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Multisensory Input Modulates P200 and L2 Sentence Comprehension: A One-Week Consolidation Phase
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Multisensory input is an aid to language comprehension; however, it remains to be seen to what extent various combinations of senses may affect the P200 component and attention-related cognitive processing associated with L2 sentence comprehension along with the N400 as a later component. To this aim, we provided some multisensory input (enriched with data from three (i.e., exvolvement) and five senses (i.e., involvement)) for a list of unfamiliar words to 18 subjects. Subsequently, the words were embedded in an acceptability judgment task with 360 pragmatically correct and incorrect sentences. The task, along with the ERP recording, was conducted after a 1-week consolidation period to track any possible behavioral and electrophysiological distinctions in the retrieval of information with various sense combinations. According to the behavioral results, we found that the combination of five senses leads to more accurate and quicker responses. Based on the electrophysiological results, the combination of five senses induced a larger P200 amplitude compared to the three-sense combination. The implication is that as the sensory weight of the input increases, vocabulary retrieval is facilitated and more attention is directed to the overall comprehension of L2 sentences which leads to more accurate and quicker responses. This finding was not, however, reflected in the neural activity of the N400 component.
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INTRODUCTION

The growing literature offers that sentence comprehension depends on the long-term memory retrieval operations and unification operations (Bastiaansen and Hagoort, 2006; Hagoort, 2013). The neurobiological underpinnings of the sentence comprehension process have been investigated through the well-suited event-related potential (ERP) tool. In this regard, the interpretations of elicited ERP components offer feedbacks on minute alterations of neural responses to stimuli and allow analyzers to delve into variations in neural mechanisms. For instance, N400, as the most prominent language-related ERP component, is sensitive to prediction and expectation functions (Dierks et al., 1994) as well as semantic processing of words and sentences (Kaan, 2007). Like N400, P200 is sensitive to diverse language-oriented stimuli, yet its functions are more directed toward attention. To examine the functions of the P200 component, researchers (e.g., Luck and Hillyard, 1994; Federmeier and Kutas, 2002; Liu et al., 2003; Federmeier et al., 2005; Guo et al., 2012) have used various tasks. A general assumption is that the P200 component indexes higher-order perceptual processing modulated by language and attention (Luck and Hillyard, 1994; Lijffijt et al., 2009). Neuroscientists have evidenced that P200 characteristics are biased by attentional mechanisms in the influence of several factors, such as sentential context (Evans and Federmeier, 2007), emotion (Carretié et al., 2001), repetition (Schweinberger and Neumann, 2016), and gender (Ito and Urland, 2003). Considering the influential factors in P200 modulation in association with attention mechanism, we seek to place emphasis on senses as a factor pertinent to higher-order cognitive functions (Dudai, 2004; Matusz and Eimer, 2011) and specifically examine any possible interplay between senses and attention mechanism in integration with sentence comprehension. In this respect, investigations (e.g., Talsma and Woldorff, 2005; Talsma et al., 2010; Battich et al., 2020) have deciphered certain influences of senses on attention mechanism. In fact, coordination of multisensory input can take place across different stages of stimulus processing that are associated with, and can be changed by, attention (Talsma et al., 2010). On the one hand, stimulus-driven attention, which is drawn to the characteristics of inputs, can enhance memory via cognitive control mechanism (Wills et al., 2017); on the other hand, attention can facilitate the combination of multisensory input (Talsma et al., 2010). Hence, there are multifarious interactions between multisensory integration and attention mechanism modifying “the firing rate of perceptual neurons” (Macaluso et al., 2016).

