday’ and 

‘tomorrow’ sometime between 4 and 6 years of age, roughly 

1-2 years after the timeline outlined by Harner (Tillman et al., 

2017; 2018). Further, even at these ages, children struggle to 

infer the temporal-causal relations between deictic time 

words (e.g., that events that occur yesterday might cause the 

events of today and tomorrow to change; Zhang & Hudson, 

2018), and that it takes them another 2-3 years to encode the 

remoteness information associated with each word (Tillman 

et al., 2017; Williams et al., 2021). Consequently, these 

studies suggest that children only fully comprehend the 

meanings of deictic time words by around 7 to 8 years of age. 

One reason that some find later learning may be that they 

require children to engage in other, arguably more 

sophisticated forms of reasoning, such as mapping temporal 

events to spatial timelines (e.g.,Tillman et al., 2017; 2018; 

Williams et al., 2021), or asking them to reason about 

hypothetical past and future states — e.g.,  ‘past’ events that 

did not actually occur on a previous day, or ‘future’ events 

that actually occurred in the past (e.g., Busby & Suddendorf, 

2005; Zhang & Hudson, 2018). For example, in one study by 

Zhang and Hudson (2018), children were asked to match a 

sentence describing a past action (e.g., “I carved the pumpkin 

yesterday”) or future action (e.g., “I will carve the pumpkin 

tomorrow”) to a picture depicting a present state (e.g., a 

whole or carved pumpkin) and found failure until age 5. 

Unlike in the study by Harner, where a child could map 

‘yesterday’ to an event they actually experienced the day 

before, in Zhang and Hudson, children did not experience any 

of the test events the previous day, but instead had to make a 

causal-temporal inference, that if a pumpkin was in a carved 

state then it must have been carved in the past, whereas if it 

had not been carved, then it must correspond to a future 

carving event.  Consequently, children’s difficulties on such 

a task could be driven, in part, by an inability to engage in 

more complex hypothetical reasoning skills that are also 

developing at these ages (Beck et al., 2006; Buchanan & 

Sobel, 2011; Gautam et al., 2019; Kuczaj & Daly, 1979; 

Nyhout et al., 2023; Weisberg & Gopnik, 2013).  

Independent of whether some tasks are more sensitive to 

children’s knowledge than others, previous studies leave 

open the relative importance of event mapping and syntactic 

bootstrapping in learning these words. Harner’s study 

leveraged children’s autobiographical experience of playing 

with toys on two separate days to probe their knowledge of 

‘yesterday’ and ‘tomorrow’, but she did not manipulate 

syntactic cues in her probe, and instead asked: “Show me a 

toy from yesterday” or “Show me a toy for tomorrow”. 

Consequently, the role of competing linguistic and perceptual 

cues in children’s judgments was never explicitly tested. 

Other studies (e.g., Tillman et al., 2017; Williams et al., 2021) 

reasoned that children learn the deictic status and temporal 

order of time words earlier in development because these 

aspects of time words are directly supported by the broader 

linguistic context (i.e., tense markings and discourse 

structure), whereas information about temporal remoteness is 

not similarly conveyed by these linguistic cues. However, the 

tasks they used did not explicitly test the role of these 

linguistic cues either, and consequently, could not tease apart 

the relative roles of event mapping and syntactic 

bootstrapping. Therefore, data from these studies are also 

compatible with the account that temporal language is 

mapped onto children’s perceptual or event-related 

experience (Hudson & Mayhew, 2011).  

Currently, there is little consensus about how children learn 

the deictic status of the time words they produce. To address 

this question, the present research investigated children’s 

early knowledge of the words for yesterday and tomorrow in 

two languages: English and Hindi. Hindi offers a unique 

window into children’s learning of time words, because 

unlike English it uses only one word, ‘kal’, to refer to both 

yesterday and tomorrow. Consequently, differentiating 

yesterday from tomorrow in Hindi relies necessarily on tense 

marking, since mapping the word ‘kal’ to events in the past 

and future would result in conflicting cues about its meaning. 

Also, while Hindi features morphological marking of both 

past and future tense, English only has tense marking of the 

past, and describes future events through alternative lexical 

and grammatical cues (Clark, 1973; Fillmore, 1977; Kush, 

2015; Van Olphen, 1975). These differences are theoretically 

interesting because if children rely mainly on event mapping 

to learn these words, then this may be easier in English, since 

different words can be associated with different events. 

However, if learning instead relies more on syntactic 

bootstrapping, then Hindi learners may learn these words as 

early or earlier than English learners, given their more robust 

tense marking system. Finally, although ‘yesterday’ and 

‘tomorrow’ are used with similar frequency in child-directed 

speech (MacWhinney, 2000; Sanchez et al., 2019), and 

children begin to produce ‘tomorrow’ earlier and more 

frequently than ‘yesterday’ (Ames, 1946; MacWhinney, 

2000; Pawlak et al., 2006; Sanchez et al., 2019), some studies 

suggest that children comprehend and accurately use 

‘yesterday’ prior to ‘tomorrow’, though evidence for this is 
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not consistent across studies (Clark, 1973; Busby-Grant & 

Suddendorf, 2010; Harner, 1975; Zhang & Hudson, 2018). 

