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Abstract

:

To test the scaffolding theory when applied to the teaching and learning of writing English as a foreign language, this cross-sectional study was conducted to collect physiological data. A total of 53 participants were randomly assigned into two groups, and brain activity was investigated during a guided-writing task using storytelling pictures. The writing task was further divided into four parts using graded levels of difficulty. The experimental group performed tasks in sequence from easy to difficult, whereas the comparison group performed the tasks at random. Outcomes included handwriting assessments and fMRI measurements. Writing outcome assessments were analyzed using SPSS, and scanned images were analyzed using Statistical Parametric Mapping (SPM) software. The results revealed a positive learning effect associated with scaffolding instruction. The experimental group performed better during the writing tasks, and the fMRI images showed less intense and weaker reactions in the language processing region than were observed in the comparison group. The fMRI results also presented the experimental group with reduced motor and cognitive functions when writing in English. This study provides insight regarding brain activity during writing tasks in humans and may have implications for English-language instruction.
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1. Introduction


Various theories and opinions regarding the most effective methods for teaching writing skills when learning English as a foreign language (EFL) have been proposed, including instructional scaffolding, which is also known as the zone of proximal development (ZPD) [1]. Teachers have adopted this step-by-step strategy to instruct their students, which has become a widely recognized pedagogy worldwide. To examine the effectiveness of these teaching methods, researchers have collected evidence using a behavioral science approach [2]. However, little direct physiological evidence has been reported to support the efficacy of these teaching methods. Whether the human brain is more efficiently activated and trained when using an instructional scaffolding approach compared with other teaching methods remains unclear. Although these issues may have partially been explored in the field of neuroscience, studies have been limited by available technology. Advancements in brain and medical physiological imaging technology have made new research approaches possible. Functional magnetic resonance imaging (fMRI), which is among the most commonly used imaging techniques, detects blood diffusion within the brain by measuring the resonance between the magnetic field and radiofrequency current generated by the machine and the hydrogen atoms (H+) contained in the hemoglobin of blood flows to activate brain regions [3].



To examine the effectiveness of applying the instructional scaffolding theory to the process of writing learning in an EFL context, this study used fMRI to measure the brain activities of participants during the performance of a guided-writing task. The topic was presented using storytelling pictures and was further divided into four tasks with various levels of difficulty. The experimental group performed the sequence from easy to difficult (increasing difficulty), whereas the comparison group performed these tasks in a random sequence.



1.1. Developing EFL Writing through Scaffolding Instruction


Writing involves complicated interactions between the writer and the target audience. A writer’s prior knowledge and the continuous improvements and revisions made to the writing interact with contextual factors during the writing process. Writing is also a learning activity associated with a considerable cognitive load as indicated by increased brain activity [4]. In many traditional language classrooms, writing is taught by teachers based on the principles of compositional structure and fundamental rhetorical techniques. The topics and questions are provided to students, and the students themselves are responsible for providing the remaining contents. Writing is primarily considered a cognitive activity, and the drafting process is highly sophisticated, involving many levels of brain function. Without sufficient training, novice writers can easily lose direction during the writing process or encounter difficulties, such as writer’s block [5]. For EFL learners, both the complex drafting processes and a lack of linguistic aptitude can increase the “cognitive load” during English-language writing [6]. EFL learners often feel that writing is difficult and become discouraged and uninterested in performing writing tasks [7].



“Cognitive load” refers to the perceptual state of an individual who experiences a mental load or exerts mental effort during the execution of certain activities, assignments, or tasks [8]. Researchers have found that the transition of learners from beginners to professionals relies on the learning process. The most important factor is the transfer of learned concepts from basic ideas into the process of developing problem-solving strategies and models [8]. However, information that is irrelevant to the learning process, such as emotions, doubts, and frustrations, can occupy short-term memory and increase cognitive load [6]. This hypothesis suggests that pedagogies and teaching approaches that require lower cognitive loads can improve learning. Researchers committed to studying cognitive loads experienced by learners during different teaching methods and when exposed to different content have established the cognitive load theory [9].



Among these teaching approaches, the notion of scaffolding or ZPD, which was first proposed by Vygotsky (1987) [10], is among the most effective strategies. Teachers at various levels and across professional domains have adopted this step-by-step strategy to instruct their students [1,11]. Similarly, in ancient Chinese education, the original meaning of the proverb “循序漸進” is to arrange the parts of a written composition first according to the arrangement of the article segments, followed by the selection and organization of the proper words and sentences. The proverb was later developed to refer to learning that follows certain rules and procedures. The scaffolding approach has inspired language teachers to develop the guided-writing approach to ease the level of task difficulty for novice EFL writers [1]. A common method for teaching guided writing is the presentation of simple pictures as the writing topic to help the writers visualize the content and structure of the writing task [7]. When the task content is relevant to the writers’ living experiences, the cognitive load generated by creativity and abstract thinking can be reduced. Writers instead only need to focus on the construction, semantics, and syntax of the target language. Advocates believe that this strategy can improve the writing outcomes for EFL learners and enhance their learning motivation [12].




1.2. Relationship between Brain Activation and Language Processing


Early studies applying fMRI technology to the study of language processing initially focused on individual words and gradually advanced to the sentence level [13]. Recent studies show that reading and understanding sentences involve approximately 10 different brain regions [13], and include their subcortical structures, too. The comprehensive language network also goes considerably beyond these ten areas [14]. Although each study involved a different research purpose and design, the main activation areas were frequently concentrated in the left inferior frontal gyrus (left IFG), particularly in the left pars opercularis (left POp), the precentral gyrus (PG), and the pars triangularis (PTr) [15,16,17]. In addition, studies have shown the left middle temporal gyrus (left MTG) and the left superior temporal gyrus (left STG) are also important for language processing [17,18,19]. A recent study suggests the posterior superior temporal sulcus (STS) [20] should be included as well.



Further distinctions between the two main functions of language processing, semantics and syntax, are separately discussed. The areas where semantics are processed include the regions of the left IFG known as the Brodmann areas, BA44 and BA45 [21]. Other areas include the left STG [22] and left inferior temporal gyrus (ITG) [23]. The left pars orbitalis (POrb) [24] has been found to be significantly activated. Syntax processing appears to be more dispersed, and at least 7 areas have been proposed: BA44/left IFG [25]; left insula [17,19,26]; precuneus [15,24]; left MTG [18,19,27]; left PG [28]; supplementary motor area (SMA) [17,29]; and left supramarginal gyrus (left SMG) [24].



