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Temporal connectives play a crucial role in marking the sequence of events during language comprehension, particularly

in tenseless languages which lack overt inflectional marking of tense. Mandarin Chinese, for instance, is a tenseless

language which does not mark past, present, or future with dedicated morphemes, yet Mandarin speakers successfully

comprehend temporal information, largely depending on temporal adverbials (e.g., yesterday, last week), viewpoint aspect

morphemes (e.g., ‘le’ termination or completion, ‘zài’ ongoing state), and temporal connectives (e.g., ‘zhiqian’ before,

‘zhihou’ after).
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1. Introduction

Time is an unbounded dimension. To explore time, people usually rely on a reference point or an anchor for location such

as space, albeit abstractly . Languages often employ two devices to locate situations in time: the grammatical

device tense and the lexical device temporal connectives . Temporal connectives play a pivotal role in marking temporal

location, particularly in tenseless languages which lack overt inflectional marking of tense. Mandarin Chinese, for

instance, is a tenseless language which does not mark past, present, or future with dedicated morphemes, yet Mandarin

speakers successfully comprehend temporal information, largely depending on temporal adverbials (e.g., yesterday, last

week), viewpoint aspect morphemes (e.g., ‘le’ termination or completion, ‘zài’ ongoing state), and temporal connectives

(e.g., ‘zhiqian’ before, ‘zhihou’ after ). In Mandarin, the temporal connectives zhiqian (before) and zhihou (after)

involve the selection of an event over a period of time, which provides important cues to set a time frame . These

temporal connectives have been demonstrated to be more difficult to understand than other connectives (e.g., causal

connective because) , yet it remains unclear whether these temporal connectives are processed differently. Although a

number of studies have investigated how sentence comprehension is modulated by temporal connectives such

as before and after , they have mainly focused on tense languages such as English. It thus remains

unclear how temporal connectives are processed in tenseless languages such as Mandarin Chinese.

2. The Comprehension of Before and After

The temporal connectives before and after are different in expressing iconicity. Linguistically, iconicity is the conceived

similarity between the linguistic form and the meaning in the real world . In other words, if the sequencing of clauses

described in a sentence is consistent with the sequencing of events occurring in the real world, it is viewed as iconic;

otherwise, it is viewed as non-iconic. Suppose p occurs before q: this temporal sequence can be described by

an after construction [After p, q] in which the temporal order of the event is consistent with the chronological order, and

therefore is regarded as iconic. The same event sequence, however, can also be described by a before construction

[Before q, p], in which the sequence of the described clauses is inconsistent with the sequence of occurrence in the real

world. It is therefore considered to be non-iconic. Similarly, in a construction in which the temporal connective occurs in

the sentence-middle position, [p before q] is iconic whereas [q after p] is non-iconic (see Table 1). Previous studies

adopting various approaches have shown that a non-iconic sequence is more difficult to understand than an iconic

sequence. For example, Mandler  found that participants spent more time reading sentences when the order of

occurrence mismatched the order in which they were presented. Münte et al. , using the event-related potentials

(ERPs) technique, observed a larger sustained negative ERP modulation for non-chronological before-sentences (1a)

than chronological after-sentences (1b) over the left frontal scalp. Interestingly, the ERP difference was significantly

correlated with a working memory score. Individuals with higher working memory span showed a more pronounced

negative difference between before and after sentences, suggesting that computing a non-iconic temporal relation places

high demands on the working memory system. Ye et al.  found that the caudate nucleus and middle frontal gyrus were

more strongly activated for processing before-clauses than after-clauses. Moreover, another line of studies has revealed
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that sentence-initial sentences headed by before are more difficult to understand than those headed by after for young

children  as well as Parkinson patients .

Table 1. Before and After in semantic accounts.

 Semantic Accounts

 Veridicality Iconicity Polarity

p before q non-veridical iconic positive

q after p veridical non-iconic negative

Before q, p. non-veridical non-iconic positive

After p, q. veridical iconic negative

q zhiqian p non-veridical non-iconic positive

p zhihou q veridical iconic negative

Note: Veridicality refers to the degree to which an experience, perception, or interpretation accurately represents reality

Before the scientist submitted the article, the journal changed its policy.

After the scientist submitted the article, the journal changed its policy.