On the event mapping hypothesis, children might understand 

‘yesterday’ earlier than ‘tomorrow’ because they have 

memory for past, but not future events, making it hard for 

them to reason about the future (Prabhakar & Hudson, 2014). 

On the syntactic bootstrapping hypothesis, this difference 

may be explained by the fact that English does not have an 

explicit future tense, but it has a clear past tense. Therefore, 

if children use only event mapping to learn the meaning of 

‘yesterday’ and ‘tomorrow’, then both English and Hindi 

learners should follow similar developmental trajectories. 

However, if children leverage syntactic cues to learn the 

meanings of these words, English learners may acquire 

‘yesterday’ earlier than ‘tomorrow’, while Hindi learners 

may not show similar differences in referencing the lexical 

item ‘kal’ for past and future events. 

In the present study, we tested these hypotheses by probing 

time word comprehension in 3- to 5-year-old Indian children 

who were learning either Hindi or English as their first 

language. In addition, to explore the role that real vs. 

hypothetical events might play in children’s temporal 

reasoning, we tested them using two different tasks: a “Two-

Day Real Events” task, modified from Harner’s (1975) 

paradigm, and a novel “One-Day Hypothetical Events” task, 

in which children made judgments about a hypothetical 

character’s toys relative to their present state. Crucially, all 

that differed between the events in the One-Day Hypothetical 

Events task and the Two-Day Real Events task was whether 

the events featured the remoteness and deictic status of 

yesterday and tomorrow, relative to the child’s own timeline. 

In the One-Day task, the events compatible with yesterday 

occurred on the child’s “today”, as did the events for 

tomorrow.  In this study, we compared performance across 

three language groups: (1) English no-tense, in which no 

tense markings were used to probe children’s responses, (2) 

English tense, which used tense markings, and (3) Hindi, 

which necessitates a probe akin to the English tense group. 

Method 

Participants 

Participants were 112 native Hindi- and English-speaking 

children between 3 and 5 years of age. Children in both 

language groups were recruited from schools in Delhi, India. 

Children in the region typically learn two or three languages, 

including English, Hindi, and regional languages spoken by 

their parents (Mohanty, 2010). Native proficiency was 

determined through parental report and medium of 

instruction at the school. The sample consisted of 50 native 

Hindi learners, and 62 native English learners, who were 

randomly assigned to one of two English language groups: 

tense (n = 32) or no-tense (n = 30). Twenty-one 3-year-olds, 

45 4-year-olds, and 45 5-year-olds were included in the study. 

Materials and Procedure 

Two-Day Real Events Task. Adapted from Harner (1975), 

this task 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 

‘yesterday’ 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 its 

contents saying, “These are the toys for today!”. Children 

played with toys of one color (e.g., red toys) on the first day. 

On the second day, the experimenter 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. 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., a toy with which they had not yet played). 

Test questions differed across the Hindi and two English 

language groups: “Show me the toys from yesterday / for 

tomorrow” (English no-tense) and “Show me the toys you 

played with yesterday / you will play with tomorrow” 

(English tense). In Hindi, the questions resembled the 

English tense group: “मुझे वे खिलौने दििाओ दिनसे तुम कल  

िेले थे” (1) and “मुझे वे खिलौने दििाओ दिनसे तुम कल िेलोगे” 
(2), which refer to the past and future respectively. 
 

(1) …   दिनसे      तुम      कल            िेले थे 

…   jinse        tum     kal               khele the 

…   which      you     yesterday    play.PST.2SG 

[Show me the toys] you played with yesterday. 

 

(2) …     दिनसे     तुम      कल             िेलोगे 

…     jinse       tum     kal               kheloge 

…     which     you     tomorrow   play.FUT.2SG 

[Show me the toys] you will play with tomorrow. 

 

Questions were divided across six trials with each toy (i.e., 

ball, block, car) presented twice. Children were asked to 

identify the toy associated with ‘yesterday’ on half the trials 

and the toy associated with ‘tomorrow’ on the other half. 

Children always saw red toys on Day 1 (yesterday’s toys), 

yellow toys on Day 2 ( today’s toys), and blue toys were 

reserved for Day 3 and presented only at test (tomorrow’s 

toys). 

 

One-Day Hypothetical Events Task. This task was used to 

test children’s reasoning about yesterday and tomorrow for 

hypothetical events. On the second day, children were told a 
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story about a character playing with different sets of toys. 

They were then asked to identify the toy associated with 

‘yesterday’ and with ‘tomorrow’ (see Figure 1). 

   

(1) “This is my 

friend Joey. Joey 

likes to play with 

a different toy 

every day” 

(2) “One 

morning, he 

wakes up… 

(3) “…and plays 

with this toy all 

day” 

   

(4) “Then he 

goes to sleep at 

night” 

(5) “The next 

morning, he 

wakes up…” 

(6) “…and plays 

with this toy all 

day” 

 

Test: “Show me the toy for tomorrow (no tense) / he will 

play with tomorrow (tense)” 

Figure 1. Story used in the One-Day Hypothetical Events 

Task. Events were presented sequentially from (1) to (6). 

