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Abstract

In spite of numerous studies on the effect of AIAT on foreign language learning, few have examined its
impact on university students’ academic writing proficiency over an extended period. This study,
therefore, investigated the effect of Google Translate (GT) on the writing proficiency of English as a
Foreign Language (EFL) university students. It examined fluency, lexical density, accuracy, and syntactic
complexity across five versions of students’ writings: the pretest, writing with the aid of GT, the posttest,
and two retention tests conducted two to four months after the treatment. The findings indicated that
syntactic complexity, accuracy, and fluency improved when students used GT for writing; however, these
measures showed a significant decline in the posttest and retention test without GT. This decrease was
more pronounced in lexical density and less so in syntactic complexity. Despite this decline, all factors
assessed in the retention test still showed improvement compared to the pretest, indicating the positive
effect of GT on students’ foreign language writing performance.
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1. Introduction

Recent studies on the application of AIAT to language learning indicate that most problems
in AIAT output have been resolved, and that the technology is improving on a daily basis as it learns
from user-reported errors and draws on a large language dataset (Ducar & Schocket, 2018; Lee,
2022a; Tsai, 2022). However, one persistent challenge in the field concerns less commonly taught
languages, such as Persian (Mirzaeian, 2020, 2021, 2022, 2024; Mirzaeian & Maghsoudi, 2020, 2024;
Mirzaeian & Oskoui, 2022, 2023). Another issue relates to translation irregularities, as discussed by
Lee (2022a) and Shadiev et al. (2019). Thanks to improvements in AIAT output quality, the
technology is gradually making its way into language classrooms and is being embraced by the
language-learning community (Tsai, 2022). Research on the effects of AIAT on language learning
has reported various outcomes, including positive impacts on content communication, lexical
density, and syntactic complexity (Chang et al., 2022; Fredholm, 2019; Lee, 2022a; Nifo, 2020; Tsai,
2019, 2022).

Overall, studies examining the impact of AIAT on language learning have been largely
positive, indicating that this technological development can enhance language learning (Chon et
al., 2021; Lee, 2020, 2022a; Tsai, 2019; Yang et al., 2023). However, almost all of these studies have
focused on writing as a product rather than as a process. In other words, while students’ written
output showed significant improvement, it was unclear whether their writing proficiency itself had
improved. One study that addressed this overlooked issue was Fredholm (2019), who demonstrated
that when students were deprived of using AIAT, their lexical density dropped significantly.
Building on this, the present study examined students’ writing over a longitudinal period to

determine whether the effects of AIAT were sustained over time.

2. Literature Review

Recent studies show a significant increase in the use of AIAT in language classes (Hwang et
al., 2022; Jolley & Maimone, 2022; Tourmen & Hoffmann, 2022), a trend that can be attributed to
its improved quality in recent years. Most research prior to 2018 focused on the errors generated by
AIAT and on techniques to help students diagnose and learn from these errors. However, since
2018, such errors have become almost negligible, and studies have shifted to exploring the positive
aspects of using correct AIAT output in language classrooms (Chon et al., 2021; Kol et al., 2018;
Stapleton & Kin, 2019). AIAT has also demonstrated that when the input contains minor syntactic
inaccuracies, it can intelligently infer the correct form and provide an appropriate translation. For
example, in Persian, a clitic attaches to the verb to indicate the subject, and in most cases, the subject
is omitted, creating ambiguity. AIAT can identify the implied subject and provide the correct
translation (Mirzaeian, 2024). Such capabilities have led some researchers to conclude that AIAT

can produce better output than human translation (Stapleton & Kin, 2019; Tsai, 2019, 2022; Yang
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et al., 2023). This improved quality has also contributed to AIAT’s growing popularity among

language teachers (Hwang et al., 2022; Tsai, 2022).

Despite considerable research in the field, some gaps remain. One such area is the long-term
effect of AIAT on language learning, typically explored through longitudinal studies. Fredholm
(2019), for example, investigated the impact of AIAT on vocabulary and found that although AIAT
use greatly enhanced lexical density, it had no effect on vocabulary acquisition; students deprived
of AIAT could not employ varied lexical items in their writing. Additionally, while some researchers
have reported that AIAT improves both accuracy and fluency in language use (Ahn, 2021; Lee,
2020), others have found that it enhances accuracy but not fluency (Yang et al., 2023) or vice versa
(Fredholm, 2019). Furthermore, no such study has examined Persian EFL university students.
Therefore, the present study investigates the effect of AIAT on both the writing quality and writing
retention of EFL university students.

The following research questions were formulated for the current study:

1. What is the effect of AIAT on the quality of FL writings produced by Persian EFL university
students in terms of fluent language use, lexical density, correct language use and syntactic
complexity?