Senses, not only in isolation but also in combination, may potentially affect attention and effective comprehension. It is basically assumed that different combinations of senses might capture different degrees of attention, as a result of which the accuracy and speed of comprehension may change. Several lines of research (e.g., Sparks et al., 1998; Stein et al., 2010; Aral and Sağlam, 2016; De Niear et al., 2016; Schneider and Kulmhofer, 2016; Myréen, 2017; Broadbent et al., 2018; Holler and Levinson, 2019; Jajarmi and Pishghadam, 2019) converge to suggest that the quality of input is associated with the characteristics of sensory representations, which are likely to take pivotal functions in how sensory signals cooperate with each other (Azamnouri et al., 2020; Shayesteh et al., 2020). Although there have been recent ERP studies addressing the role of sense combinations in overall L2 sentence comprehension (e.g., Shayesteh et al., 2020; Pishghadam et al., 2021b), there is only one single study that has investigated the role of multiple senses in the attention-related P200 component (Shayesteh, 2019). Based on the results of the study, there exists no change in the P200 amplitude if the input contains information from the combination of three or five senses. However, considering the importance of sensory combinations in the quality of inputs, the effect may manifest itself when some consolidation takes place. Given that Shayesteh (2019) verified the P200 potential in response to the main effect of the combination of senses with a short time interval (1 h) between receiving the input and performing on the comprehension task, we set out to do the experiment with 1-week interval (McDaniel et al., 1987; Dudukovic and Knowlton, 2006; Sobel et al., 2011; Baumann et al., 2019) hypothesizing that the consolidation of input might bolster variations in the effect of different sense combinations. The logic behind selecting this time interval was based on the neuroanatomical models of memory for the system consolidation process (Dudai, 2004). During this process, multiple neural networks coactivate, and memory goes through a reorganization process (McClelland et al., 1995). Due to its time-taking nature, it is believed that the process benefits the long-term retention of information 1 week after receiving the input (Wirebring et al., 2015; Ezzyat et al., 2018).

To address the core assumption of the current study and provide multisensory input, we chose a list of L2 vocabulary items about which the subjects had no previous knowledge. L2 was selected since all the similar studies were conducted in the subjects’ foreign language (Shayesteh et al., 2020; Pishghadam et al., 2021a, b). It is also believed that the emotional responses which can influence any kind of cognitive processing are absent in individuals’ non-native languages (Dylman and Bjärtå, 2018). Following Pishghadam et al. (2021b) and Shayesteh et al. (2020), we elaborated on the meaning and features of the selected items in a session we called the instruction session. To control the weight of senses in giving the instructions, we relied on previous behavioral (e.g., Pishghadam and Abbasnejad, 2016; Pishghadam and Shayesteh, 2016; Pishghadam et al., 2018) and electrophysiological (Shayesteh et al., 2020; Pishghadam et al., 2021a, b) studies and used Pishghadam (2016) sensory-based model of emotioncy (emotion + frequency) which exclusively illustrates different combinations of senses. The model sets the ground for discriminating a blend of visual, auditory, and kinesthetic/tactile senses (coined as exvolvement) from a combination of auditory, visual, kinesthetic/tactile, olfactory, and gustatory modalities (coined as involvement). Preceded by these levels, there is another level (coined as avolvement) in which the individuals have no sensory information about different concepts. When individuals transcend from avolvement to exvolvement, they use a limited number of sensory modalities. The nature of these modalities creates indirect sensory experiences of a concept which help them paint a blurry picture of reality. When the move is from exvolvement to involvement, more senses are involved and individuals’ conceptions of the world become more vivid and much closer to reality. That is why sensory experiences are believed to shape one’s cognition by degrees (Pishghadam, 2016). Based on these assumptions, the sensory-based model of emotioncy could contribute to the development of this study. Therefore, the model was used to teach a list of L2 vocabulary items to the subjects. To measure comprehension, the instructed vocabulary items were embedded in a sentence acceptability judgment task (designed based on Hagoort et al., 2004; Hald et al., 2006; Kos et al., 2012; Shayesteh et al., 2020; Pishghadam et al., 2021b), constituting pragmatically correct and incorrect sentences. While the subjects were doing the task, their electrical brain activity was being recorded.

Taken together, we presume that, in line with the previous studies, different combinations of senses affect attention-related cognitive processing as well as later stages of comprehension mechanism, and thus influence the behavioral responses (response time and response accuracy) of the individuals to the acceptability judgment task as well. To be specific, since retention is facilitated when the input is rich with sensory stimuli, more attention is paid to judge the acceptability of the sentences, resulting in more accurate responses. Increased attention improves the speed of comprehension and reacting to the acceptability of the sentences at the same time. Moreover, based on the prior literature, we assume that P200, as a major indicator of attention during sentence comprehension, may be modulated by the combination of senses subsequent to a 1-week memory consolidation phase. In particular, improving the sensory quality of input from avolvement to exvolvement and involvement, may show some meaningful changes in the P200 amplitude. To elaborate, enriched sensory input as a result of combining five senses leads to better and faster retention of the instructed word; thus more attention is directed to the meaning of the whole sentence (rather than the instructed word) for accurate comprehension. Therefore, involvement is expected to elicit a more positive effect in comparison with exvolvement and avolvement.