The literature exploring the brain activation associated with language processing at the sentence level has accumulated over the past decade, providing linguists and psychologists with increasing insight regarding the major brain regions involved in processing semantics and syntax. However, the higher-order and more complex brain functions that are activated during writing processes have rarely been studied and appear to be worth further exploration.




1.3. Relationship between Brain Activation and Writing Activities


A total of 13 brain areas can be categorized as directly involved in writing, motion control, and language in the cortex and sub-cortex. The 5 areas identified as directly associated with writing include the left superior frontal gyrus (left SFG), middle frontal gyrus (MiFG), left intraparietal sulcus (IPS), superior parietal lobe (SPL), and right cerebellum [30]. Motion-related areas include the primary motor cortex, sensorimotor cortex, SMA, thalamus, and putamen. Language-relevant functions activate the ventral premotor cortex and posterior and inferior temporal cortex. These functional areas plus areas involved in visual processing constitute the reference areas referred to by the current study [30].



Karimpoor et al., 2018 [3] used a touchscreen tablet to simulate a handwriting experiment performed while the subjects were monitored in an fMRI machine, and the results showed that the activated brain areas were similar to those identified during previous pencil and paper research. Motor-related brain regions included the left-lateralized primary somatosensory cortex, motor cortex, bilateral SMA, and premotor area. Visual functions activate the primary visual and visual association areas. The areas related to writing and language include the SPL, IPG, MiFG/SFG, STG, Wernicke’s area, posterior cerebellum (postCB), angular gyrus (ANG), supramarginal gyrus (SuMG), bilateral IFG/Broca’s area, and ventral premotor cortex on both sides of the brain. Another crucial writing area, named the visual word form area (VWFA), is located in the inferior temporal sulcus (ITS)/middle occipital gyrus (MiOG) of the left hemisphere [3].



Shah et al. [31] attempted to understand how the brain works during the process of creative writing. In their research design, native German writers in the control group copied contents directly after reading an article without requiring creativity or innovation. During simple writing activities, such as transcription or copying, areas that include the PG, bilateral dorsal premotor cortex (dPMC), left SMA, and right anterior cerebellum show stronger activation, based on the level of blood perfusion. Moreover, bilateral activation can be detected in the dorsolateral prefrontal cortex (DLPFC or BA 46/9) and the insula. Other areas are activated unilaterally, including the left Rolandic operculum (ROL) and the right IFG. In addition, the bilateral visual cortex, left thalamus, left putamen, and other areas also showed strong activation signals [31].




1.4. Study Aims


The two primary purposes of this study include validating whether the scaffolding approach, represented by the sequence of writing tasks, affected the participants’ (a) writing outcomes and (b) brain activation when comparing between two groups.



We hypothesized that the level of brain activation would be proportional to the cognitive load, with more activated brain regions and higher levels of activation, indicating heavier perceived cognitive loads.





2. Materials and Methods


2.1. Research Design


This study used a cross-sectional, mixed block and event-related experimental design with two groups. The difference between the two groups was the sequence in which the same four writing tasks were presented. The four tasks were transcribing in Chinese (Task 1), translating Chinese into English (Task 2), writing in Chinese (Task 3), and writing in English (Task 4). The experimental group performed these four tasks in the presented order, which progresses from easier to more difficult tasks. The comparison group performed these tasks in random order. The independent variable was the order in which the writing tasks were performed, whereas the dependent variables were the writing outcomes, activated brain activation areas, and the levels of brain activations.




2.2. Participants


A total of 53 participants were assigned randomly to the two groups, resulting in 27 participants in the experimental group and 26 participants in the comparison group. Their ages ranged from 21 to 28 years (Mean: 22.45 years; standard deviation [S]: 1.60 years) and included 40 women and 13 men (5 in the experimental group and 8 in the comparison group), who were primarily recruited from a nursing university. Right-handed individuals were preferred to ensure similar brain activity patterns. Normal vision or corrected-to-normal vision using contact lenses was required to ensure that the words and pictures could be clearly viewed while in the fMRI machine. Participants were included if they were healthy, without any neurodegenerative, mental, or cognitive disorders, and had never experienced severe brain injury or undergone any form of brain surgery. Pregnant women and those with contraindications preventing fMRI machine examinations, such as cardiac rhythmic devices, were excluded.



All participants were native Chinese speakers with various levels of EFL experience. Most participants were nursing students studying in the two-year or four-year technical program, either in the day (n = 28) or night school (n = 18). The remaining 7 participants were employers working in the healthcare industry.



Their language competencies were diverse, ranging from A1 to B2 (Common European Framework of Reference for Language, CEFR). To investigate the initial differences of EFL language competence among the two groups, participants were assessed using a 40-item reading examination at approximately the General English Proficiency Test (GEPT) [32] intermediate level or CEFR B2. This reading examination had been previously tested to have satisfactory validity and reliability. Each item on this multiple-choice examination was worth 2.5 points, resulting in a maximum possible score of 100. The assessment results showed the mean scores were 56.85 ± 15.07 (experimental) and 49.62 ± 14.08 (comparison group). A univariate test showed no significant difference between the two groups (F(1, 51) = 3.26, p = 0.077).




2.3. Writing Tasks


The writing tasks were picture-guided paragraphs derived from a GEPT at the elementary level or CEFR A2 equivalent (see Figure 1). After entering the fMRI machine, participants were instructed to write on the topic, guided by a set of pictures.



The writing tasks were divided into multiple steps to allow for the fMRI to record brain activation patterns in detail (see Figure 2). The four tasks were designed with different levels of difficulty (see Appendix A). The first task asked the participants to transcribe a few sentences that briefly outlined the topic using their native language of Mandarin Chinese. The second task asked the participants to translate the first task into English. The third task was to draft a full story on this topic using Chinese, which was considered more advanced than the second task. The fourth task was to draft a full story on this topic directly in English, which was considered to be the most difficult. Based on Vygotsky’s scaffolding theory, performing this sequence of tasks in the order 1–2–3–4, moving from easy to difficult, should be the conventional writing instruction method for the intervention used in the experimental group.




2.4. Data Collection


2.4.1. Procedures


Before fMRI scanning, all participants were fully informed regarding the research purposes and procedures by the research assistants. Their EFL language competence was assessed through a reading examination, and all participants received standardized writing training before undergoing functional scans to assure that they understood the task performance procedures. The goal of the training was to familiarize the participants with the length and difficulty of the writing tasks and procedures. Participants were provided with details regarding the functional scans, including the expected durations, writing task formats, language use, and the anticipated experience of being inside the machine. Three instruments were used to collect the data: two to assess language abilities and one to acquire brain images.