Results 

To test whether children’s early meanings of deictic time 

words differed across linguistic groups (English tense, 

English no-tense, or Hindi), we first constructed a base 

generalized linear mixed model, with age and language group 

as fixed factors, and participant as a random factor with 

Performance on Two-Day Real Events as the dependent 

variable (see Figure 2). Age was a significant predictor of 

performance (β = 0.45, SE = 0.11, t(107) = 3.85, p <0.001). 

Children in the Hindi group performed significantly better 

than children in the English no-tense group (β = 0.58, SE = 

0.21, t(107) = 2.75, p = 0.006) and English tense group (β = 

051, SE = 0.20, t(107) = 2.46, p = .04). These data suggest 

that Hindi children were not delayed in learning ‘kal’, and 

even outperformed their English-speaking peers, compatible 

with a strong role for syntactic bootstrapping early in 

learning. However, we also found no significant difference in 

performance between the English tense and no-tense groups 

(β = 0.07, SE = 0.22, t(107) = .31, n.s.), suggesting that 

although children used tense information early in learning, 

the explicit presence of tense information during the task was 

not necessarily critical to performance for English-speaking 

children (though see post hoc analyses below for evidence it 

might still play some small role). To assess differences in 

children’s acquisition of ‘yesterday’ and ‘tomorrow’ we 

added a term for lexical item (yesterday / tomorrow) to our 

base model, and found a significant effect of item (χ²(1) = 

4.35, p < 0.03). Children understood reference to yesterday 

better compared to reference to tomorrow (β = .12, SE = 0.06, 

t(554) = 2.08, p = .03).  

We also constructed a three-way interaction model 

(Performance ~ Age (binned) * Language group (English no-

tense / English tense / Hindi) and Item (yesterday / tomorrow) 

+ (1|PID)). Overall, 5-year-olds performed significantly 

better than 3-year-olds (β = 1.04, SE = 0.36, t(125.99) = 2.85., 

p = .005) and 4-year-olds (β = .48, SE = 0.19, t(102) = 2.47., 

p = .04), but there was no significant difference between 3- 

and 4-year-olds (β = 0.56, SE = 0.34, t(125.99) = 1.64, n.s.). 

Follow-up pairwise comparisons revealed that 4-year-olds in 

the English tense group performed significantly better on 

yesterday compared to tomorrow trials (β = .90, SE = 0.18, 

t(546) = 4.89, p = .0002), while no such differences were 

found among the 3- and 5-year-olds in the English tense 

groups. Moreover, no significant differences in item-based 

performance were found among children in the English no-

tense and Hindi groups at any age. These results are 

consistent with the idea that English-speaking children used 

past tense marking during the task to facilitate 

comprehension of ‘yesterday’, but that they did not show 

similar benefits for ‘tomorrow’. 

 

Figure 2. Children’s Performance on the Two-Day Real 

Events Task across language groups. 

 

We next assessed children’s use of deictic time words to 

reason about hypothetical, non-autobiographical events in the 

One-Day Hypothetical Events task. To do so, we constructed 

a base generalized linear mixed model with age and language 

group as fixed factors, and participant as a random factor, 

with Performance on One-Day Hypothetical Events as the 

dependent variable. There was a significant effect of age (β = 

0.22, SE = 0.09, t(107) = 2.50, p = 0.013). However, there 
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were no significant differences between the three language 

groups, perhaps because the task was not as sensitive to 

children’s early knowledge, as reported below. Similar to the 

Two-Day Real Events task, we added a term for Item to the 

base model, which significantly improved model fit (χ²(1) = 

6.12, p < 0.01) See Figure 3. 

 

Figure 3: Children’s Performance on the One-Day 

Hypothetical Events Task across Language Groups 

 

As with the Two-Day task, we constructed an exploratory 

interaction model with the following formula: Performance 

on One-Day Hypothetical Events ~ Age  * Language Group 

* Item + (1|PID). Four-year-olds in the English tense group 

understood yesterday significantly better than tomorrow (β = 

0.90, SE = 0.19, t(546) = 4.55, p =.001), whereas no such 

difference was observed among the 3- and 5-year-olds in the 

English tense group. Similarly, 4-year-olds, but not 3- and 5-

year-olds in the Hindi group, appeared to understand 

reference to yesterday better than reference to tomorrow (β = 

0.80, SE = 0.14, t(546) = 5.61, p < .0001). In contrast to the 

Two-Day task, which found some success by age 4, the 

results of the One-Day task suggest that children begin to 

comprehend the use of deictic time words to refer to 

hypothetical events sometime between 4 and 5 years of age. 