The comprehension of before and after could also be influenced by their position in a sentence. Politzer-Ahles et al. 

compared the neural correlates of processing before and after in both sentence-initial (e.g., 1a/b) and sentence-middle

positions (e.g., 2a/b). They found that before elicited more negative ERP responses than after in the sentence-initial

position but more positive ones in the sentence-middle position. The result in the sentence-initial context is consistent with

previous studies (e.g., ), but the sentence-middle result shows the opposite, indicating that ERP modulations elicited by

temporal connectives are related to the order in which events are presented.

The journal changed its policy before the scientist submitted the article.

The journal changed its policy after the scientist submitted the article.

The studies addressed so far seem to support the idea that a non-iconic temporal relation is semantically/pragmatically

more costly to understand than iconic temporal relation (regardless of connective type). However, despite the difference in

expression iconicity, temporal connectives also differ in frequency and polarity, and the explanation based on frequency

and polarity will have a different prediction for processing temporal connectives such as before and after.

According to the polarity-based explanation, before shares a similar meaning with in front of in the pair in front of–behind,

in which in front of is positive as it is used to describe the visible area of perception, whereas its counterpart behind is

negative as it describes the invisible area . Linguists therefore distinguish them by labeling before as positive

and after as negative. Indeed, psycholinguistic evidence has demonstrated that people tend to acquire positive words

such as before more easily than negative words such as after . In an early behavioral study, Clark  found that

children had greater difficulty comprehending after-clauses than before-clauses.

With regard to frequency of use as temporal connectives, after is used less often than before in both adults and children’s

language usage . Besides functioning as a temporal connective, after is more frequently used as a preposition

(like behind), and therefore has a less consistent mapping between form and meaning as compared to before in terms of

temporal connective. This variability may lead to greater uncertainty in interpreting after sentences compared

to before sentences, meaning that understanding after sentences could be cognitively more demanding.

Notably, there are cross-linguistic differences in expressing iconicity with temporal connectives. For example, the

relationship between temporal connectives and iconicity in Mandarin Chinese is much clearer than in English, because in

Mandarin, temporal connectives zhiqian (before) and zhihou (after) only occur at the non-initial position of a sentence. In

this case, zhiqian generally expresses a non-chronological temporal relation whereas zhihou expresses a chronological

temporal relation. This unambiguity provides a better opportunity to test the iconicity hypothesis.

In summary, regarding the different properties of before and after and especially their discrepancies between English and

Chinese, it remains uncertain which of the two temporal connectives is cognitively more difficult to process. If iconicity is
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the most relevant factor for processing, then before should be more cognitively demanding to process than after. If,

however, the value of polarity and form–meaning mapping (frequency) is more important, then after should be more

cognitively demanding than before.

3. How World Knowledge Is Activated during Temporal Connectives
Processing

During language comprehension, readers not only rely on semantic and syntactic knowledge, but also depend on world

knowledge to establish a coherent sentence/discourse model . If the linguistic input is inconsistent with

world knowledge, a negative-going brain response, appearing around 300–500 ms (i.e., N400), will be regularly elicited

. However, whether a semantically reasonable sentence is pragmatically valid could be constrained by the

coherent markers, namely connectives. A number of studies have explored this issue. Using event-related potentials

(ERPs), Xu et al.  investigated how world knowledge incongruency was modulated by causal and concessive

connectives (‘yinwei’ because vs. ‘jinguan’ although). They found that causal and concessive connectives had different

influences on pragmatic processing at different stages of sentence processing. During early retrieval processing, world

knowledge anomalies (e.g., Harbin is warm in winter) evoked indistinguishable N400 effects in both causal and

concessive structures; at the integration stage, however, they showed dissociable ERP effects: while violation of world

knowledge elicited a P600 effect in causal structures, a late negativity (N600) effect was obtained in concessive

structures.