2. What is the longitudinal effect of AIAT on the quality of FL writings produced by Persian EFL.
university students in terms of fluent language use, lexical density, correct language use and

syntactic complexity two and four months after exposure to AIAT?

3. Method

The study adopted a quantitative approach, with the data consisting of compositions
produced by the participants. Each composition was scored, and the number of errors in each was

also recorded.

3.1. Instruments

First, the Oxford Placement Test was administered to ensure the homogeneity of the
participants. Next, they were asked to write five compositions on a single topic, four in English and

one in Persian.

3.2. Participants

The participants were initially 82 Persian EFL freshman university students enrolled in a
female-only state university in Tehran. All were native Persian speakers with prior exposure to
English in high school. Before the study began, they completed the Oxford Placement Test. Those

who scored within one point above or below the mean score (M = 59) were selected. Based on the
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pretest results, their English proficiency level was classified as beginner (A2 according to the
CEFR).

3.3. Procedure

After the placement test, the 59 selected students were asked to write four compositions in
English (one pretest, one while consulting AIAT, one two months after the study, and one four
months after the study) and one in Persian, their native language. They were instructed to include
at least 120 words in each composition. In the pretest, participants were not allowed to use any
resources other than pen and paper and were asked to write a composition about the person they
respected most and why. Next, they were given access to GT and instructed to write the same
composition in Persian, translate it into English using GT, compare and contrast their own writing
with the ATIAT output, make the necessary corrections and adjustments, and submit the final draft.
One week later, they were asked to write a composition on the same topic in class without access to
AIAT (posttest).

To examine the longitudinal effect, 31 of the students were required to write the same
composition again two months after the treatment, and the remaining 28 were asked to do so four
months after the study. Participants were divided into two groups for the longitudinal stage to
minimize the learning effect from the first retention test. Since the focus of the study was on form
rather than content, during the retention stage participants were given their Persian compositions

to recall what they had previously included.

3.4. Data Analysis

As mentioned earlier, participants’ compositions were evaluated based on four main criteria:
fluent language use, lexical density, correct language use, and syntactic complexity. Fluent language
use was measured using the total word count (Chon et al., 2021; Yang et al., 2023). Correct language
use was assessed by identifying errors in syntax, lexis, spelling, and punctuation. To determine
lexical density, both the textual lexical density and the frequency of words per composition were
calculated (Yang et al., 2023). Syntactic complexity was evaluated by calculating the mean number
of words per sentence (Lee, 2020) and weighting the distance between sentences (Chon et al., 2021;
Yang et al., 2023).

For correct language use, two independent raters analyzed the frequency and distribution of
errors. The interrater reliability coefficient was 0.91, indicating high agreement. For fluent language
use, lexical density, and syntactic complexity, Coh-Metrix 3.0 was used, following previous research
(Chon et al., 2021; Graesser et al., 2004; McNamara et al., 2014; Yang et al., 2023). After the initial
analysis, inferential statistics were applied to compare the compositions across several conditions:

two-month versus four-month retention tests; pretest versus retention test; posttest versus retention
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test; and AIAT-assisted writing versus posttest performance. IBM SPSS (version 26) was used for
all statistical analyses. Descriptive statistics were computed to examine overall patterns in the data.
To assess changes across compositions, repeated-measures ANOVA was conducted to test for
statistically significant differences among the four compositions. Paired-sample t-tests were then
employed for pairwise comparisons. In the repeated-measures ANOVA, Mauchly’s test of
sphericity was performed, and the homogeneity of variances for the between-subjects ANOVA was
confirmed (p=.850).

4. Results

The results clearly indicated statistically significant differences among the compositions.
Students produced higher-quality compositions when consulting AIAT, as well as in the posttest
and retention tests, compared to the pretest, in terms of both fluent language use and correct
language use. Table 1 presents these results (p < .001). In the AIAT-assisted compositions and
subsequent tests, word counts increased substantially, while the number of errors decreased
significantly. Regarding overall scores, the AIAT-assisted composition ranked highest, followed by
the posttest, the retention test, and the pretest, respectively. Analysis of lexical density and syntactic

complexity revealed similar patterns, further confirming the positive impact of AIAT.