2.4.2. Instruments


	
Instrument 1: Writing outcomes






The writing outcome of each participant was assessed using established criteria (see Table 1). The “readability” criterion refers to the quality and recognition of the handwriting produced while in the fMRI machine. Speed refers to the degree to which each participant completed each task. The other 5 criteria, including content, structure, grammar, vocabulary, and punctuation, are commonly used in language tests nationwide [33]. The overall score was obtained by averaging the scores for all measured criteria. To ensure the consistency and reliability of these assessments, an experienced EFL teacher was invited to assist in the writing task assessments.



	
Instrument 2: fMRI images






This functional experiment used the SIEMENS Verio 3T MRI scanner located in Chiayi Chang Gung Memorial Hospital. The total scanning time was approximately one hour, including an additional scan for magnetization-prepared rapid acquisition with gradient echo (MPRAGE, 7 min). The protocol used for the experiment is shown in Figure 2.



The MPRAGE acquisition required participants to look at a cross mark (+) on the screen with no other activity. A set of high-resolution structural images (T1 3D spoiled gradient-recalled [SPGR]/MPRAGE) were obtained to locate brain areas as functional result markers. The main scan collected information about the activation of brain regions during the four writing tasks. Two devices, a handwriting desk and a projection screen made from acrylic material, were installed (see Appendix B), which allowed the participants to read the topic and perform handwriting while inside the machine.



During the scanning process, the participants’ heads were constrained within a reasonable range because fMRI is sensitive to body movements. We adopted two strategies for fixing the positions of a participant’s head: we fit sponges around the head within the frame of the fMRI machine and limited each round of tests to eight minutes, separated by rest intervals.





2.5. Data Analysis


Two types of data analyses were performed. To assess the writing outcomes, a multivariate analysis of variance (MANOVA) was conducted using SPSS 21.0 [34]. All 27 writing outcome criteria were set as dependent variables and the group (experiment vs. comparison) as fixed variable. To further identify the exact dependent variables contributed to the significance of the MANOVA, pairwise comparisons and univariate testing for the factor of “group” were performed, along with their corresponding effect sizes of Cohen’s d and r. As the MANOVA test integrated all variables into one model, all relationships between the variables were calculated simultaneously. Type 1 errors adjustment is often seen in the multiple tests of single relationships, and could be controlled and avoided in the MANOVA.



The acquired fMRI images were digitized using Statistical Parametric Mapping (SPM 12.0) [35] software. Data pre-processing consisted of four basic steps: slice-timing correction; motion correction; co-registration and spatial normalization; and smoothing. The data processing stage was performed in 4 steps: design metrics, import data, stepwise analysis, and type-one error consideration.



A generalized linear model (GLM) analysis was adopted to statistically analyze the digitized data. The first level of analysis consolidated an individual’s brain images, and the second level compared the data within or between groups. The completed data were then presented in SPM and xjView for a more dynamic display. To calculate the effect size of the test, we followed the method proposed by Lombardo et al. [36].





3. Results


3.1. Writing Outcomes


The MANOVA results revealed a significant difference in the writing outcomes between the two groups [F(27, 25) = 4.45, p < 0.001]. Through using the software of G*Power 3.1 [37], effect sizes of this MANOVA were obtained: f2(V) = 1.15 and Pilai V = 0.53. The huge effect sizes indicated strong relationships existed between dependent variables among the two groups.



Table 2 demonstrates the univariate effects for “group” of the MANOVA. A total of 10 assessment criteria (dependent variables), including “content” and “structure” of the Task 2, 3, 4, and “speed”, “grammar”, “vocabulary”, and “holistic” of the Task 3, were identified. They all showed strong effect sizes among the groups, too.



Furthermore, to inspect whether the initially language-competence differences among the two groups would influence the MANOVA results, additional tests of multivariate analysis of covariance (MANCOVA) was performed. Participant’s initial language competence was set as a covariate, and both tests showed highly consistent results (see Appendix C).




3.2. Brain Images


To further analyze the brain images acquired during the 4 writing tasks, the various actions performed during the writing processes were separated into 8 segments (Figure 2): transcription in Chinese, translation in English, topic and figure comprehension in Tasks 3 and 4, figure description in Chinese and English, and conclusion writing in Chinese and English. Comparisons between the experimental and comparison group revealed differences in the activation patterns for each segment.



3.2.1. The Main Effect of the Handwriting Tasks


Although the 8 task segments were analyzed, only one is shown to provide a representative figure. The remaining 15 figures can be provided upon request. Figure 3 (left) demonstrates the brain activation patterns associated with Task 1 (transcription in Chinese) for the experimental group. The global peak of activity was identified in the cerebellum (x, y, z = 6, −62, −20; T = 14.48; cluster = 65,332; p < 0.001 uncorrected peak level), cover a huge cluster containing many different regions. The value of Cohen’s d of this condition is 4.12, implying a huge effect size. To identify the most significantly activated regions, a further analysis was performed, setting the threshold as p < 0.05 family-wise error (FWE)-corrected at the peak level, as shown in Figure 3 (right) and Table 3.




3.2.2. The Language Effects among Different Tasks


Four findings illustrate the language effects among the tasks between the two groups. First, the experimental group had shown lower activation when translating Chinese into English [(English < Chinese); (Task 2) < (Task 1)]. Figure 4 shows the experimental group had negative activation in the motor-related areas. The left postcentral (x, y, z = −40, −22, 56; T = 7.04; cluster = 1544; p < 0.05 FWE cluster level), and right cerebellum (x, y, z = 6, −62, −20; T = 4.87; cluster = 1158; p < 0.05 FWE cluster level) were identified as different between the two groups but the difference was not significant.



Second, the comparison group had stronger activation than the experimental group in the left triangular region of the IFG (x, y, z = −46, 26, 28; T = 5.09; cluster = 1280; p < 0.05 FWE cluster level). The experimental group had significant activation in the left PG (x, y, z = −38, 4, 40; T = 4.67; cluster = 1235; p < 0.05 FWE cluster level), consisting of the left IFG opercula (BA9) (x, y, z = −38, 20, 34; T = 4.53) and left triangular IFG (BA46) (x, y, z = −46, 20, 28; T = 4.38), which are relevant to language processing.



Third, the experimental group had lower activation when drafting storytelling in English [Task 4 < Task 3]. For the experimental group, their brain activation was not strong in the language-related areas but were strong in the motor functional areas (English < Chinese): left PG (x, y, z = −36, −22, 62; T = 5.68; cluster = 1793; p < 0.05 FWE cluster level) and right cerebellum (x, y, z = 6, −62, −22; T = 4.68; cluster = 694; p < 0.05 FWE cluster level). However, no significant differences between English and Chinese drafting were observed for the comparison group during the drafting tasks.