Only a few studies have explored how different temporal information influences world knowledge processing. Rinck et al.

 presented seven-sentence passages to their participants. In each passage, the temporal information conveyed at

target sentence (e.g., Claudia was already waiting for him when he got off the train with his huge bag) was either

consistent (e.g., Markus’s train arrived at Dresden Central Station 20 min after Claudia’s train.) or inconsistent

(e.g., Markus’s train arrived at Dresden Central Station 20 min before Claudia’s train.) with the contextual sentences. The

results showed that inconsistent sentences were processed longer than consistent ones. In an ERP study, Xiang et al. 

presented not only ad hoc stimuli with ambiguous veridicality (similar to 2a/b in Münte et al. , but also real-world stimuli

(e.g., Before/After Tiger Woods won the Masters, Jake started playing golf) which are veridical based on world

knowledge. The result showed that before-sentences evoked a larger sustained negativity than after-sentences in ad hoc

stimuli, but no effect was observed in real-event stimuli, suggesting that the difference underlying processing of these two

types of temporal relations could be related to the uncertainty of the events. Nieuwland , using ERP techniques, also

investigated how world knowledge was processed in before vs. after sentences.

After the global economic crisis, securing a mortgage was harder.

After the global economic crisis, securing a mortgage was easy.

Before the global economic crisis, securing a mortgage was easy.

Before the global economic crisis, securing a mortgage was harder.

The results demonstrated that while the world knowledge-inconsistent words (3b) elicited a larger N400 than the world

knowledge-consistent words (3a) in after sentences, the N400 difference effect was largely attenuated

in before sentences (3c/d). However, at the late time window, the inconsistent words (3d) elicited a larger P600 than the

consistent words (3c) in before sentences. These results indicate that integrating mismatched pragmatic information into

discourse could be delayed in a non-chronological temporal sequence in comparison to a chronological sequence.

References

1. Boroditsky, L. Metaphoric structuring: Understanding time through spatial metaphors. Cognition 2000, 75, 1–28.

2. Boroditsky, L.; Fuhrman, O.; McCormick, K. Do English and Mandarin speakers think differently about time? Cognition
2011, 118, 123–129.

3. Moore, K.E. Space-to-time mappings and temporal concepts. Cogn. Linguist. 2006, 17, 199–244.

4. Comrie, B. Tense; Cambridge University Press: Cambridge, UK, 1985; Volume 17.

5. Wadley, S.; Li, C.N.; Thompson, S.A. Mandarin Chinese: A Functional Reference Grammar. J. Am. Orient. Soc. 1987,
107, 505.

[27][28][29][30][31][32]

[27][28][29][30][31]

[31]

[15]

[33]

[12]

[13]



6. Slabakova, R. Acquiring Temporal Meanings without Tense Morphology: The Case of L2 Mandarin Chinese. Mod.
Lang. J. 2015, 99, 283–307.

7. Smith, C.S.; Erbaugh, M. Temporal information in sentences of Mandarin. In New Views in Chinese Syntactic Research
—International Symposium on Chinese Grammar for the New Millennium; Xu, L., Shao, J., Eds.; Zhejiang Education
Publishing House: Hangzhou, China, 2001; pp. 514–542.

8. Qin, H.; Kong, L. On semantic underspecification in English and Mandarin ‘BEFORE/AFTER’+NEC constructions.
Lingua 2018, 206, 49–66.

9. De Ruiter, L.E.; Theakston, A.L.; Brandt, S.; Lieven, E.V. Iconicity affects children’s comprehension of complex
sentences: The role of semantics, clause order, input and individual differences. Cognition 2018, 171, 202–224.

10. Clark, E.V. On the acquisition of the meaning of before and after. J. Verbal Learn. Verbal Behav. 1971, 10, 266–275.

11. Mandler, J.M. On the comprehension of temporal order. Lang. Cogn. Process. 1986, 1, 309–320.

12. Münte, T.F.; Schiltz, K.; Kutas, M. When temporal terms belie conceptual order. Nature 1998, 395, 71–73.

13. Nieuwland, M.S. The Truth Before and After: Brain Potentials Reveal Automatic Activation of Event Knowledge during
Sentence Comprehension. J. Cogn. Neurosci. 2015, 27, 2215–2228.

14. Politzer-Ahles, S.; Xiang, M.; Almeida, D.A.D.A.E. “Before” and “after”: Investigating the relationship between temporal
connectives and chronological ordering using event-related potentials. PLoS ONE 2017, 12, e0175199.