In a final set of analyses, we compared children’s 

performance across the One-Day and Two-Day tasks by 

constructing models with age, language group, item, and task 

as fixed factors and participant as a random factor, with 

overall performance across both tasks as the dependent 

variable. A model with Age x Task x Item x Language Group 

interaction best fit the data (χ²(11) = 27.37, p = 0.004). 

Children demonstrated significantly better performance 

overall on the Two-Day task compared to the One-Day task 

(β = 2.53, SE = 0.91, t(1203) = 2.78, p= .005). There was also 

a significant Age x Task interaction (β = 0.58, SE = 0.20, 

t(1203) = 2.85, p= .004), suggesting that as children get older, 

their performance on the Two-Day task showed a greater 

increase, compared to the One-Day task. Follow-up pairwise 

comparisons found that across languages, 5-year-olds 

performed better on the Two-Day task relative to the One-

Day task (β = 0.43, SE = 0.07, t(1194) = 5.73, p < .0001). In 

addition, 4-year-old Hindi speakers also performed 

significantly better on the Two-Day task (β = 0.59, SE = 0.11, 

t(1194) = 5.31, p < .0001), though no significant differences 

in performance on the two tasks were found among 3-year-

old Hindi speakers (β = 0.30, SE = 0.14, t(1194) = 2.16, n.s.). 

In contrast to Hindi speakers, there was no significant 

difference in 4-year-olds’ performance on the two tasks 

within the English tense group (β = 0.09, SE = 0.15, t(1194) 

= 0.58, n.s.), nor within the English no-tense group (β = 0.30, 

SE = 0.14, t(1194) = 2.16, n.s.). These results suggest that the 

differences between these tasks may become more 

pronounced as children begin to acquire the meanings of 

these deictic time words, and are compatible with the idea 

that the Two-Day autobiographical measure being more 

sensitive to children’s early knowledge. 

Discussion 

The present research examined how 3- to 5-year-old 

children learn the meanings of  ‘yesterday’ and ‘tomorrow’ 

by testing Hindi and English learners in India. Children were 

tested on their knowledge of time words on autobiographical 

events and hypothetical events. We found that children’s 

performance improved with age across groups, but that Hindi 

learners exhibited an earlier comprehension of ‘yesterday’ 

and ‘tomorrow’ relative to their English counterparts, when 

the events in question were autobiographical. This was 

despite the fact that Hindi learners used only one word to 

refer to both ‘yesterday’ and ‘tomorrow’, suggesting that 

children can use tense information alone to differentiate these 

words. By contrast we found no differences between the 

different language groups when the events were hypothetical, 

and children performed worse overall.  

These results have potentially important consequences for 

understanding the sources of information that children use to 

acquire abstract words like ‘yesterday’ and ‘tomorrow’. 

Previous studies have proposed two sources of information 

that children might use to acquire such words. According to 

the event mapping hypothesis, children might learn the 

meanings of time words by mapping them onto different 

events, such as through memory for past events (e.g., 

Friedman, 2000; 2003) or conversations about future events 

(e.g., Hudson 2002; Zhang & Hudson, 2018). In contrast, 

according to syntactic bootstrapping, children might begin 

the acquisition of these words by leveraging the linguistic 

context in which they are embedded (e.g., Gillete et al., 1999; 

Gleitman, 1990; Tillman et al., 2017; Williams et al., 2021).  

We reasoned that if children begin the acquisition of deictic 

time words like ‘yesterday’ and ‘tomorrow’ solely by 

mapping them to events, then we should expect a delayed 

developmental trajectory for acquiring word meanings in the 

Hindi group, relative to the two English groups. In Hindi, 

because the same word ‘kal’ is used for both yesterday and 

tomorrow, event mapping would predict the creation of 

conflicting associations between the word in both past and 

future events. An event mapping view would predict that 

children in the English groups should acquire these words 

earlier than children learning Hindi. By contrast, if children 

rely more on syntactic cues like tense marking than on event 
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mapping, then Hindi learners might perform as well or 

possibly even better than English learners, since for ‘kal’, 

these cues are necessary to disambiguate between reference 

to past and future events. We found that children in the Hindi 

group succeeded on the Two-Day Real Events task earlier 

than their English-speaking counterparts, in support of the 

latter hypothesis. 

 We also explored differences in children’s understanding 

of references to ‘yesterday’ and ‘tomorrow’. On the event 

mapping account, children might comprehend reference to 

‘yesterday’ before ‘tomorrow’ because they depend on 

access to memory traces of past events, but lack such access 

to future events. Therefore, differences in acquiring the 

meaning of yesterday relative to tomorrow would be 

predicted across all language groups, since children would 

similarly rely on memory traces for past, but not future 

events. On the syntactic bootstrapping account, if children 

bootstrap the meanings of these lexical items from tense 

markings, then acquiring the meaning of ‘tomorrow’ should 

be harder in English relative to ‘yesterday’, which does not 

have a clear future tense, but there should be no differences 

in performance in Hindi, because Hindi features a robust 

marking of both past and future tense. Our data suggest that 

children in the English tense group performed better on 

‘yesterday’ trials than on ‘tomorrow’ trials, but that no such 

differences were found in the English no-tense group, once 

again lending support to the hypothesis that children use 

syntactic cues to infer the meanings of deictic time words. 

