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Abstract

Visual feedback is essential in second language acquisition, especially for tasks that require
learners to produce written descriptions of images—such as IELTS Writing Task 1—or interpret
visual data in analytical writing. While recent CALL systems have begun incorporating
multimodal techniques, many still rely on static images and text-based corrections, failing to
address individual learners' specific errors. To address this gap, we developed VividWrite, an
intelligent writing assistant that leverages an image synthesis model to produce personalized,
real-time graphical representations that highlight descriptive inaccuracies while preserving the
original images' visual style. Using a within-subjects design, 50 university-level EFL learners first
completed a pre-intervention writing task, participated in guided sessions using VividWrite, and
then completed a post-intervention assessing improvements in task accuracy, coherence, and
lexical precision. Results showed significant improvements in accurately describing visual data,
with notable gains in vocabulary precision. Moreover, we investigated students’ perceptions of
usability, writing motivation, and perceived need for teacher support. While most participants
found the app beneficial, some highlighted the need for additional instructional scaffolding. These
findings suggest that personalized, Al-driven visual feedback can serve as an effective pedagogical
tool in CALL environments, with promising implications for broader applications across diverse
linguistic tasks.

Keywords: visual feedback, multimodal GenAl; analytical writing; intelligent writing assistant;
Second Language Acquisition.

1. Introduction

Visual corrective feedback integrates visual elements—such as color-coded highlights, graphs, or diagrams—
alongside corrective textual commentary to inform learners about inaccuracies in their language use. This
approach has been shown to reduce learners’ cognitive load, anxiety, and boredom, while also increasing their
willingness to write (Zou et al., 2025), and enhancing accuracy and motivation (Mahmood, 2024). According to
Dual Coding Theory (Paivio, 1991) and Multimedia Learning Theory (Mayer & Johanson, 2008), the integration
of multimodal stimuli facilitates deeper cognitive processing. Lee and Huang (2008) demonstrated that visual
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aids—such as boldfacing, underlining, and color coding of target grammatical features—increase learners’
awareness of grammatical forms.

IELTS Writing Task 1 requires test-takers to produce a written description of visual data such as charts, graphs,
tables, or diagrams. A common challenge is accurately identifying key trends and making appropriate
comparisons. Many learners struggle with inaccurate or irrelevant information, which undermines the clarity and
precision needed for high task achievement (Ahmadi et al., 2019). Effective revision involves recognizing and
correcting discrepancies between writing goals and the actual text, as well as identifying suitable alternatives for
unsatisfactory text (Barkaoui, 2007). In this context, describing visual data presents additional challenges, as it is
unclear how to detect mismatches or evaluate alternative text effectively.

Automated Writing Evaluation (AWE) tools—such as Grammarly—have been shown to enhance students'
writing performance by delivering immediate, individualized feedback on grammar, punctuation, style, and
mechanics (Parra & Calero, 2019). Students also reported increased motivation and engagement in the writing
process. According to Link et al. (2022), AWE tools support writing development by promoting frequent and
effective revisions, improving responsiveness to feedback, and enhancing grammatical accuracy with lasting
retention. They also help learners internalize language rules and foster autonomy through repeated, self-paced
practice. However, most AWE systems provide primarily text-based feedback and often lack support for
multimodal inputs, which limit their effectiveness in tasks that require visual data interpretation.

An intelligent and interactive writing assistant is a system that autonomously generates or enhances text while
actively engaging with the user’s input throughout the writing process—offering not only corrections but also
supporting self-reflection that goes beyond traditional AWE tools (Lee et al., 2024). Recent tools leverage large
language models (LLMs) and often output visual feedback. Graphologue dynamically transforms LLM
responses into interactive node-link diagrams, enabling users to explore entities and relationships graphically
(Jiang et al., 2023). VISAR supports the planning and revision of argumentative writing through an interactive
hierarchical diagram that synchronizes visual and textual outlines (Zhang et al., 2023). Building on this line of
research and bridging the research gaps identified above, we developed VividWrite, an application that produces
visual feedback to highlight descriptive inaccuracies to support learners in the visual data description tasks.