Fourth, neither group showed significant differences when writing conclusions. Generally, the two groups did not show clear activation differences in any brain areas.



As to the effect sizes of the four conditions, Cohen’s d values for the experimental group are 1.80 (Text writing [Task 2 − Task 1]) and 0.96 (Figure description [Task 4 − Task 3]). For the comparison group are 1.43 and 0.93, respectively.




3.2.3. Learning Effects through Scaffolding Instruction


Figure 5 demonstrates the consolidating of all 4 writing tasks within each group. They show similar patterns during writing (left figures). The local peak identified in the experimental group was observed in the left IFG (x, y, z = −40, 14, 30; T-value = 3.93; cluster size = 565; p < 0.05 FWE cluster level). A similar area was also observed in the comparison group (x, y, z = −44, 30, 18; T-value = 5.13; cluster size = 1154; p < 0.05 FWE cluster level). Effect sizes of the two conditions are Cohen’s d = 3.03 (experimental) and Cohen’s d = 2.75 (comparison).



However, after adjusting the threshold of significance to a stricter p < 0.05, FWE-corrected at the peak level, a difference between the two groups appeared. The experimental group showed no significant activation in the left IFG (p = 0.265), whereas the comparison group remained significant (p = 0.002).



Moreover, both groups had significant negative activation [English < Chinese] under this condition. The experimental group showed activation in the left PG (x, y, z = −38, −22, 58; T = 6.60; cluster = 1824; p < 0.05 FWE cluster level) and right caudate (x, y, z = 16, 28, 6; T = 4.89; cluster = 886; p < 0.05 FWE cluster level). Similarly, the comparison group showed significant activation in the left PG (x, y, z = −32, −28, 66; T = 4.55; cluster = 1048; p < 0.05 FWE cluster level).






4. Discussion


The significance of this study is the application of fMRI in an educational context to understand the brain activation associated with a learning activity. The results of both the behavior measurement and the fMRI analysis demonstrated significant differences between the two groups. The learning effect observed on the experimental group’s writing outcomes and brain activation patterns provided a complete picture of the effects of scaffolding instruction.



4.1. Writing Outcomes


The behavioral measurement results indicated that the scaffolding approach was effective in assisting the process of learning the content and structure dimensions during the writing tasks. The experimental group performed better than the comparison group in Tasks 2, 3, 4, but no difference was observed for Task 1 (transcription in Chinese); as Task 1 was the easiest task, no significant difference was observed, regardless of when it appeared in the task sequence. Of the 27 evaluation criteria, those associated with content and structure showed significant differences in all 3 tasks in which they were measured, which suggested that the scaffolding approach effectively assisted participants in the dimensions of content formation and structure construction and indicating that the cognitive load [6] of the experimental group was reduced during story drafting using either language.



Task 3 (drafting in Chinese) benefited the most from scaffolding instruction. Six dimensions, including the holistic outcome, showed significant differences between groups. Although the participants used their native language, Chinese, the step-by-step scaffolding supplied the experimental group with a starting point and a genre to guide the direction of the writing task. They were less likely to experience the status of mind blanking, or writer’s block, which are frequently reported in the writing and neural literature [38]. During Tasks 2 (translation) and 4 (draft), which involved English, the knowledge of linguistic forms, such as EFL vocabulary and grammar, might not be assisted through any means of instruction.




4.2. Brain Images


First, the main effects observed during the handwriting tasks demonstrated consistency with previous literature. Although only one of the 8 conditions was displayed, the typical activation of the brain network associated with handwriting was illustrated. To compare the current studies with previous studies, four network functions were categorized: writing directly, language processing, motor functions, and visual functions. The categorizations were roughly defined, as most of the regions are multifunctional and involved in various tasks. The writing process involves the cerebellum [30,31], SFG [3,30], midcingulate cortex (MCC), superior parietal gyrus [3,30], and fusiform gyrus (VWFA) [3]. Language processing functions are associated with the IFG [24,31], Broca’s area [3,26], POp [16], inferior parietal gyrus (IPG) [3,24], MTG [17,18,19], ROL [31], and ANG [3]. Further distinctions have been recognized between the processing of semantics, which involves the ITG [23,30], and syntax, which occurs in the SMG [24] and insula [17,19,26,31]. Motor functions were associated with activity in the primary motor cortex [15,16,17,30,31], primary somatosensory cortex [3], SMA [3,17,30,31], and thalamus [30,31]. The MiOG [3] and inferior occipital gyrus [4] are activated during visual functions. The appearance of activity in these areas can be used to confirm the validity and reliability of this experiment. However, the MCC is not frequently mentioned in the language field. According to Hoffstaedter et al. (2014), the MCC is involved in the cognitive control of movement generation or intentional motor control [39], and the specific function of the MCC during the writing process may require further investigation.



Second, when examining the language effects across the different tasks, the experimental group showed lower levels of brain activation when translating Chinese text into English compared with the comparison group. This may be associated with the stronger activation observed for the experimental group in the motor-related areas, such as the left postcentral and right cerebellum, compared with the comparison group during the Chinese transcription task. This phenomenon might be relevant to the adjustment to the weird postures lied inside the fMRI machine during the first task among the experimental-group participants. After they became familiar with the context, they might have become more efficient and comfortable during the later tasks. By contrast, no similar adjustment was observed for the comparison group because the task sequence was presented randomly, preventing the identification of a clear learning curve associated with any specific task. When examining the individual conditions, the comparison group showed stronger activation during the comprehension of topic figures and reading phases within each task. As the comparison group had the opportunity to see these topic figures as their first task, they did not display the efficient and relaxed status observed for the experimental group and instead displayed higher activations during each task. The randomized order of presentation might increase the risk-taking opportunities, the level of difficulty, and the cognitive load for the comparison group during each task than the experimental group.



The comparison group showed stronger activation in the left IFG triangular area (Figure 4), which has been consistently demonstrated to be relevant to language processing [18]. This result suggested the comparison group consumed more energy when translating texts from Chinese to English. Although similar areas (the left IFG opercula and triangular area) were activated in the experimental group, the level of activation was weaker than in the comparison group. As this task involved the simple transfer of information between two languages, these results have interesting implications for EFL acquisition. The learning effect observed that was observed in the experimental group was not as apparent in the comparison group. The language functions that were operational to perform the transfer between these two languages were more obvious in the comparison group than in the experimental group. This finding indicated that the comparison group concentrated more strongly on language control when shifting from one language to another.