Table 1

Descriptive Statistics and Repeated Measure ANOVA: (Fluent Language Use, Lexical Density, Correct Language
Use, Syntactic Complexity)

Item Pretest AIAT Posttest Retention F
Mean SD Mean SD Mean SD Mean SD F
Score 1.6 0.96 4.82 0.69 3.65 1.65 2.5 1.49 11454
Fluent Use of ~ Word Count 43.01 3259 12358 1934 103.19 4043 73.01 45.65 118.88
Language
Lexical Different Words ~ 18.25  22.16  73.42  11.90 59.85 24.49 47.19 25.98 154.96
Density
Textual lexical ~ 32.87 22.88 57.80 18.94 53.40 20.76 48.57 27.06  24.84
density
Correct Total No of 8.40 4.59 1.94 1.83 3.72 4.12 5.44 6.27 10.98
language use errors
Syntactic Words per 4.93 2.51 11.65 3.06 8.82 3.21 717 3.93 57.45
Complexity sentence
Weighted 0.56 0.39 0.85 0.10 0.64 0.41 0.62 0.36 6.47
distance

Level of significance at <0.001

Errors related to syntax, lexicon, spelling, and mechanics were also analyzed. The results
indicated that syntactic errors were the most frequent (M=2.17), followed by lexical errors
(M=0.98), spelling errors (M=0.89), and mechanical errors (M=0.83), respectively. The pretest
recorded the highest number of errors (M =8.41), followed by the posttest (M=3.73) and the AIAT-
assisted compositions (M=1.95). Retention tests showed a higher error rate (M=5.45), as depicted
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in Figure 1. Notably, the number of syntactic errors decreased sharply from the pretest to the other
composition types. To determine whether these differences were statistically significant, an
ANOVA was conducted. As shown in Table 2, the results indicated significant differences in all
error categories except for lexical errors. Mechanical errors decreased in the AIAT-assisted

compositions but increased in subsequent tests.

Figure 1

Error Analysis Result

Table 2

Descriptive Statistics and Repeated Measure ANOVA: (Correct Language Use)
Unit Pretest AIAT Posttest Retention F p

Mean SD Mean SD Mean SD Mean SD

Syntax 423 2.61 1.05 1.21 1.27 1.48 2.18 277  9.05 <0.001
Lexicon 1.78 1.38  0.57 1.17 0.65 0.85 0.98 1.39 226  0.119
Spelling 1.36 0.53 0.24 0.66 0.65 1.48 1.11 1.65 4.41 0.026

Mechanics 1.07 1.74 0.12 0.49 1.19 2.15 1.21 291 647 <0.005

To further investigate the differences among compositions and assess the effect of AIAT on
subsequent writing after the treatment, paired t-tests were conducted. As shown in Table 3, the
comparison between the AIAT-assisted composition and the posttest revealed significant
differences in mechanics, overall score, and word count, whereas no significant differences were
found for syntax, lexicon, or spelling. The paired t-test between the AIAT-assisted composition and
the retention test indicated statistically significant differences in all features except lexicon. These
results suggest that correct language use in terms of lexicon remained consistent between the

posttest and retention test, while correct language use in other areas, including fluent language use,
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declined substantially. In contrast, the paired t-test between the pretest and retention test showed
significant differences in all areas except mechanics.
Table 3

Paired t-test between Compositions in Correct Language Use

AIAT vs Posttest AIAT vs Retention Pretest vs Retention
t p t p t P
Syntax -0.732 0.466 -3.241 0.001 -3.945 <0.001
Lexicon 0.138 0.891 -1.511 0.135 -3.321 0.002
Spelling -1.668 0.100 -2.661 0.011 -4.008 <0.001
Mechanics -3.833 <0.001 -3.201 0.001 -1.867 0.66
Score 5.816 <0.001 11.872 <0.001 12.813 <0.001

Using paired t-tests, the study also examined whether statistically significant differences
existed between the two-month and four-month retention tests. As shown in Table 4, a significant
difference was observed only in syntax. While minor differences were noted in other aspects
between the two retention compositions, these did not reach statistical significance. This finding
indicates that syntactic errors increased significantly from the two-month to the four-month

retention test, whereas other features of writing quality remained relatively stable over time.

Table 4

Descriptive Statistics and T-Test for Retention (Two and Four Weeks)
Item Two weeks Four weeks t P

Mean SD  Mean SD

Syntax 1.48 2.02 3.01 3.29 2.18 0.034
lexicon 0.93 1.51 1.01 1.22 0.171 0.865
spelling 0.82 1.43 1.42 1.83 1.407 0.166
Mechanics 1.18 3.17 1.21 2.61 0.046 0.965
Score 2.82 1.48 2.26 1.51 1.452 0.151
Word count 82.53 41.64 65.01 47.98 1.482 0.142
Total 4.42 5.96 6.64 6.58 1.365 0.179

5. Discussion

This study demonstrated that AIAT can significantly enhance various aspects of students’
foreign language writing. Improvements were observed across multiple measures: fluent language
use (word count), correct language use (total and category-specific errors in syntax, lexicon,
spelling, and mechanics), syntactic complexity (weighted sentence distance and words per
sentence), lexical density (variety of lexical items), and overall message conveyance. Error
frequency also declined across all categories, and repeated-measures ANOVA indicated
statistically significant differences in scores between compositions. As noted by previous scholars

(Garcia & Pena, 2011; Chang et al., 2022; Tsai, 2022), elementary-level students in this study
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benefited from AIAT, as it enabled them to express ideas they could not otherwise articulate in the
target language.