2. VividWrite

We introduce VividWrite, an intelligent writing assistant designed to enhance second language learners’ ability to
describe visual data through visual corrective feedback. VividWrite integrates an image-to-text transformer
model, DePlot (Liu et al., 2023), with GPT-40, a large language model from OpenAl, to dynamically produce
graphical representations that highlight individual learners’ descriptive inaccuracies.

The process begins when the learner submits a descriptive text (see Figure 1). GPT-40 extracts linguistic features
such as numbers, spatial relations, and comparisons. Simultaneously, the target image undergoes feature
extraction: GPT-40 analyses color schemes and layout, while DePlot captures sequential quantitative data. These
outputs are combined in the Data-driven Visualization Module. The module produces a JSON file used by the
application to generate visual feedback with potential error markers, while preserving the original image's style.
In parallel, the textual data are evaluated to generate grammar, vocabulary, and coherence scores, accompanied
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Figure 1. System architecture of VividWrite, from learner input to multimodal feedback generation.

by targeted suggestions for improvement.
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VividWrite's interface is designed to guide learners through the writing and feedback process in a clear and
intuitive manner (see Figure 2). Users begin by entering their username, which allows their progress to be
tracked over time. The main writing area is positioned alongside the original target image, enabling learners to
easily refer to visual data while composing their responses. The text area supports flexible editing for both brief
responses and more detailed, multi-paragraph work.

€ VividWrite

= Requirement

. . N R Please enter your username:
The bar chart below shows the total number of minutes (in billions) of telephone calls in

Australia, divided into three categories, from 2001- 2008. Summarise the information by selecting A

and reporting the main features and make comparisons where relevant. Write at least 150 words.

¢ Student Answer
{4l Original Image .

B Please write your answer here:
Australia telephone calls by category from 2001-2008

= Local fed e cals The given chart depicts the time Australian residents spent on varying types of telephone
o T e calls between 2001 and 2008.

Local fixed line calls were the highest throughout this period, upsurging from 72 billion
L minutes to under 90 billion in 2003. Following year, this figure peaked at 90 billion.

if Post this, by 2008, it had a downtrend and fell back to the figure of 2001. Both national and
2 international fixed line calls grew gradually from 38 billicn to 61 billion toward the end of the
e
H period in question. However, the progress decelerated over the last two years.
] Also, dramatic growth can be seen in mobile calls from 2 billion to 46 billion minutes. This

increase was specifically noticed between 2005 and 2008. During this time, the mobile
phone’s use got tripled. In 2008, although local fixed line calls were still popular, the gap
between these three categories narrowed significantly over the second half of this period.

==

/,/ Student Gra ph [% Student-based chart and writing suggestions generated successfully!

The given chart depicts the time Australian residents spent an varying types of telephone calls between 2001 and 2008.

- fard

= e | Wrriting Suggestions E

[Grammar Score]: 8/10

[Grammiar Issues]: The grammar is generally strong, with only minor issues. There is a slight inconsistency
in verb tense usage, such as "upsurging" instead of "surged" and "got tripled” instead of "tripled."
Additionally, the phrase "Post this" is informal and could be replaced with "After this."

[Grammar Suggestions]: Ensure verb tenses are consistent and appropriate for the context. Use "surged"
instead of "upsurging” and "tripled"” instead of "got tripled.” Replace informal phrases like "Post this" with

“After this" for a more formal tone.

[Vocabulary Score]: 7/10
D [Vocabulary Issues]: The vocabulary is appropriate but somewhat limited in range. Words like "upsurging”

Student Graph and "got tripled” are less precise. The use of "dramatic growth" is effective, but more varied expressions

could enhance the description.