Moreover, to investigate if the probable sense combination effects continue to affect the later stages of sentence comprehension as well, we examine the N400 component as an index of semantic processing. According to Shayesteh (2019) and Shayesteh et al. (2020), the combinations of three and five senses do not differently modulate the negativity of the N400 in response to the comprehension of pragmatically correct and incorrect sentences. Yet, we hypothesize that the 1-week consolidation period between the instruction and the ERP recording may exert some changes to the previous findings. This may manifest itself in generating the smallest N400 amplitude in response to the sentences with involved target words. The input from the combination of five senses diminishes the semantic access difficulty, hence reducing the N400 effect.



METHODOLOGY


Subjects

Among the 23 volunteers who took part in the experiment, 3 were excluded since they did not meet the inclusion criteria (see section “Inclusion Criteria”). The electroencephalography (EEG) signals of 20 subjects (7 males and 13 females) were analyzed. Of the 20 subjects, two were excluded from the final analysis due to excessive muscle and eye movement artifacts. The subjects had no neurological impairment and were with normal or corrected-to-normal vision. They were right-handed adults (Oldfield, 1971), aged between 18 and 30, with normal or corrected-to-normal vision. They were native Persian speakers with intermediate English language levels (Allan, 1992) and normal working memory (Corsi, 1972).



Inclusion Criteria


Pre-tests

To ensure homogeneity, several criteria were administered. Considering English language proficiency level, we used Oxford Quick Placement Test (Allan, 1992) to find subjects with intermediate English language level (the score of 30–40 out of 60). To check the subjects’ hand laterality, we accepted those volunteers whose Edinburgh Inventory of Handedness score (Oldfield, 1971) was within the 10–12 range. To assess their working memory, we conducted the computerized version of Corsi block-tapping test (Corsi, 1972). Drawing on Kessels et al. (2000) finding, we considered 5–6 as the average of Corsi Span for normal working memory. To practically measure the subjects’ familiarity with the words, Borsipour (2016) emotioncy scale was adapted. Based on the scores, we excluded those volunteers who had prior familiarity with any of the target words.




Target Words

To select the target words, we initially applied a article and pencil method and listed 30 English words (including plants, fruits, and vegetables) along with their Persian translation. We distributed the list of words among 130 respondents (73 female and 57 male), who were not the subjects of the study, and asked them to rate their familiarity with the words (Borsipour, 2016). From the 30-item list, 93% of the respondents had no familiarity with some of the words: Floral, stevia, tanglad, badiane, physalis, kumquat, medlar, brinjal, and caper. Consequently, these 9 words were selected as the target words for multisensory input and instruction (see Figure 1).
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FIGURE 1. Sample instruction for various sense combinations.




Stimulus Materials

Drawing upon previous studies (Hagoort et al., 2004; Hald et al., 2006; Kos et al., 2012), we arranged a sentence acceptability judgment task consisting of 360 sentences (180 correct and 180 pragmatically incorrect, see Table 1) with a tripartite division of the target words (each containing 5 to 8 characters and 2 to 3 syllables) into avolvement, exvolvement, and involvement levels. We constructed 40 sentences (20 correct and 20 pragmatically incorrect) for each target word. The target words were all embedded in the sentence initial position. Moreover, to enhance the reliability of measures, the length (3–7 words) and complexity (simple present tense, singular type, and active voice) of all sentences were taken into account. We asked the subjects to judge the acceptability of the sentences according to the instruction they received in the instruction session.


TABLE 1. Examples of the correct and pragmatically incorrect sentences.
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Procedure

The whole experiment consisted of two phases: the instruction phase and the experiment phase, which were a week apart. That is, each subject received the multisensory input during the instruction phase and came back to the lab for ERP recording a week after the instruction.