The experimental group displayed reduced activation when drafting during the storytelling task in English. Figure 5 demonstrates the differences between Tasks 3 (drafting in Chinese) and 4 (drafting in English). For the experimental group, brain activations were not strong in the language-related areas, but significantly increased activation was observed in the cerebellum and motor areas compared with the comparison group. The negative activation of the left PG may be associated with the logographic property of Chinese compared with the English alphabetic system, resulting in Chinese characters requiring more sophisticated motions and coordination than the English alphabet.



During the writing of the conclusion, no significant difference was observed between groups, which might indicate that conclusion writing does not require significant brain resources for participants. They were able to retrieve previous wording and then generate a one-sentence summary.



Third, the results of the learning effect showed the experimental group presented with significantly reduced levels of brain activation in the language area (i.e., the left IFG) than the comparison group. The sequential task order used in the experimental group may have provided a learning effect that assisted with the performance of these tasks in a smooth and consistent manner. The scaffolding approach assisted the experimental group with the drafting process and reduced their cognitive loads during language processing tasks. By contrast, the presentation of tasks in a randomized order might increase the difficulty of the writing process, as the comparison group was unable to predict subsequent tasks. The added difficulty associated with this unpredictability might induce increased cognitive load, triggering an increase in the level of blood infusion into the left IFG area to help solve problems.



Lastly, the experimental group showed stronger activation in two areas, the left PG and right caudate, during Chinese writing compared with English. The experimental group had stronger activation in the left PG, a motor area known to be associated with the movement of the right hand. The scaffolding approach provided practice during the first task in Chinese, which may have made the subsequent task performed in English easier for the experimental group. The right caudate serves as an important node during the acquisition of second languages and controls the processes during multilingual or polyglottal activities [40]. The activation of the right caudate indicated that the experimental group experienced better control of switching between languages.




4.3. Implications and Limitations


The results of this study lead to three implications. For educational settings, the introduction of fMRI technology can supply physiological evidence to verify the effectiveness of teaching and learning techniques, in addition to evaluating traditional behavioral measurements. In the EFL learning context, studying the language switching effect can be used to provide a deeper understanding of how the human brain works when transitioning between languages. For healthcare professionals, the pattern of brain activation measured in healthy adults can be used for later comparisons. Understanding efficient practices for teaching writing may facilitate the training and diagnosis of individuals with dysfunctional language processing. Finally, although the scaffolding approach has been widely recognized, scaffolding is not a panacea that is suitable for every context. For those teachers who would like to provide additional challenges or design a flipped classroom as a pedagogical approach, scaffolding represents only one of several options.



Four limitations are proposed for the current study: First, the teaching and researching context was a nursing university, and most of the participants in this study were women. Although we attempted to balance the gender ratio, we encountered difficulty and limitations during recruitment. Second, the fMRI machine was in a teaching hospital and was installed for clinical diagnosis, not designated for research. The machine availability and reliability were out of our control. Third, because the fMRI machine was in an isolated and restricted space, free from magnetic objects, tracking devices, such as video cameras, eye-tracking technology, and tablets were difficult to incorporate. We were not able to develop a mechanism for the detailed monitoring of the writing process during task performance. The exact times when they started, paused, or stopped writing were unknown. Fourth, the assessment criteria for the writing outcomes were implemented long before the introduction of fMRI technology, and the discrepancy between the two measurements made them incomparable to some findings and results.





5. Conclusions


This study was an experimental comparison between two groups of young, healthy adults who performed four handwritten writing tasks using two languages while being monitored inside of an fMRI machine. The behavior results showed the experimental group performed better during drafting tasks than the comparison group, especially during Task 3 (drafting in Chinese). The fMRI results revealed the brain activation patterns observed in this study corresponded with those identified during previous brain research, confirming the validity and reliability of our study. The experimental group also demonstrated significantly reduced activation in the language areas (i.e., the left IFG) than the comparison group. The guided-writing approach might have helped the participants scaffold their drafting process, reducing the cognitive loads associated with the language processing functions.



The experimental group also showed reduced brain activation levels during English translation and writing than the comparison group. The step-by-step instruction might reduce the participants’ cognitive load when controlling the switch to the English language. The fMRI research provides physical evidence to support the behaviorists’ viewpoint that scaffolding represents a valuable teaching strategy for the teaching and learning of EFL writing.
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Appendix A. Writing Task Samples
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Figure A1. Task 3—Writing in Chinese; Task 4—Writing in English. 
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Appendix B. Additional Facilities
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Figure A2. Layout of this experiment. 
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Figure A3. The writing pad. 
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Figure A4. The projection screen. 
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Appendix C. Further MANOVA Test
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Table A1. Univariate Effects for “Group” Adjusted by Language Competence.
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Dependent