[Vocabulary Suggestions]: Expand vocabulary by using more precise terms. For example, use "increased
significantly” instead of "upsurging” and "tripled” instead of “got tripled." Consider using synonyms for
“growth” to add variety, such as "expansion” or "escalation.”

[Coherence Score]: 9/10

[Coherence Issues]: The composition is well-organized, with a clear progression of ideas. The flow of
information is logical, and the connections between sentences and paragraphs are effective. However, the
transition between discussing local fixed line calls and mobile calls could be smoother.

[Coherence Suggestions): To improve coherence, use transitional phrases to better connect sections. For
example, "In contrast to the decline in local fixed line calls, mobile calls experienced...” This will help

maintain a seamless flow between different parts of the analysis.

Figure 2. Main interface of VividWrite. (A) Username entry; (B) Task response input; (C) Button to generate
visual representation of the target image description; (D) Student Graph as the visual feedback; (E) Writing
suggestions with grammar, vocabulary, and coherence scores plus improvement suggestions.

Below the writing area, the “Generate Graph” button triggers the creation of a Student Graph—a visual
representation of the learner’s written description. By comparing this generated graph with the original image,
learners can identify potential misinterpretations or omissions. This feature also helps learners compare their
interpretation with the actual data trends. Alongside the graph, the system also provides scores and improvement
tips for grammar, vocabulary, and coherence. Altogether, they promote self-assessment and reflection.
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3. Method

3.1. Participants

The participants were 50 Chinese undergraduate university students, all of whom had prior experience with
standardized English proficiency tests such as IELTS or TOEFL. Most had IELTS scores between 5.5 and 7.0
(88%), while 4% scored 5.0 or below, and 8% scored 7.5 or above. Approximately 85% were enrolled in
science-related faculties, including computer science, engineering, and mathematics, while the remaining
participants came from language and business programs.

3.2. Procedure

The study utilized a within-subject pre—post design. In the pre-intervention phase, participants completed an
IELTS Task 1 visual data description (~ 150 words; 15-20 minutes) without feedback. During the intervention,
they attended introductory sessions with multiple examples, and used VividWrite to receive visual feedback on
discrepancies between their text and the target graph. Participants then revised their essays using the
application's suggestions within 10-15 minutes and could regenerate visual feedback as needed. After
completing these revisions, they filled out a follow-up questionnaire assessing the tool's perceived usability.

3.3. Data collection

Participants were assigned unique usernames to log into VividWrite, which stored their initial writing responses,
subsequent revision attempts, and the corresponding visual feedback. At the end of the intervention, they
completed an online questionnaire consisting of eight sections: demographics, writing motivation, system
usability, perceived usefulness of visual feedback for revision, style similarity between the original data and
generated graphs, perceived accuracy of visual feedback, and perceived need for teacher support, measured on a
five-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). Two open-ended questions were also
included to capture participants’ subjective impressions and suggestions for improvement.

4. Results

All 50 participants completed both the pre- and post-VividWrite intervention tasks, as well as the questionnaire.
Table 1 presents the results for all the questionnaire items. All six questionnaire dimensions demonstrated
satisfactory internal consistency, with Cronbach’s alpha values exceeding the commonly accepted threshold of
0.70, indicating reliable measurement of each construct.

Table 1. Survey statements and results.

(n=50)
Dimension Statement M SD Cronbach
o
Writing Motivation I enjoyed using VividWrite to correct my essay. 3.9 0.909 0.867
The visual feedback given by VividWrite is attractive. 4.04 1.049
The writing suggestions given by VividWrite are attractive. 3.84 1.017
I look forward to using VividWrite in the future. 4.1 1.035
Learning IELTS with VividWrite is interesting. 3.98 0.937
T actively think about what I have learned by using VividWrite. 4.32 0.741
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Teacher Support

support (e.g. a teacher’s step-by-step guidance in using and
understanding visual feedback).