The Instruction

Relying upon Pishghadam (2016) emotioncy model (Figure 2) and in accordance with Shayesteh et al. (2020) and Pishghadam et al. (2021b) studies, we came up with different forms of instruction to control the multisensory input the subjects were exposed to.
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FIGURE 2. Emotioncy levels (Reprinted with permission from “Emotioncy, extraversion, and anxiety in willingness to communicate in English,” by Pishghadam, 2016, Proceedings of the 5th International Conference on Language, Education, and Innovation. London, United Kingdom).


In the instruction session, each participant received a 30-min instruction for 6 out of 9 target words. Three words did not have any instruction since they were placed in the avolvement group. It is noteworthy that, for the instruction, we used real vegetables, plants, and fruits as well as a photo booklet and a PowerPoint to present the target words. The words were organized into 3 groups (G1, G2, and G3), and each participant received various sensory instructions depending on the group to which they belonged. To delineate the instruction in a more clarified manner, an example is provided (Table 2).


TABLE 2. Emotioncy instruction.

[image: Table 2]
As Table 2 presents, the subjects did not receive any instruction for floral, tanglad, and kumquat (avolvement). At the exvolvement level, they received auditory, visual, and tactile information about stevia, brinjal, and medlar. Then, at the involvement level, they received full sensory involvement (auditory + visual + tactile + olfactory + gustatory) for badiane, caper, and physalis (see Table 3 for a sample instruction).


TABLE 3. A Sample Instruction.
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The Event-Related Potential Task

Following the procedure employed by similar studies (e.g., Kutas and Hillyard, 1980; Kos et al., 2012; Pishghadam et al., 2021b), the presentation method was in a word-by-word format (Figure 3). The font color was black, and the font size was Times New Roman 58 pt bold and sharp in the center of a 17-inch computer screen. Text covered a visual angle of 3° horizontally and 0.5° vertically at the center of a cool gray background. The sentences were randomized into 5 experimental blocks. Each block consisted of 72 trials, each taking 10 min, and then followed by a 5 min break. To design the task, we used Psychophysics Toolbox Version 3 (PTB-3) for MATLAB (version 2015a, The MathWorks, MA, United States). The subjects were required to judge the acceptability of each sentence by pressing the defined keyboard keys during response time.
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FIGURE 3. A sample ERP trial (Badiane is brown) in an experimental block of the task.





EEG Recording

The experiment phase was organized after a 1-week interval in an EEG lab. The subjects sat in a comfortable chair positioned ∼100 cm from a computer screen and were tested in a sound-attenuated and dimly lit chamber. Before the EEG recording, the subjects were instructed about the test and resting times (pauses between the blocks). Prior to commencing the task, a block with 20 sample sentences was presented to the subjects to get acquainted with the task. The lab was equipped with a 32-channel wireless g.Nautilus EEG system (gtec, Austria). The electrodes (Fz, FCz, Cz, Pz, Oz, AF3/4, F3/4/7/8, FT7/8, FC3/4, C3/4, P3/4/7/8, and PO7/8) were positioned on the cap based on the international 10–20 montage and in agreement with previous experiments (e.g., Hagoort et al., 2004; Van Berkum et al., 2005; Hald et al., 2006). Electrode impedances for all electrodes were kept below 5 kΩ. EEG signals were filtered by a notch filter of 50 Hz to eliminate AC line noise.



Data Analysis

The recorded data were imported into MATLAB software toolbox (version 2015a, The MathWorks, MA, United States). To analyze waveforms, we used EEGLAB 13_6_5b (an extension of MATLAB software). EEG data were digitally filtered between 0.5–60 Hz and were re-referenced offline to the algebraic average of linked-mastoids. The Artifact Subspace Reconstruction (ASR) algorithm was applied to filter out noises; the remaining high frequencies were low-pass-filtered at 25 Hz. Epochs were calculated from 200 ms before to 1100 ms after the stimulus (i.e., the final word of the sentences) onset to check comprehension. Data deviations below −70 μVs and above + 70 μVs were excluded from the analysis. Drifts were removed according to a linear detrend algorithm (employing the 200 ms before the stimulus onset to 3 s after the stimulus). The mean was analyzed in a latency window of 180–280 ms and 300–550 ms for the P200 and the N400 components, respectively.