Finally, data from our study reveal differences in children’s 

performance between the Two-Day Real Events, and One-

Day Hypothetical Events tasks: 5-year-olds but not 3- and 4-

year-olds performed better on the Two-Day task overall. 

Four-year-old Hindi speakers also performed better on the 

Two-Day task compared to the One-Day task, though 

English-speaking children did not show similar differences at 

this age. While the lack of difference between tasks among 

younger English speakers could reflect their still-developing 

comprehension of time words, results in 5-year-olds suggest 

that the Two-Day Real Events task may be more sensitive to 

their knowledge. This result is potentially important, because 

previous studies that test time concepts largely rely on tasks 

that describe hypothetical events on imaginary timelines, 

rather than events that actually occurred. Consequently, it is 

possible that children’s failures on these tasks reflect an 

inability to reason about hypothetical events as much as they 

indicate a failure to comprehend temporal concepts. In 

particular, such tasks may rely on complex conditional 

inference (Markovits et al., 2016), counterfactual reasoning 

(McCormack et al., 2018; Rafetseder et al., 2013), or 

reasoning about possibilities (Turan-Küçük & Kibbe, 2024) 

Although we find early comprehension of ‘kal’ in Hindi-

speaking children – compatible with the use of syntactic 

bootstrapping – it is important to note that event mapping 

may still have played a role in English-speaking children, and 

might also play a role later in acquisition for children learning 

Hindi. First, it remains possible that English-speaking 

children used this strategy. Under such a scenario, however, 

we might expect that English-speaking children would 

outperform Hindi-speaking children, by drawing on two 

compatible sources of information – event mapping and 

syntax – rather than tense alone. Because we did not find such 

an advantage, our data suggest that if event mapping was used 

by English-speaking children, it played only a weak role. 

Second, event mapping may also be critical for learning 

remoteness information. Although grammatical tense 

communicates whether events occurred in the past or future, 

it cannot alone communicate that ‘yesterday’ refers to the day 

before it is uttered, but not earlier (Williams et al., 2021). 

Previous studies suggest that children often use ‘yesterday’ 

to refer to events in the distant past Busby & Suddendorf, 

2005; Friedman, 1990, Nelson, 1998, Tillman et al., 2017; 

Weist, 1989). Given this, it’s possible that children must use 

some form of event mapping to associate words like 

‘yesterday’ and ‘tomorrow’ with distances of one day from 

today. However, our data suggest that syntactic cues must 

play an important role in word learning, especially when 

other cues may not be readily available to the child learner, 

for example, when the events of tomorrow are hypothetical 

and do not have memory traces (Friedman, 2003; Hudson & 

Mayhew, 2011). 

Because the data reported in this study were collected in 

India, it remains possible that the developmental trajectory 

we report here is unique to this context. Although details of 

her study are hard to glean, it appears that children in 

Harner’s (1975) study understood ‘yesterday’ and 

‘tomorrow’ earlier in development relative to English 

speakers in this study. This could be due to differences in 

SES, formal training, and parent interactions, which might in 

turn be related to differences in vocabulary learning, training 

with formal temporal symbols, and amount of exposure to 

English in children’s day-to-day environment. However, our 

within-culture approach to comparing English and Hindi 

learners allows a relatively powerful assessment of the role 

that linguistic cues play in learning, since many of the cultural 

differences that exist between cultures like India and the US 

are reduced or eliminated in our design. 

In summary, we found evidence that Hindi learners 

acquired meanings of the deictic time words ‘yesterday’ and 

‘tomorrow’ earlier, when asked about autobiographical 

events, relative to English learners in India, in support of the 

hypothesis that children rely chiefly on syntactic cues in 

language to bootstrap the meanings of time words like 

‘yesterday’ and ‘tomorrow’. We also found evidence in favor 

of the hypothesis that tasks designed to test children’s 

autobiographical experience of time might be a more 

sensitive measure of children’s knowledge of specific time 

words. By testing children on consecutive days, and across 

two languages in a non-western culture, this project also 

addresses some limitations in literature. Future research on 

children’s temporal cognition should devise new methods for 

testing children’s conceptual knowledge of the past and 

future. 

47



 

Acknowledgements 

We thank Ram Chand, Nidhi Bhasin. Anubhuti Vishnoi, 

Madhavi Diwan, Roy Thomas, Ravi Kaul, Renu Chopra, and 

Prerit Rana for their time and assistance with participant 

recruitment and data collection in India. Thanks to Ebru 

Evçen and Khuyen Le for helpful suggestions on this 

submission. Finally, we thank the children, parents, and 

schools who participated in this research. 