System Usability VividWrite is easy to use. 432 0.819 0.882
VividWrite’s system performance (both visual feedback and writing 3.86 1.195
suggestions) was consistent.

VividWrite’s response time was acceptable to me. 4.08 0.944
The writing suggestions section was clearly displayed. 4 0.948
The visual feedback section in VividWrite was clearly displayed. 4.36 0.693
The visual feedback in VividWrite displayed the content of essay clearly 4.22 0.84
The visual feedback in VividWrite was easy to understand. 4.36 0.749

Helpfulness of Visual | The visual feedback in VividWrite is useful for improving my essay. 4.18 0.873 0.861

Feedback and quantitative (i.e. numeric data) descriptions.

The visual feedback in VividWrite accurately shows the mistakes in my 3.92 1.066
essay

The visual feedback in VividWrite helped me improve my understanding 4.06 0.913
of spatial (i.e. comparisons between patterns/trends)

The visual feedback in VividWrite helped me organize my understanding 4.04 0.989
of spatial and quantitative descriptions.

The visual feedback in VividWrite helped me identify where I may lose 4.14 0.857
marks related to spatial and quantitative descriptions.

The tool supported me in organizing my essay. 3.7 1.055

Style Similarity The structure and color of visual feedback is like the original graph. 4.36 0.663 0.816
The visual feedback had the same colors as the original graph. 3.84 1.131
The visual feedback had the same structure as the original graph. 4.12 0.961
If the information was correctly described in the essay, the visual 4.16 0.738
feedback would be the same as the original graph.

The color and structure of visual feedback is well-aligned with the 3.96 0.903

original graph while content of visual feedback is well-aligned with my

descriptions in the essay.

No matter how I change my descriptions in the essay, the color and 3.44 1.198

structure of visual feedback is consistent with the original graph.
Perceived Accuracy of | The visual feedback closely reflects the data or trends I discussed in my 4.06 0.843 0.883
Visual Feedback article.

I believe the spatial layout (e.g., axes, positioning) of the visual feedback 4.22 0.648

matches the descriptions in my essay.

The quantitative details (e.g., values, percentages) in the visual feedback 4.36 0.749

accurately correspond to those in my essay.

VividWrite can effectively convert the content of my essay into visual 4.36 0.631

feedback.

When describing a trend in my essays, the visual feedback represents that 4.2 0.728

trend clearly.

Overall, I trust that the visual feedback produced is faithful visualizations 4.14 0.783

of my essays content.
Perceived Need for | To use VividWrite more effectively, I will need additional instructional 3.54 1.014 0.745
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A teacher’s explanation on VividWrite’s visual feedback can make it 3.84 0.934
easier for me to understand and improve my essay.

In addition to feedback from VividWrite, I will still need separate 4.02 0.795
feedback on my essay from a teacher.

Even after receiving all the feedback from VividWrite, I still find it 3.02 1.301
difficult to write an accurate and coherent essay.

Receiving visual feedback and following a teacher’s guidance will make 4.42 0.673
my essay more organized and easier to understand.

When using VividWrite, I would like more help from the teacher during 4.24 0.847
different steps of essay like planning, writing the first essay or revising.

First, the Writing Motivation section—adapted from Song & Song (2023)—assessed whether VividWrite
enhanced learners’ interest in writing. With high internal consistency and a mean score of 4.030, results
indicated that students generally agreed the tool increased their motivation. The Usefulness of Visual Feedback
section (Lee et al., 2025; Ma et al., 2025; Li et al., 2025) also showed high reliability (M = 4.007), suggesting
that targeted Al-generated visual feedback effectively supported writing improvement.

Next, the System Usability Scale (Brooke, 1995; Escalante et al., 2023) yielded a mean score of 4.171, indicating
that students found VividWrite easy to use, with clear feedback and acceptable response times. Style Similarity,
following the design concept of Chung et al. (2025), scored 3.980, reflecting general agreement that generated
visuals matched source graphs, though perceptions of feedback stability varied. Perceived Accuracy scored
highest (M = 4.223), with students agreeing that visual feedback accurately represented their intended content.