Variables

	
df/

df Error

	
F

	
Group

	
Means

	
99.9% Confidence Interval

	
Cohen’s d

	
Effect

Size r




	
Lower

	
Upper






	
Task 1

	
Readability

	
1

	
0.01

	
Experiment

	
4.02

	
3.36

	
4.69

	
0.08

	
0.04




	
50

	
Comparison

	
4.05

	
3.37

	
4.73




	
Speed

	
1

	
0.04

	
Experiment

	
4.03

	
3.19

	
4.74

	
0.07

	
0.03




	
50

	
Comparison

	
3.97

	
3.25

	
4.83




	
Holistic

	
1

	
0.09

	
Experiment

	
4.10

	
3.43

	
4.64

	
0.21

	
0.10




	
50

	
Comparison

	
4.17

	
3.61

	
4.85




	
Task 2

	
Readability

	
1

	
1.64

	
Experiment

	
3.93

	
3.29

	
4.57

	
0.37

	
0.18




	
50

	
Comparison

	
3.58

	
2.93

	
4.23




	
Speed

	
1

	
1.63

	
Experiment

	
4.03

	
3.42

	
4.65

	
0.38

	
0.19




	
50

	
Comparison

	
3.70

	
3.07

	
4.32




	
Content

	
1

	
20.20 **

	
Experiment

	
3.73

	
3.21

	
4.35

	
1.37

	
0.57




	
50

	
Comparison

	
2.67

	
2.03

	
3.20




	
Structure

	
1

	
13.94 **

	
Experiment

	
3.67

	
3.15

	
4.25

	
1.14

	
0.50




	
50

	
Comparison

	
2.81

	
2.21

	
3.33




	
Grammar

	
1

	
3.29

	
Experiment

	
2.96

	
2.40

	
3.60

	
0.61

	
0.29




	
50

	
Comparison

	
2.51

	
1.85

	
3.07




	
Vocabulary

	
1

	
10.40

	
Experiment

	
3.20

	
2.63

	
3.90

	
1.02

	
0.45




	
50

	
Comparison

	
2.37

	
1.67

	
2.95




	
Punctuation

	
1

	
0.44

	
Experiment

	
3.54

	
2.93

	
4.26

	
0.28

	
0.14




	
50

	
Comparison

	
3.36

	
2.63

	
3.99




	
Holistic

	
1

	
4.49

	
Experiment

	
3.48

	
2.95

	
4.09

	
0.70

	
0.33




	
50

	
Comparison

	
2.97

	
2.35

	
3.51




	
Task 3

	
Readability

	
1

	
1.53

	
Experiment

	
3.97

	
3.24

	
4.62

	
0.27

	
0.14




	
50

	
Comparison

	
3.61

	
2.95

	
4.36




	
Speed

	
1

	
22.71 **

	
Experiment

	
4.06

	
3.41

	
4.67

	
1.31

	
0.55




	
50

	
Comparison

	
2.78

	
2.16

	
3.45




	
Content

	
1

	
20.43 **

	
Experiment

	
3.92

	
3.28

	
4.58

	
1.33

	
0.55




	
50

	
Comparison

	
2.67

	
1.99

	
3.32




	
Structure

	
1

	
20.61 **

	
Experiment

	
4.07

	
3.41

	
4.74

	
1.31

	
0.55




	
50

	
Comparison

	
2.78

	
2.09

	
3.45




	
Grammar

	
1

	
26.06 **

	
Experiment

	
4.20

	
3.53

	
4.84

	
1.42

	
0.58




	
50

	
Comparison

	
2.79

	
2.14

	
3.47




	
Vocabulary

	
1

	
42.83 **

	
Experiment

	
4.17

	
3.55

	
4.74

	
1.83

	
0.67




	
50

	
Comparison

	
2.52

	
1.93

	
3.14




	
Punctuation

	
1

	
8.52

	
Experiment

	
4.22

	
3.65

	
4.80

	
0.85

	
0.39




	
50

	
Comparison

	
3.51

	
2.92

	
4.09




	
Holistic

	
1

	
23.94 **

	
Experiment

	
4.13

	
3.54

	
4.68

	
1.36

	
0.56




	
50

	
Comparison

	
2.94

	
2.37

	
3.54




	
Task 4

	
Readability

	
1

	
3.70

	
Experiment

	
3.68

	
3.11

	
4.22

	
0.53

	
0.26




	
50

	
Comparison

	
3.22

	
2.67

	
3.80




	
Speed

	
1

	
10.05

	
Experiment

	
3.89

	
3.37

	
4.48

	
0.98

	
0.44




	
50

	
Comparison

	
3.16

	
2.55

	
3.68




	
Content

	
1

	
17.75 **

	
Experiment

	
3.45

	
2.88

	
4.08

	
1.27

	
0.54




	
50

	
Comparison

	
2.38

	
1.74

	
2.96




	
Structure

	
1

	
11.46

	
Experiment

	
3.36

	
2.81

	
4.01

	
1.06

	
0.47




	
50

	
Comparison

	
2.51

	
1.85

	
3.08




	
Grammar

	
1

	
2.25

	
Experiment

	
2.83

	
2.33

	
3.45

	
0.57

	
0.27




	
50

	
Comparison

	
2.49

	
1.86

	
2.99




	
Vocabulary

	
1

	
8.35

	
Experiment

	
3.15

	
2.57

	
3.88

	
0.94

	
0.43




	
50

	
Comparison

	
2.39

	
1.64

	
2.97




	
Punctuation

	
1

	
1.69

	
Experiment

	
3.42

	
2.81

	
4.15

	
0.48

	
0.23




	
50

	
Comparison

	
3.06

	
2.32

	
3.68




	
Holistic

	
1

	
5.83

	
Experiment

	
3.33

	
2.79

	
3.95

	
0.78

	
0.36




	
50

	
Comparison

	
2.74

	
2.11

	
3.29








Note: ** p < 0.001.
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Figure 1. Figures of the storytelling composition. 
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Figure 2. Protocol of the experiment. 
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Figure 3. Handwriting Task 1: Transcription in Chinese. 
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Figure 4. The language effect among different tasks. 
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Figure 5. Learning effect between two groups: [(Task 2 + Task 4) − (Task 3 + Task 1)]. 
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Table 1. Outcome measure criteria for the four writing tasks.
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Task

	
Criterion 1

	
2

	
3

	
4

	
5

	
6

	
7

	
8






	
1

	
Transcribe in Chinese

	
readability

	
speed

	
-

	
-

	
-

	
-

	
-

	
holistic




	
2

	
Translate in English

	
readability

	
speed

	
content

	
structure

	
grammar

	
vocabulary

	
punctuation

	
holistic




	
3

	
Draft in Chinese

	
readability

	
speed

	
content

	
structure

	
grammar

	
vocabulary

	
punctuation

	
holistic




	
4

	
Draft in English

	
readability

	
speed

	
content

	
structure

	
grammar

	
vocabulary

	
punctuation

	
holistic








The 0–5 grading standards of the writing tasks were: 0—unanswered or equivalent. 1—only little part answers to the question, and seriously affects the reader’s comprehension. 2—partly answer to the question, and readers had to read carefully to comprehend. 3—mostly answer to the question and the reader can comprehend without much difficulty, but still have some grammar and vo-cabulary mistakes. 4—clearly answer to the question and the reader can comprehend easily with minor grammar or vocabulary mistakes. 5—clearly answer to the question and the reader can comprehend easily, and there is almost no grammar or vocabulary mistake.
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Table 2. Univariate effects for “Group” of the MANOVA test.
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Dependent