Then, IBM SPSS Statistics software (version 25) was run to examine the amplitudes and significance of contrasts resulted from the effects of the variables. The normality of mean amplitudes was examined by the classical Kolmogorov-Smirnov test, and an alpha level of 0.05 was applied in the post hoc analysis with Bonferroni correction. To explicate the Within-Subjects Effect tests and to protect against the probability of making a Type I error, p values were adjusted and the Greenhouse-Geisser correction was reported.




RESULTS


Behavioral Data

To examine the subjects’ response accuracy (RA) and response time (RT), their behavioral performance across different combinations of senses (i.e., avolvement, exvolvement, and involvement), and linguistic condition (i.e., pragmatically correct and incorrect sentences) were assessed. Table 4 describes means and standard deviations.


TABLE 4. Mean values (M) and the standard deviations (SD) for RA and RT.
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Response Accuracy

A two-way repeated-measures ANOVA was conducted to examine the subjects’ performances in judging the acceptability of pragmatically correct and incorrect sentences based on different combinations of senses.

The results showed the significant main effect of sense combinations [F(2,34) = 77.29, p < 0.05, η2 = 0.82, 1-β = 1.00]. The Pairwise post hoc results revealed that the subjects outperformed the sentences with involved words (M = 45.44) in comparison to the sentences with exvolved (M = 39.33) and avolved (M = 6.139) words. Specifically, there was a significant difference between avolvement and exvolvement (MD = −33.19, p < 0.001), between avolvement and involvement (MD = −39.30, p < 0.001), and between exvolvement and involvement (MD = −6.11, p < 0.01). As a result, the subjects’ comprehension and judgment did meaningfully vary across different combinations of senses (i.e., avolvement < exvolvement < involvement).

While the main effect of sense combinations was significant, its interaction with linguistic condition was not significant [F(2,34) = 1.34, p > 0.05, η2 = 0.17, 1-β = 0.77].



Response Time

Given that there were 22 missing RT values for correct and pragmatically incorrect sentences with avolved target words, we excluded avolvement and established a two-way repeated measures ANOVA.

The F-test results presented significant differences for different combinations of senses [F(1,17) = 9.06, p < 0.05, η2 = 0.34, 1-β = 0.81]. The pairwise post hoc results showed a significant difference between exvolvement and involvement (M = 0.07, p < 0.01). More specifically, the subjects’ reaction times to the sentences with involved words (M = 0.97 s) were faster than those with exvolved words (M = 1.04 s). Data conveys that different combinations of senses had a noteworthy impact on the subjects’ mental agility to judge the acceptability of the sentences.




Electrophysiological Data

Sentence comprehension gave rise to a widely distributed positive-going deflection in the 180–280-ms time window, typical of the P200 component, across correct and pragmatically incorrect sentences. This component was followed by a later negativity in the time window of 300–550 ms which resembled the classic N400 effect (see Figures 4, 5). The mean amplitudes of the P200 and the N400 components were analyzed over the frontal (Fz), central (Cz), and parietal (Pz) sites. The reason we put these three electrodes into analysis was that the small number of electrodes is evidenced to decrease Type I error in the analysis (Tanner et al., 2017). Moreover, drawing upon previous studies (Tanner et al., 2014, 2017; Pishghadam et al., 2021a) the selected electrodes used in the analyses evince maximum efficacy to give a detailed account of the ERP components’ outcomes in sentence comprehension.


[image: image]

FIGURE 4. (A) Grand-average ERPs (N = 18) elicited by the correct condition in response to different combinations of senses (i.e., avolvement, exvolvement, and involvement. (B) The topographic maps plotted in the latency window of 180–280 ms after the stimulus onset. (C) The topographic maps plotted in the latency window of 300–550 ms after the stimulus onset.
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FIGURE 5. (A) The topographic maps plotted in the latency window of 180–280 ms after the stimulus onset. (B) Grand-average ERPs (N = 18) elicited by the pragmatically incorrect condition in response to different combinations of senses (i.e., avolvement, exvolvement, and involvement). (C) The topographic maps plotted in the latency window of 300–550 ms after the stimulus onset.