However, Teacher Assistance in AI-Supported Writing (Escalante et al., 2023; Awadelkarim, 2021) scored only
3.85, indicating that learners still valued an instructor's guidance. Qualitative responses further highlighted visual
feedback as the tool’s greatest strength, praised for making writing more engaging. Suggested improvements
included clearer feedback formatting, such as using distinct background colors or highlighted modifications.

Finally, the results also present samples of learner responses showing improvements from pre- to post-
intervention. These illustrate enhanced task response through more accurate visual data descriptions, greater
coherence and cohesion with clearer idea progression, and richer lexical resource, including a broader
vocabulary range and more precise terminology for interpreting and comparing information.

Table 2. Sample improvement in task achievement with corresponding visual feedback.

Original Pie Chart

Proportion of people from each household type living in poverty

All households Couple, no children
14% ”%

Single aged person

Sole parent
26%

Couple with children
15%

single, no children
24%
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Pre-intervention Post-intervention

... Couple households showed moderate poverty Couple households showed moderate poverty

levels, accounting for 15% with children and 14% | levels, accounting for 15% with children and 9%

without children. without children. ...

Proportion of people from each household type living in poverty

Proportion of people from each hausehold type living in paverty

9.0% Couple, no chilrer
A housenolds
18.0%

Aged couple 20%

5.0%

single aged persan
Couple with children e S
15.0°

Aged couple
50%

Couple with children
Sole parent 15.0%

26.0%
e, no children

In the pre-intervention task, the visual feedback indicated that 9% was missing from the student’s description.
The underlined phrase highlights the error, where the student reported 14% instead of 9%. In the post-
intervention task, the student corrected this mistake, and the visual feedback aligned with the original pie chart,
accurately representing the key features of the task.

Table 3. Sample improvements in coherence, cohesion, and lexical resource.

Pre-intervention

Post-intervention

1) ... Also, the average free hours of
unemployed and retired men are about 80
hours while the women are 75 hours. Apart
from that, women got approximately 40 hours
free time in part-time job and 45 hours for
housewives. For full-time employees, men
have 8 hours more leisure time than women

which reached 45 hours per week.

2) Overall, the unemployed and retired men
spare most leisure time, about 82 hours and 80
hours, respectively.

3) These two types consists of exactly half of all

poor families

1)

2)

3)

... Looking at the figures in detail, the average
free hours of unemployed and retired men are
about 80 hours while the women are 75 hours.
Notably, the figures of men's leisure hours were
0 for part-time and housewives. In contrast,
women got approximately 40 hours free time in
part-time job and 45 hours for housewives. For
full-time employees, men have an average of 8
hours more leisure time than women which
reached 45 hours per week.

Overall, the unemployed and retired men
allocate most time to leisure activities, about 82
hours and 80 hours, respectively.

These two types comprise exactly half of all
poor families.

In the pre-intervention task, the student primarily listed key features in a mechanical manner, relying on basic
cohesive devices such as also and apart from that. In response to the writing suggestions provided by
VividWrite, the student incorporated more varied connectors, such as notably and in contrast, which more
clearly distinguished the data in the “part-time” and “housewives” categories, resulting in improved textual
coherence. The student also enhanced lexical precision in the final draft by using the verbs allocate and
comprise. However, it is worth noting that they did not adjust the tense to the past form.
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5. Discussion

Findings from the Writing Motivation and System Usability dimensions indicate that VividWrite was generally
perceived as engaging, easy to learn, and efficient to use. Most participants reported that the system fostered
greater interest in writing. While a few items revealed wider variation in responses, suggesting that some
students were less convinced of its motivational impact, the overall trend was positive. The high willingness to
continue using VividWrite points to its potential for sustained engagement. Together, these results suggest that
the tool supports both affective and functional aspects of writing, creating a user experience that encourages
ongoing practice.