15. Rinck, M.; Hähnel, A.; Becker, G. Using temporal information to construct, update, and retrieve situation models of
narratives. J. Exp. Psychol. Learn. Mem. Cogn. 2001, 27, 67–80.

16. Ye, Z.; Kutas, M.; George, M.S.; Sereno, M.I.; Ling, F.; Münte, T.F. Rearranging the world: Neural network supporting
the processing of temporal connectives. NeuroImage 2011, 59, 3662–3667.

17. Perniss, P.; Thompson, R.L.; Vigliocco, G. Iconicity as a General Property of Language: Evidence from Spoken and
Signed Languages. Front. Psychol. 2010, 1, 227.

18. Amidon, A.; Carey, P. Why five-year-olds cannot understand before and after. J. Verbal Learn. Verbal Behav. 1972, 11,
417–423.

19. Natsopoulos, D.; Grouios, G.; Bostantzopoulou, S.; Mentenopoulos, G.; Katsarou, Z.; Logothetis, J. Algorithmic and
heuristic strategies in comprehension of complement clauses by patients with Parkinson’s disease. Neuropsychologia
1993, 31, 951–964.

20. Natsopoulos, D.; Mentenopoulos, G.; Bostantzopoulou, S.; Katsarou, Z.; Grouios, G.; Logothetis, J. Understanding of
relational time terms before and after in Parkinsonian patients. Brain Lang. 1991, 40, 444–458.

21. Leech, G.N. Towards a Semantic Description of English. In Indiana Studies in the History and Theory of Linguistics;
Indiana University Press: Bloomington, IN, USA, 1970.

22. Moore, T.E. (Ed.) Cognitive Development and Acquisition of Language; Elsevier: Amsterdam, The Netherlands, 2014.

23. Siegel, A.W.; White, S.H. The Development of Spatial Representations of Large-Scale Environments. Adv. Child Dev.
Behav. 1975, 10, 9–55.

24. Blything, L.P.; Cain, K. Children’s processing and comprehension of complex sentences containing temporal
connectives: The influence of memory on the time course of accurate responses. Dev. Psychol. 2016, 52, 1517–1529.

25. Blything, L.P.; Davies, R.A.I.; Cain, K. Young Children’s Comprehension of Temporal Relations in Complex Sentences:
The Influence of Memory on Performance. Child Dev. 2015, 86, 1922–1934.

26. De Ruiter, L.E.; Theakston, A.L.; Brandt, S.; Lieven, E.V.M. The relationship between parental input and children’s
spontaneous use of adverbial clauses con- taining after, before, because, and if. In Proceedings of the 14th
International Congress for the Study of Child Language (IASCL), Lyon, France, 17–21 July 2017.

27. Hagoort, P.; Hald, L.; Bastiaansen, M.; Petersson, K.M. Integration of Word Meaning and World Knowledge in
Language Comprehension. Science 2004, 304, 438–441.

28. Hald, L.A.; Steenbeek-Planting, E.G.; Hagoort, P. The interaction of discourse context and world knowledge in online
sentence comprehension. Evidence from the N400. Brain Res. 2007, 1146, 210–218.

29. Jiang, X.; Li, Y.; Zhou, X. Even a rich man can afford that expensive house: ERP responses to construction-based
pragmatic constraints during sentence comprehension. Neuropsychologia 2013, 51, 1857–1866.

30. Romero-Rivas, C.; Corey, J.D.; Garcia, X.; Thierry, G.; Martin, C.D.; Costa, A. World knowledge and novel information
integration during L2 speech comprehension. Biling. Lang. Cogn. 2016, 20, 576–587.



31. Xu, X.; Jiang, X.; Zhou, X. When a causal assumption is not satisfied by reality: Differential brain responses to
concessive and causal relations during sentence comprehension. Lang. Cogn. Neurosci. 2014, 30, 704–715.

32. Cho, J. Crosslinguistic influence on L2 implicature computation for determiners. J. Second. Lang. Stud. 2022, 5, 86–
113.

33. Xiang, M.; Hanink, E.; Vegh, G. Before and after—processing presuppositions in discourse. In Proceedings of the Sixth
Annual Meeting of the Society for the Neurobiology of Language, Amsterdam, The Netherlands, 27–29 August 2014.

Retrieved from https://encyclopedia.pub/entry/history/show/53853