The 180–280-ms Time Window

A three-way repeated measures ANOVA (with sense combination (3), linguistic condition (2), and electrode (3) as the independent variables) was conducted to compare the mean amplitudes of the P200 waveform. Although tests showed a significant effect for sense combination [F(2,34) = 11.82, p < 0.05, η2 = 0.41, 1-β = 0.99], sense combination × channel [F(4,68) = 2.86, p > 0.05, η2 = 0.14, 1-β = 0.82] and sense combination × linguistic condition [F(2,34) = 2.79, p ≤ 0.05, η2 = 0.14, 1-β = 0.81] had no significant effect on P200 modulations.

The estimation of mean values presented variations across different combinations of senses: avolvement (M = 3.17 μV), exvolvement (M = 5.08 μV), and involvement (M = 6.58 μV). The F-test value displayed that sense combination was a significant factor in modulating the P200 potential. Furthermore, the post hoc comparisons differentiated between the P200 amplitude for avolvement and exvolvement (p < 0.01), avolvement and involvement (p < 0.01), and exvolvement and involvement (p < 0.05). In sum, the sentences with involved target words elicited the largest P200 amplitude.

In order to examine if there is any relationship between the magnitude of the P200 and the behavioral responses (i.e., RA and RT), we calculated Spearman’s correlation coefficient. Since, according to the three-way repeated measures ANOVA, electrode did not have a significant main effect on the amplitude of the P200, the average of the amplitudes for the three electrodes was correlated with the RA and RT estimates. As Table 5 shows, the correlation coefficients between P200 and RA and P200 and RT indexes varied from ρ = 0.20 to ρ = 0.37 and ρ = −15 to ρ = −17, respectively. To explicate, as the RA rate to the correct and pragmatically incorrect sentences increased under avolved, exvolved, and involved conditions, the P200 amplitude turned out to be more positive. However, with an increase in the RT rate, the P200 became smaller in size. Therefore, it can be concluded that the P200 amplitude increases when the subjects give more accurate responses to the sentences, straight away.


TABLE 5. The correlational analysis for the magnitude of the P200 and the RA and RT estimates.
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The 300–550-ms Time Window

To delineate the effects of the variables on the N400 potential, a three-way repeated measures ANOVA (with sense combination (3), linguistic condition (2), and electrode (3) as the independent variables) was conducted. Tests revealed a significant effect for sense combination [F(2,34) = 16.41, p < 0.05, η2 = 0.49, 1-β = 0.99].

Considering the mean values for the avolved (M = 1.85 μV), exvolved (M = 5.01 μV), and involved (M = 6.19 μV) types, the F-test value showed that sense combination was a significant factor in modulating the N400 potential. The post hoc comparisons differentiated between the N400 amplitude for avolvement and exvolvement (MD = −3.15 μV, p < 0.01), avolvement and involvement (MD = −4.33 μV, p < 0.01), but did not distinguish between exvolvement and involvement (MD = −1.17 μV, p > 0.01). In sum, there were no significant differences between the sentences with exvolved and involved target words in modifying the N400 potential.





DISCUSSION

To discover the behavioral and cortical responses to various combinations of senses, we used Pishghadam (2016) sensory-based model of emotioncy and checked L2 sentence comprehension. In what follows, we delineate the behavioral and electrophysiological results elicited by different combinations of senses as a result of a 1-week consolidation phase.