Across the Usefulness of Visual Feedback, Style Similarity, and Perceived Accuracy dimensions, participants
expressed strong agreement that VividWrite’s visual feedback supported their writing development. Students
valued the system’s ability to highlight descriptive inaccuracies, clarify quantitative and spatial relationships, and
reveal potential scoring pitfalls. Perceived accuracy emerged as a notable strength, with learners trusting the
visual output to reflect their intended meaning. However, the lower ratings for feedback style consistency—
particularly when essay descriptions changed—point to an area for refinement. This variability suggests that
while the visual feedback met most expectations, improvements to stability and graphical alignment with the
original data could further enhance user trust.

Although students made measurable progress with VividWrite, results from the Teacher Assistance dimension
confirm that instructional scaffolding remains important. Many participants agreed that additional guidance, such
as step-by-step instructions on interpreting visual feedback, would improve their use of the system. Variation in
responses suggests differing levels of self-sufficiency, likely linked to prior writing proficiency. This is
consistent with the range of IELTS writing scores reported, indicating that lower-proficiency students may
benefit more from supplementary teacher support. Open-ended responses reinforced this point, with several
participants highlighting visual feedback as the system’s greatest strength but recommending clearer formatting
for writing suggestions.

Analysis of participants’ pre- and post-intervention responses showed that most engaged actively with both the
visual feedback and textual commentary generated by VividWrite. Several participants produced three to four
revised drafts, indicating sustained interaction with the feedback process. A small number, however, did not
respond to the visual feedback. Further examination revealed a pattern: some descriptions were accurate, yet
VividWrite flagged data as missing. The system could not interpret expressions such as “both X and Y almost
had the same ... at ... %”. In these cases, participants still made use of the language-focused feedback,
suggesting that even when visual feedback was less applicable, the textual component remained beneficial.

Response analysis also identified recurring challenges in IELTS Writing Task 1. The most frequent issue—
missing or inaccurately described data, mirrored prior observations by Ahmadi et al. (2019)—was effectively
addressed through VividWrite’s visual feedback. Along with textual feedback, VividWrite supported learners
struggling with lexical accuracy, such as word choice, particularly those with lower proficiency levels.
Conversely, most participants demonstrated competence in identifying trends and making comparisons, likely
due to prior IELTS preparation. Overall, VividWrite delivered targeted, task-specific feedback addressing
diverse learner needs.

6. Conclusions

The current study was designed to assess the effectiveness of VividWrite, an Al-powered visual feedback tool, in
enhancing EFL learners’ ability to describe visual data accurately and coherently. The study demonstrated
significant improvements in lexical precision, coherence, and task accuracy after learners engaged with
personalized, multimodal feedback. Participants reported that VividWrite was engaging, easy to use, and
particularly valuable for identifying and correcting descriptive inaccuracies, especially in spatial and quantitative
information. Perceived accuracy of the visual feedback was a key strength of the application design.
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Nevertheless, findings also revealed the continued importance of teacher support, especially for lower-
proficiency learners who benefited from additional guidance in interpreting and applying feedback. Outcomes
also varied by proficiency: lower-proficiency learners showed larger gains in lexical precision and error
detection, whereas higher-proficiency peers leveraged the visual feedback more autonomously. While the tool’s
visual feedback was generally aligned with original graphs, some variability in graphical consistency indicated
opportunities for refinement to enhance stability of visual outputs.

This research contributes to the growing literature on multimodal Al in CALL, demonstrating that Al-generated
visual feedback can address challenges in visual data description and yield both cognitive and motivational
gains. Future work should explore integrating adaptive scaffolding features, refining the alignment between
feedback visuals and source data, and expanding the tool to other genres. Longitudinal studies could further
examine the durability of learning gains.
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