References 

Ames, L. B. (1946). The Development of the Sense of Time 

in the Young Child. The Pedagogical Seminary and 

Journal of Genetic Psychology, 68(1), 97–125. 

https://doi.org/10.1080/08856559.1946.10533358 

Antinucci, F., & Miller, R. (1976). How children talk about 

what happened. Journal of Child Language, 3(2), 167–

189. https://doi.org/10.1017/S0305000900001434 

Bates D, Mächler M, Bolker B, Walker S (2015). “Fitting 

Linear Mixed-Effects Models Using lme4.” Journal of 

Statistical Software, 67(1), 1–48. 

doi:10.18637/jss.v067.i01  

Beck, S. R., Robinson, E. J., Carroll, D. J., & Apperly, I. A. 

(2006). Children's thinking about counterfactuals and 

future hypotheticals as possibilities. Child development, 

77(2), 413-426.  https://doi.org/10.1111/j.1467-

8624.2006.00879.x 

Brown, R. W. (1957). Linguistic determinism and the part of 

speech. The Journal of Abnormal and Social 

Psychology, 55(1), 1–5. 

https://doi.org/10.1037/h0041199 

Buchanan, D. W., & Sobel, D. M. (2011). Mechanism‐based 

causal reasoning in young children. Child development, 

82(6), 2053-2066. https://doi.org/10.1111/j.1467-

8624.2011.01646.x 

Busby, J., & Suddendorf, T. (2005). Recalling yesterday and 

predicting tomorrow. Cognitive Development, 20(3), 

362–372. https://doi.org/10.1016/j.cogdev.2005.05.002 

Busby-Grant, J. B., & Suddendorf, T. (2011). Production of 

temporal terms by 3-, 4-, and 5-year-old children. Early 

Childhood Research Quarterly, 26(1), 87–95. 

https://doi.org/10.1016/j.ecresq.2010.05.002 

Busby-Grant, J., & Suddendorf, T. (2010). Young children’s 

ability to distinguish past and future changes in physical 

and mental states. British Journal of Developmental 

Psychology, 28(4), 853–870. 

https://doi.org/10.1348/026151009X482930 

Busby-Grant, J., & Suddendorf, T. (2009). Preschoolers 

begin to differentiate the times of events from throughout 

the lifespan. European Journal of Developmental 

Psychology, 6(6), 746-762. 

https://doi.org/10.1080/17405620802102947 

Carey, S. (1978). The child as word learner. Linguistic theory 

and psychological reality. 

Clark, H. H. (1973). SPACE, TIME, SEMANTICS, AND 

THE CHILD. In T. E. Moore (Ed.), Cognitive 

Development and Acquisition of Language (pp. 27–63). 

Academic Press. https://doi.org/10.1016/B978-0-12-

505850-6.50008-6 

Eisenberg, A. R. (1985). Learning to describe 

past experiences in conversation∗. 

Discourse Processes, 8(2), 177–204. 

https://doi.org/10.1080/0163853850954461

3 

Fillmore, C. J. (1997) Lectures on Deixis . CSLI Publications. 

Fisher, C., Jin, K., & Scott, R. M. (2020). The Developmental 

Origins of Syntactic Bootstrapping. Topics in Cognitive 

Science, 12(1), 48–77. 

https://doi.org/10.1111/tops.12447 

Friedman, W. J. (2003). The development of a differentiated 

sense of the past and the future. Advances in child 

development and behavior, 31(C), 229-269. 

Friedman, W. J. (2000). The development of children's 

knowledge of the times of future events. Child 

development, 71(4), 913-932. 

https://doi.org/10.1111/1467-8624.00199 

Friedman, W. J. (1993). Memory for the time of past events. 

Psychological Bulletin, 113(1), 44–66. 

https://doi.org/10.1037/0033-2909.113.1.44 

Friedman, W. J. (1991). The development of children's 

memory for the time of past events. Child development, 

62(1), 139-155. https://doi.org/10.1111/j.1467-

8624.1991.tb01520.x  

Friedman, W. J. (1990). About time: Inventing the fourth 

dimension. The MIT press. 

Friedman, W. J., & Kemp, S. (1998). The effects of elapsed 

time and retrieval on young children's judgments of the 

temporal distances of past events. Cognitive 

Development, 13(3), 335-367. 

https://doi.org/10.1016/S0885-2014(98)90015-6 

Gautam, S., Suddendorf, T., Henry, J. D., & Redshaw, J. 

(2019). A taxonomy of mental time travel and 

counterfactual thought: Insights from cognitive 

development. Behavioural Brain Research, 374, 112108. 

https://doi.org/10.1016/j.bbr.2019.112108  

Gillette, J., Gleitman, H., Gleitman, L., & Lederer, A. (1999). 

Human simulations of vocabulary learning. Cognition, 

73(2), 135–176. https://doi.org/10.1016/S0010-

0277(99)00036-0 

Gleitman, L. R., Cassidy, K., Nappa, R., Papafragou, A., & 

Trueswell, J. C. (2005). Hard words. Language learning 

and development, 1(1), 23-64. 

https://doi.org/10.1207/s15473341lld0101_4  

Gleitman, L. (1990). The Structural Sources of Verb 

Meanings. Language Acquisition, 1(1), 3–55. 

https://doi.org/10.1207/s15327817la0101_2 

Hall, D. G., & Waxman, S. R. (2004). Weaving a Lexicon. 