Variables

	
df/

df Error

	
F

	
Group

	
Means

	
99.9% Confidence Interval

	
Cohen’s d

	
Effect

Size r




	
Lower

	
Upper






	
Task 1

	
Readability

	
1

	
0.08

	
Experiment

	
4.00

	
3.35

	
4.65

	
0.08

	
0.04




	
51

	
Comparison

	
4.08

	
3.41

	
4.74




	
Speed

	
1

	
0.06

	
Experiment

	
3.96

	
3.19

	
4.74

	
0.07

	
0.03




	
51

	
Comparison

	
4.04

	
3.25

	
4.83




	
Holistic

	
1

	
0.61

	
Experiment

	
4.04

	
3.43

	
4.64

	
0.21

	
0.10




	
51

	
Comparison

	
4.23

	
3.61

	
4.85




	
Task 2

	
Readability

	
1

	
1.78

	
Experiment

	
3.93

	
3.29

	
4.57

	
0.37

	
0.18




	
51

	
Comparison

	
3.58

	
2.93

	
4.23




	
Speed

	
1

	
1.89

	
Experiment

	
4.04

	
3.42

	
4.65

	
0.38

	
0.19




	
51

	
Comparison

	
3.69

	
3.07

	
4.32




	
Content

	
1

	
24.79 **

	
Experiment

	
3.78

	
3.21

	
4.35

	
1.37

	
0.57




	
51

	
Comparison

	
2.62

	
2.03

	
3.20




	
Structure

	
1

	
17.23 **

	
Experiment

	
3.70

	
3.15

	
4.25

	
1.14

	
0.50




	
51

	
Comparison

	
2.77

	
2.21

	
3.33




	
Grammar

	
1

	
4.84

	
Experiment

	
3.00

	
2.40

	
3.60

	
0.61

	
0.29




	
51

	
Comparison

	
2.46

	
1.85

	
3.07




	
Vocabulary

	
1

	
13.68

	
Experiment

	
3.26

	
2.63

	
3.90

	
1.02

	
0.45




	
51

	
Comparison

	
2.31

	
1.67

	
2.95




	
Punctuation

	
1

	
1.10

	
Experiment

	
3.59

	
2.93

	
4.26

	
0.28

	
0.14




	
51

	
Comparison

	
3.31

	
2.63

	
3.99




	
Holistic

	
1

	
6.38

	
Experiment

	
3.52

	
2.95

	
4.09

	
0.70

	
0.33




	
51

	
Comparison

	
2.93

	
2.35

	
3.51




	
Task 3

	
Readability

	
1

	
0.93

	
Experiment

	
3.93

	
3.24

	
4.62

	
0.27

	
0.14




	
51

	
Comparison

	
3.65

	
2.95

	
4.36




	
Speed

	
1

	
22.69 **

	
Experiment

	
4.04

	
3.41

	
4.67

	
1.31

	
0.55




	
51

	
Comparison

	
2.81

	
2.16

	
3.45




	
Content

	
1

	
22.90 **

	
Experiment

	
3.93

	
3.28

	
4.58

	
1.33

	
0.55




	
51

	
Comparison

	
2.65

	
1.99

	
3.32




	
Structure

	
1

	
22.79 **

	
Experiment

	
4.07

	
3.41

	
4.74

	
1.31

	
0.55




	
51

	
Comparison

	
2.77

	
2.09

	
3.45




	
Grammar

	
1

	
26.64 **

	
Experiment

	
4.19

	
3.53

	
4.84

	
1.42

	
0.58




	
51

	
Comparison

	
2.81

	
2.14

	
3.47




	
Vocabulary

	
1

	
43.90 **

	
Experiment

	
4.15

	
3.55

	
4.74

	
1.83

	
0.67




	
51

	
Comparison

	
2.54

	
1.93

	
3.14




	
Punctuation

	
1

	
9.48

	
Experiment

	
4.22

	
3.65

	
4.80

	
.85

	
0.39




	
51

	
Comparison

	
3.50

	
2.92

	
4.09




	
Holistic

	
1

	
24.40 **

	
Experiment

	
4.11

	
3.54

	
4.68

	
1.36

	
0.56




	
51

	
Comparison

	
2.96

	
2.37

	
3.54




	
Task 4

	
Readability

	
1

	
3.71

	
Experiment

	
3.67

	
3.11

	
4.22

	
0.53

	
0.26




	
51

	
Comparison

	
3.23

	
2.67

	
3.80




	
Speed

	
1

	
12.86

	
Experiment

	
3.93

	
3.37

	
4.48

	
0.98

	
0.44




	
51

	
Comparison

	
3.12

	
2.55

	
3.68




	
Content

	
1

	
21.43 **

	
Experiment

	
3.48

	
2.88

	
4.08

	
1.27

	
0.54




	
51

	
Comparison

	
2.35

	
1.74

	
2.96




	
Structure

	
1

	
14.75 **

	
Experiment

	
3.41

	
2.81

	
4.01

	
1.06

	
0.47




	
51

	
Comparison

	
2.46

	
1.85

	
3.08




	
Grammar

	
1

	
4.19

	
Experiment

	
2.89

	
2.33

	
3.45

	
0.57

	
0.27




	
51

	
Comparison

	
2.42

	
1.86

	
2.99




	
Vocabulary

	
1

	
11.72

	
Experiment

	
3.22

	
2.57

	
3.88

	
0.94

	
0.43




	
51

	
Comparison

	
2.31

	
1.64

	
2.97




	
Punctuation

	
1

	
3.09

	
Experiment

	
3.48

	
2.81

	
4.15

	
0.48

	
0.23




	
51

	
Comparison

	
3.00

	
2.32

	
3.68




	
Holistic

	
1

	
8.02

	
Experiment

	
3.37

	
2.79

	
3.95

	
0.78

	
0.36




	
51

	
Comparison

	
2.70

	
2.11

	
3.29








Note: ** p < 0.001.
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Table 3. Experimental-group outcomes for Task 1: Transcription in Chinese.






Table 3. Experimental-group outcomes for Task 1: Transcription in Chinese.





	
Structure

	
Anatomy

	
Abbreviation

	
Hemisphere

	
x, y, z

	
T-Value

	
Cluster Size






	
Lateralized Regions




	
Precentral_L

	
Primary Motor Cortex

	
M1

	
L

	
−40, −24, 58

	
14.16

	
2074




	
Postcentral_L

	
Primary Somatosensory Cortex

	
S1

	
L

	
−36, −36, 58

	
11.45

	
2465




	
Supp_Motor_Area_L

	
Supplementary Motor Area

	
SMA

	
L

	
−8, −8, 64

	
10.01

	
1412




	
SupraMarginal_L

	
Supramarginal Gyrus

	
SMG

	
L

	
−44, −30, 24

	
8.19

	
599




	
Thal_VPL_L

	
Thalamus

	
THA

	
L

	
−16, −20, 8

	
8.28

	
158




	
Angular_R

	
Angular Gyrus

	
ANG

	
R

	
30, −58, 44

	
6.03

	
96




	
Bilateral Regions




	
Frontal_Sup_R

	
Superior Frontal Gyrus

	
SFG

	
R

	
26, −4, 54

	
7.68

	
495




	
Frontal_Sup_L

	