The findings further revealed that AIAT-assisted compositions showed the greatest
improvement in fluent language use, correct language use, and syntactic complexity. However,
given the participants’ low proficiency, such gains may reflect reliance on AIAT rather than genuine
language acquisition. This concern aligns with studies suggesting that AIAT use does not necessarily
lead to lasting language improvement (Chen et al., 2015; Tang & Liu, 2018; Zhang & Cheng, 2021).
Because AIAT does not offer targeted feedback on students’ errors, beginner learners may struggle
to identify and correct mistakes solely by comparing their writing with AIAT-generated translations
(Lee, 2022 b). Consequently, it is plausible that participants in this study reproduced AIAT’s output
directly in the posttest, raising the question of whether such performance gains represent authentic
learning or mere imitation.

The second research question:

The present study found that students retained approximately half of the material they had
been exposed to through AIAT, indicating a positive long-term impact. Retention test results
showed higher scores and greater word counts compared to the pretest, although declines were
observed in syntactic complexity, fluent language use, and correct language use. Notably, the
retention compositions contained significantly more words per sentence and a greater variety of
vocabulary items. Given that these learners had previously lacked opportunities to fully express
themselves in writing, AIAT appeared to boost their confidence in producing written work. This
finding aligns with Fredholm’s (2021) assertion that AIAT can enhance learners’ self-confidence
and self-esteem in writing in the target language.

When compared to earlier research, this study produced both convergent and divergent
results. Consistent with prior findings (Chang et al., 2022; Yang et al., 2023), AIAT in the present
study improved fluent language use, correct language use, and syntactic complexity. However,
unlike Chang et al.’s (2022) study, where AIAT did not increase word count—the current study
found a significant increase. This discrepancy may be explained by differences in participants’
proficiency levels; whereas Chang’s participants were intermediate learners, the participants in this
study were predominantly beginners, who could produce longer sentences only when supported by
AIAT. The results also corroborate Fredholm’s (2015, 2019, 2021) findings that AIAT can enhance
lexical density, fluent language use, and syntactic complexity. However, the current study diverges
from Fredholm’s (2015) work in two key respects: first, correct language use improved significantly
here, both with AIAT and in the posttest, whereas Fredholm found no such improvement; second,
the positive effect of AIAT on lexical density persisted in this study even without AIAT, whereas
Fredholm observed its disappearance in the absence of the tool. These differences may stem from
variations in implementation strategies, baseline levels of correct language use, or the language
pairs involved (Spanish-Swedish in Fredholm’s study vs. Persian—English here). Additionally, in

Fredholm’s (2015) research, students wrote on different topics in the pretest and posttest, while in
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the current study the same topic was used for both, potentially contributing to greater lexical

retention.

6. Conclusion

This study demonstrated that AIAT can help language learners reduce syntactic errors, use
a more diverse range of lexical items, and employ grammatical structures beyond their current level
of proficiency. Consequently, students were able to produce richer output in both the AIAT-
assisted compositions and the posttest compared to the pretest. The study examined the effect of
AIAT on EFL students in terms of fluent language use, syntactic complexity, and lexical density, as
well as the extent to which these gains were retained in a follow-up assessment. The results indicated
that the application of AIAT was effective to some extent over a long period; however, its impact
varied across different linguistic features.

Based on these findings, several directions for future research are proposed. While the
present study measured effects over a 2—4-month period, further research could investigate whether
improvements persist over longer durations (e.g., 6—12 months). Although Google Translate was
the focus here, comparative studies involving multiple AIAT tools could determine whether
differences in accuracy, feedback, or features influence learning outcomes. Exploring how teachers
can incorporate Al tools such as Google Translate into classroom practices to balance assistance
with independent learning, without fostering over-reliance, also merits investigation. Additionally,
examining whether providing corrective feedback alongside AIAT outputs enhances long-term
improvements in writing accuracy would offer valuable insights.

The current study observed a post-treatment decrease in performance without AIAT,
suggesting the need for research on whether over-reliance on such tools hinders students’ ability to
self-correct. Given the observed decrease in lexical density, further studies could examine whether
AIAT tools promote genuine vocabulary acquisition or encourage repetitive language use.
Investigating how effects vary across different proficiency levels could identify which learner groups
benefit most. Since this study focused on academic writing, future research could also explore the
impact of AIAT tools on other genres, such as creative, descriptive, or argumentative writing.
Beyond linguistic proficiency, examining how Al tools influence learner psychology, such as
motivation, self-efficacy, or writing apprehension, could provide additional perspectives. Finally, to
mitigate dependency, research should explore instructional strategies that teach students to use

AIAT tools effectively while fostering autonomy in writing.
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