MIT Press. 

Harner, L. (1982). Immediacy and certainty: Factors in 

understanding future reference. Journal of Child 

Language, 9(1), 115-124. 

https://doi.org/10.1017/s0305000900003652  

48



 

Harner, L. (1981). Children Talk about the Time and Aspect 

of Actions. Child Development, 52(2), 498–506. 

https://doi.org/10.2307/1129167 

Harner, L. (1980). Comprehension of past and future 

reference revisited. Journal of Experimental Child 

Psychology, 29(1), 170-182. 

https://doi.org/10.1016/0022-0965(80)90099-5  

Harner, L. (1976). Children's understanding of linguistic 

reference to past and future. Journal of psycholinguistic 

research, 5, 65-84. https://doi.org/10.1007/BF01067949  

Harner, L. (1975). Yesterday and tomorrow: Development of 

early understanding of the terms. Developmental 

Psychology, 11(6), 864–865. 

https://doi.org/10.1037/0012-1649.11.6.864 

Hinrichs, J. V. (1970). A two-process memory-strength 

theory for judgment of recency. Psychological Review, 

77(3), 223–233. https://doi.org/10.1037/h0029101 

Hoerl, C., & McCormack, T. (2019). Thinking in and about 

time: A dual systems perspective on temporal cognition. 

Behavioral and Brain Sciences, 42, e244. 

https://doi.org/10.1017/S0140525X18002157 

Hudson, J. A. (2002). “Do You Know What We’re Going to 

Do This Summer?”: Mothers’ Talk to Preschool 

Children About Future Events. Journal of Cognition and 

Development, 3(1), 49–71. 

https://doi.org/10.1207/S15327647JCD0301_4  

Hudson, J. A. (2006). The Development of Future Time 

Concepts Through Mother-Child Conversation. Merrill-

Palmer Quarterly, 52(1), 70–95. 

Hudson, J. A., & Mayhew, E. M. Y. (2011). Children’s 

temporal judgments for autobiographical past and future 

events. Cognitive Development, 26(4), 331–342. 

https://doi.org/10.1016/j.cogdev.2011.09.005 

Johnson, M. K., Foley, M. A., Suengas, A. G., Link to 

external site, this link will open in a new tab, & Raye, C. 

L. (1988). Phenomenal characteristics of memories for 

perceived and imagined autobiographical events. Journal 

of Experimental Psychology: General, 117(4), 371–376. 

https://doi.org/10.1037/0096-3445.117.4.371 

Kuczaj, S. A., & Daly, M. J. (1979). The development of 

hypothetical reference in the speech of young children. 

Journal of Child Language, 6(3), 563-579. 

https://doi.org/10.1017/S0305000900002543 

Kush, D. (2015). Future Reference and Epistemic Modality 

in Hindi: The gaa particle. Journal of South Asian 

Linguistics, 7. https://ojs.ub.uni-

konstanz.de/jsal/index.php/jsal/article/view/57 

Kuznetsova A, Brockhoff PB, Christensen RHB (2017). 

“lmerTest Package: Tests in Linear Mixed Effects 

Models.” Journal of Statistical Software, 82(13), 1–26. 

doi:10.18637/jss.v082.i13. 

Landau, B., Gleitman, L. R., & Landau, B. (2009). Language 

and Experience: Evidence from the Blind Child. Harvard 

University Press. 

Leahy, B. (2023). Don’t you see the possibilities? Young 

preschoolers may lack possibility concepts. 

Developmental Science, 26(6), e13400. 

https://doi.org/10.1111/desc.13400 

MacWhinney, B. (2000). The CHILDES project: Tools for 

analyzing talk: Volume I: Transcription format and 

programs, volume II: The database. 

Markovits, H., Brisson, J., & de Chantal, P.-L. (2016). How 

do pre-adolescent children interpret conditionals? 

Psychonomic Bulletin & Review, 23(6), 1907–1912. 

https://doi.org/10.3758/s13423-016-1050-5 

McCormack, T., Ho, M., Gribben, C., O’Connor, E., & 

Hoerl, C. (2018). The development of counterfactual 

reasoning about doubly-determined events. Cognitive 

Development, 45, 1–9. 

https://doi.org/10.1016/j.cogdev.2017.10.001 

Mohanty, A. (2010). Languages, inequality and 

marginalization: implications of the double divide in 

Indian multilingualism. International Journal of the 

Sociology of Language, 2010(205), 131-154. 

https://doi.org/10.1515/ijsl.2010.042 

Naigles, L. (1990). Children use syntax to learn verb 

meanings. Journal of Child Language, 17(2), 357–374. 

https://doi.org/10.1017/S0305000900013817 

Naigles, L. R. (1996). The use of multiple frames in verb 

learning via syntactic bootstrapping. Cognition, 58(2), 

221–251. https://doi.org/10.1016/0010-0277(95)00681-

8 

Nelson, K. (1998). Language in Cognitive Development: The 

Emergence of the Mediated Mind. Cambridge 

University Press. 