	

	
L

	
−24, −8, 54

	
8.95

	
527




	
Frontal_Inf_Oper_R

	
Inferior Frontal Gyrus

	
IFG

	
R

	
54, 8, 26

	
7.51

	
366




	
Frontal_Inf_Oper_L

	
(pars opercularis)

	
Broca’s area

	
L

	
−54, 6, 14

	
6.47

	
160




	
Rolandic_Oper_R

	
Rolandic operculum

	
ROL

	
R

	
40, 2, 14

	
5.88

	
148




	
Rolandic_Oper_L

	

	

	
L

	
−44, −2, 14

	
7.97

	
616




	
Insula_R

	
Insula

	
INS

	
R

	
34, 20, 12

	
7.47

	
470




	
Insula_L

	

	

	
L

	
−32, 18, 12

	
5.17

	
280




	
Cingulate_Mid_R

	
Midcingulate Cortex

	
MCC

	
R

	
10, 0, 34

	
5.5

	
249




	
Cingulate_Mid_L

	

	

	
L

	
−10, 0, 36

	
5.55

	
363




	
Parietal_Sup_R

	
Superior Parietal Gyrus

	
SPG

	
R

	
24, −60, 54

	
8.2

	
685




	
Parietal_Sup_L

	

	

	
L

	
−26, −60, 62

	
8.44

	
1103




	
Parietal_Inf_R

	
Inferior Parietal Gyrus

	
IPG

	
R

	
36, −44, 50

	
5.55

	
246




	
Parietal_Inf_L

	

	

	
L

	
−38, −42, 44

	
6.28

	
994




	
Temporal_Mid_R

	
Middle Temporal Gyrus

	
MTG

	
R

	
50, −60, −2

	
6.98

	
285




	
Temporal_Mid_L

	

	

	
L

	
−46, −66, 8

	
6.25

	
388




	
Temporal_Inf_R

	
Inferior Temporal Gyrus

	
ITG

	
R

	
50, −58, −12

	
9.95

	
422




	
Temporal_Inf_L

	

	

	
L

	
−46, −54, −14

	
6.83

	
227




	
Occipital_Mid_R

	
Middle Occipital Gyrus

	
MOG

	
R

	
34, −72, 24

	
6.45

	
493




	
Occipital_Mid_L

	

	

	
L

	
−44, −68, 0

	
7.84

	
524




	
Occipital_Inf_R

	
Inferior Occipital Gyrus

	
IOG

	
R

	
40, −72, −12

	
7.74

	
303




	
Occipital_Inf_L

	

	

	
L

	
−44, −72, −16

	
6.44

	
581




	
Fusiform_R

	
Fusiform Gyrus

	
FFG

	
R

	
38, −56, −22

	
6.89

	
938




	
Fusiform_L

	

	
(VWFA)

	
L

	
−42, −58, −18

	
5.86

	
230




	
Cerebellum




	
Vermis_6

	
Cerebellum

	
(global maxima)

	
--

	
6, −62, −20

	
14.48

	
371




	
Cerebellum_4_5_R

	

	

	
R

	
16, −52, −22

	
12.26

	
732








Note: p < 0.05 FEW at peak level (uncorrected p = 6.2693 × 10−6, T = 4.4393).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





media/file13.png
(

uolisnjduo)

g a e S B 5
Task 1: text 4 o 3 =3
(2 sec./word) o & & &

——) S [—) = [— S —)
Task 2: text = = = =~
(4 sec./word) = = = =
) L ™ D ™
Dumr:y scan 1 T 1 t
(6 sec.) ‘ 1 Resting interval (20 sec.) ‘
. ~

Task 3: Figures o o 2 <
(2 sec./word) E UQQ_ da da

Task 4: Figures ' P — S = g = g
(4 sec./word) & Q ‘ﬁ !

~ / = 2 g g

> o o
N S S

Task 1

(190 sec. total)

Task 2

(238 sec. total)

~N

/

-

Task 3

(300 sec. total)

Task 4

(470 sec. total)

\






media/file12.jpg
e

|

[

Task 3: Figures| g
(@ sec./word) b2
Task 4: Figures| |
@ sec./word) 8
N =

wondysap By 1T

uondysap By puz|

uondiosap By pig

uosnpuoy

= N w N
Task L: text 2 2 a El Task1
sec/word) L ) 8 L8 R (1905ec. total)
Task 2: text z z 2 E Task 2
(asec./word) 2 2 % 3 (238 sec. total)

3 3 3

R

B Resingmteral @5

Task 3
(300 sec. total)

Task 4
(470 sec. total)






media/file3.jpg





media/file18.jpg





media/file14.jpg
Experimental group (scaffolding)

a0 0 0 7R AR
iy &) & &

€

p<0.05 FWE at peak level





media/file19.jpg
aﬂﬁﬁ.*‘

LI Y Y.
8866000k

8006000 ®

$00000]S





media/file7.jpg





media/file15.png
Experimental group (scaffolding)

48

EDEDp "\}" "’\"‘!3 8 / “‘
0".

\J \_,/ \/
i

290088
00@@@@

8886889
_ \@@@@@

p < 0.001 uncorrected at peak level

p < 0.05 FWE at peak level





media/file6.png





nav.xhtml


  brainsci-11-01378


  
    		
      brainsci-11-01378
    


  




  





media/file11.png





media/file2.png
3T B .

(Writing in English)

BXE
(Writing in English)

#H(AR)

(Topic reading, NO writing)






media/file20.png
Experimental group Experimental group

p < 0.05 FWE corrected at cluster level

p < 0.05 FWE corrected at peak level





media/file10.jpg





media/file5.jpg





media/file1.jpg
BYRIE +

(Writing in English)

1 4
e
Witing in English)
+ 5
o
2 5
HE(TH)
Copic reaing NOwiting)
+






media/file16.jpg





media/file0.png





media/file17.png
Text writing [Task 2 — Task 1] Text writing [Task 2 — Task 1]

Experimental group Comparison group

QQQ@

_C@@O
000000

p <0.001 uncorrected at peak level p <0.001 uncorrected at peak level
Figure description [Task 4 — Task 3] Figure description [Task 4 — Task 3]
Experimental group Comparison group

’OQQQ 'QQQQ

800000)000000

p <0.001 uncorrected at peak level p <0.001 uncorrected at peak level






media/file8.png





media/file21.png
Comparison group Comparison group

p < 0.05 FWE corrected at cluster level

p < 0.05 FWE corrected at peak level