Behavioral Findings

The obtained results confirmed our first hypothesis acknowledging that the meaningful effect of the combinations of senses (i.e., avolvement, exvolvement, and involvement) on the comprehension mechanism improved RA and reduced RT. That is, the significant differences in the number of correct judgments and the time they spent on each item, across the combination of no sense, three senses, and five senses, provided pieces of strong evidence that the tripartite architecture of the instruction was significantly effective. Several experiments have similarly shown the positive impact of multiple senses on RA and RT (e.g., Frassinetti et al., 2002; Lovelace et al., 2003; Bolognini et al., 2005; Shayesteh, 2019; Shayesteh et al., 2020). In particular, the enriched sensory input from the combination of five senses enhances attention-related cognitive processing and comprehension mechanism, empowering the subjects’ performance on the acceptability judgment task. The results are specifically consistent with the findings of Shayesteh (2019) and Shayesteh et al. (2020), which evidenced the significant influence of sense combinations on RA. However, in contrast to their reports, the interaction effect of sense combination and linguistic condition was not significant. That is, in their study, different combinations of senses affected the comprehension of pragmatically incorrect items and not the correct ones, whereas in the current study, senses affected the comprehension of both correct and pragmatically incorrect items. One justification could be that, for the correct items, all instructed words (i.e., exvolved and involved ones) could be equally and accurately recalled after a 1-h interval (see Shayesteh, 2019); yet, after a week, due to the concurrent effect of forgetting and memory consolidation, recalling depended more on the sensory weight of the input. During this 1-week interval, some forgetting takes place, which is a natural process in knowledge acquisition. At the same time, the consolidation process, as a result of the neocortical integration of input into the mental lexicon, yields a “truly word-like behavior” (Bakker et al., 2015). Therefore, it is basically assumed that an extended memory consolidation period is required for the words to undergo the lexicalization process and be completely lexicalized. Such an account provides the implication that sensory enriched input is more resistant to forgetting and more probable to consolidate. Accordingly, to delay forgetting and maximize comprehension, the multisensory input needs to have integrated data from the combination of the five senses.

Moreover, in accordance with the literature (e.g., Shayesteh, 2019; Shayesteh et al., 2020; Pishghadam et al., 2021b,a), significant changes in the behavioral responses were also evident in RT as a result of different combinations of senses. The findings led us to characterize the combination of five senses (more than the combination of the three senses) as an encouraging factor in providing quick responses to the correct and pragmatically incorrect items. For the sentences with avolved target words, the subjects either had the longest hesitation to respond to an item or skipped the item due to a lack of sensory knowledge. Overall, retention is facilitated when input is rich with sensory stimuli, and thus more attention is paid to the comprehension of the whole sentence rather than recalling the target words, resulting in more accurate and quicker responses.



Electrophysiological Findings


The 180–280-ms Time Window

The electrophysiological results of the study showed that the P200 response is larger in comprehending the sentences with involved target words and smaller in comprehending the sentences with avolved and exvolved target words. Changes in the P200 amplitude conform to the second hypothesis and display that this component is significantly modified by enriched sensory input from the combination of five senses during the retrieval of information from long-term memory. Considering P200 as a major indicator of attention during sentence comprehension (Luck and Hillyard, 1994; Lijffijt et al., 2009; Shayesteh, 2019) we deduced that as the sensory weight of the input decreases from involvement to exvolvement and avolvement, more attention and internal concentration are required to recall the target word and, thus, less attention is directed to the overall comprehension of the sentence due probably to higher cognitive load. To be specific, when the subjects were confronted with avolved and exvolved (vs. involved) target words, their minds were busy retrieving the required information regarding its meaning and, therefore, were not able to easily concentrate on the meaning of the whole sentence. As a result, their response time and accuracy were negatively affected. This conclusion was further reinforced by the correlation results of P200 and behavioral estimates which revealed that the subjects’ slower and less accurate responses to the sentences decreased the positivity of the P200.

In brief, our findings revealed that sense combination was a significant factor in modulating the P200 potential. However, this result was not reported in Shayesteh (2019) experiment on sentence comprehension after a 1-h interval time between the instruction session and the subjects’ performance on the acceptability judgment task. A probable justification could reside in the neural transformations which occur during a 1-week consolidation phase and the interplay between forgetting and consolidation processes reinforcing variations in the effect of different sense combinations. In comparison with the 1-h interval, during the 1-week interval, much more forgetting and consolidation take place. Essentially, in the acquisition of information system, forgetting is the natural and inevitable cost of storage. Alternatively, memory consolidation, as a memory management mechanism, strengthens the memory traces and connections and leads to the formation of memory for words and automatic processing (Subagdja et al., 2012; Bakker et al., 2015). These brain processes encompass modifications in cell signaling during the retrieval of the accumulated information across the consolidation period (Davis and Zhong, 2017).