Nyhout, A., & Ganea, P. A. (2019). The development of the 

counterfactual imagination. Child Development 

Perspectives, 13(4), 254-259. 

https://doi.org/10.1111/cdep.12348 

Nyhout, A., Sweatman, H., & Ganea, P. A. (2023). Children's 

hypothetical reasoning about complex and dynamic 

systems. Child Development, 94(5), 1340-1355. 

https://doi.org/10.1111/cdev.13931 

Pawlak, A., Oehlrich, J. S., & Weist, R. M. (2006). Reference 

time in child English and Polish. First Language, 26(3), 

281-297. https://doi.org/10.1177/0142723706059447 

Prabhakar, J., & Hudson, J. A. (2014). The development of 

future thinking: Young children’s ability to construct 

event sequences to achieve future goals. Journal of 

Experimental Child Psychology, 127, 95–109. 

https://doi.org/10.1016/j.jecp.2014.02.004 

Rafetseder, E., Schwitalla, M., & Perner, J. (2013). 

Counterfactual reasoning: From childhood to adulthood. 

Journal of Experimental Child Psychology, 114(3), 389–

404. https://doi.org/10.1016/j.jecp.2012.10.010 

Redshaw, J. (2014). Does metarepresentation make human 

mental time travel unique? WIREs Cognitive Science, 

5(5), 519–531. https://doi.org/10.1002/wcs.1308 

Sanchez, A., Meylan, S.C., Braginsky, M. et al. childes-db: 

A flexible and reproducible interface to the child 

language data exchange system. Behav Res 51, 1928–

1941 (2019). https://doi.org/10.3758/s13428-018-1176-

7 

49



 

Snedeker, J., & Gleitman, L. R. (2004). Why it is hard to label 

our concepts. 

https://doi.org/10.7551/mitpress/7185.003.0012  

Suddendorf, T. (2010). Linking yesterday and tomorrow: 

Preschoolers’ ability to report temporally displaced 

events. British Journal of Developmental Psychology, 

28(2), 491–498. 

https://doi.org/10.1348/026151009X479169 

Szagun, G. (1978). On the Frequency of Use of Tenses in 

English and German Children’s Spontaneous Speech. 

Child Development, 49(3), 898–901. 

https://doi.org/10.2307/1128267 

Tillman, K. A., Marghetis, T., Barner, D., & Srinivasan, M. 

(2017). Today is tomorrow’s yesterday: Children’s 

acquisition of deictic time words. Cognitive Psychology, 

92, 87–100. 

https://doi.org/10.1016/j.cogpsych.2016.10.003 

Tillman, K. A., Tulagan, N., Fukuda, E., & Barner, D. (2018). 

The mental timeline is gradually constructed in 

childhood. Developmental science, 21(6), e12679. 

https://doi.org/10.1111/desc.12679 

Turan-Küçük, E. N., & Kibbe, M. M. (2024). Three-year-

olds’ ability to plan for mutually exclusive future 

possibilities is limited primarily by their representations 

of possible plans, not possible events. Cognition, 244, 

105712. 

https://doi.org/10.1016/j.cognition.2023.105712 

Van Olphen, H. (1975). Aspect, tense, and mood in the Hindi 

verb. Indo-Iranian Journal, 16(4), 284-301. 

https://doi.org/10.1163/000000075791615397 

Veneziano, E., & Sinclair, H. (1995). Functional changes in 

early child language: The appearance of references to the 

past and of explanations. Journal of Child Language, 

22(3), 557–581. 

https://doi.org/10.1017/S0305000900009958 

Weist, R. M. (1989). Chapter 2 Time Concepts in Language 

and Thought: Filling the Piagetian Void from Two to 

Five Years. In I. Levin & D. Zakay (Eds.), Advances in 

Psychology (Vol. 59, pp. 63–118). North-Holland. 

https://doi.org/10.1016/S0166-4115(08)61039-0 

Weist, R. M., Wysocka, H., & Lyytinen, P. (1991). A cross-

linguistic perspective on the development of temporal 

systems. Journal of Child Language, 18(1), 67–92. 

https://doi.org/10.1017/S0305000900013301 

Weisberg, D. S., & Gopnik, A. (2013). Pretense, 

counterfactuals, and Bayesian causal models: Why what 

is not real really matters. Cognitive science, 37(7), 1368-

1381.  https://doi.org/10.1111/cogs.12069 

Williams, K., Bánki, A., Markova, G., Hoehl, S., & Tillman, 

K. A. (2021). A crosslinguistic study of the acquisition 

of time words in English- and German-speaking 

children. Proceedings of the Annual Meeting of the 

Cognitive Science Society, 43(43). 

https://escholarship.org/uc/item/811695c8 

Zhang, M., & Hudson, J. A. (2018). The Development of 

Temporal Concepts: Linguistic Factors and Cognitive 

Processes. Frontiers in Psychology, 9. 

https://www.frontiersin.org/articles/10.3389/fpsyg.2018

.02451 

 

 

50