Our findings suggest that, although forgetting is inherent to knowledge acquisition, improvements in the sensory quality of input from avolvement to exvolvement and involvement may help ameliorate the effect, increase cognitive control and the degree of attention to the sentence (Wills et al., 2017), and eventually improve efficient retrieval and accurate comprehension. Overall, it is concluded that the more senses are involved in learning a new concept, the more probable the new information is committed to long-term memory and less susceptible to forgetting. To put it differently, sensory involvement exerts influences on the interaction between memory formation for newly acquired information, consolidation, and forgetting processes, which finally determine the comprehension of sentences. Moreover, modifications in the P200 potentials, whose responsiveness to attention mechanism is remarkable, seem to manifest some susceptibility to the retrieval of stored information with diverse multisensory inputs during a 1-week consolidation phase. As such, for successful long-term memory retrieval and appropriate comprehension, providing an opportunity for employing the five-sense combination can be a solution to internalize new information.



The 300–550-ms Time Window

Examining the electrical activities of the brain under the avolved, exvolved, and involved conditions, we observed an N400 component right after the P200, which was more obvious in sentences with avolved target words. In particular, the results did not completely confirm our third hypothesis and showed that the N400 response, as an indicator of semantic access (Hagoort et al., 2004; Kutas and Federmeier, 2011), was larger in comprehending the sentences with avolved target words rather than the ones with exvolved and involved words. Given that avolved target words were unknown to the subjects, they experienced more cognitive difficulty in comprehending the meaning of the pertinent sentences, which led to a larger negativity in the 300–550-ms time window. In effect, enrichment in the sensory quality of the input from avolvement to exvolvement and avolvement to involvement significantly enhanced access to the semantic memory. However, the combinations of three and five senses did not make distinctive alterations in the N400 amplitude, which may probably result from the short instruction time. The pattern of N400 changes, though similar to the findings of Shayesteh et al. (2020), was different from that of the P200 reflecting that the influence of sensory qualities of the input, after 1-week consolidation phase, might be restricted to the early stages of L2 sentence comprehension, notwithstanding that further research needs to be conducted for extended generalizability.

Last but not least, in order to have a more detailed insight into the characteristics of P200 and N400, complementary studies could be conducted to correlate these ERP responses with those of the target words. Correlating the results of P200 with other indicators of memory can add extra weight to the findings of this study. Besides, given that, due to the task limitation and time limits, we could use nine target words for the purpose of this experiment, future investigations are recommended to implement more vocabulary items. Additionally, a larger sample size will provide more reliable findings. Moreover, notwithstanding the advantages of the EEG with a perceptive temporal account, it is suggested to combine it with the findings of fMRI for an improved spatial representation. Finally, yet importantly, replication of this experiment in subjects’ first language will expand the findings.
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1. Medlar Exvolvement (Auditory,
visual, and Kinesthetic)

2. Physalis  Involvement (Auditory,

visual, kinesthetic,
Smell, and
taste) + Research

Instruction

Ok now ... have a look at this fruit. This
is called medlar. As you can see, it has
brown skin ... can you eat the skin?
Aha right! The skin is edible. Now touch
it. How does it feel? Absolutely right!
The skin is soft. Ok now let’s go a bit
further .. . take that knife and cut the
fruit. Cooll Look at that . .. you see the
flesh? The flesh is edible. Now, do you
see the seeds? Find the seeds inside.
You see there are a lot of seeds inside.
Touch them ... Are they soft or hard?
Aha right. They are hard. Medlar smells
fruity . .. And it actually tastes sour

Now, look at this one. Let me introduce
it to you. This fruit is called physalis.
Aha ... yes right physalis. You see ... it
is round and small. The whole fruit
looks like a cherry tomato, doesn't it?
Look at the skin ... Itis orange. Can
you eat the skin or do you have to peel
it? Aharight . .. the skin is edible. There
is also a papery cover around the fruit.
Is this cover edible? No, itis not . ...
Now touch the skin. It feels soft. Come
on let’s cut the fruit and see what is
inside. Oh good ... Do you see all
these seeds? Let's smell it ... You see,
physalis smells fruity. Do you like to
taste it? Yeah ... let’s go for it. How
does it taste? Right, it tastes a bit sour.
Ok now ... you have 1 min to search
this word online
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