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Abstract: Previous research revealed that syntactic and lexical complexity is crucial in 

predicting writing quality. However, measuring these features is difficult because they often 

interact in unpredictable ways. To address this challenge, measurement practices need to 

capture a more holistic view. This study aims to explore the integration of the complexity 

metrics and examines how they relate to L2 writing. A sample of 199 argumentative essays 

from an in-house English proficiency test was scrutinized using the Syntactic Complexity 

Analyzer and the Lexical Complexity Analyzer. Factor analysis and Pearson correlation were 

used for data analysis. The findings indicated that, syntactically, a higher frequency and 

richness of coordinate phrases were associated with superior L2 writing quality (r=.27, p<.01). 

Lexically, verb variation (r=.186), transformations of the number of different words measures 

(r=.241) and noun & mod variation (r=.233) were found to be valid indicators of L2 writing 

quality. However, different from previous research on narrative writing, verb sophistication 

is found to have no significant correlation with argumentative writing scores. It indicates that 

the genre of L2 production is a variable that may affect the validity of verb sophistication as 

a descriptor of L2 performance. 

Keywords: syntactic and lexical complexity, second language writing, writing performance, 

argumentative essays 

1. Introduction 

Linguistic complexity can be regarded as a valid descriptor of second language (L2) performance, 

which can measure learners’ proficiency and language development [1]. Bulté and Housen proposed 

that there are two major sub-components that make up linguistic complexity, lexical complexity and 

grammatical complexity. Grammatical complexity can be further divided into syntactic and 

morphological complexity [2]. According to O’Leary and Steinkrauss, however, morphological 

complexity is more noticeable in the early stages of L2 development than in English writing by 

advanced students [3]. Therefore, the current research will focus on syntactic and lexical complexity 

as the target measures to forecast the level of L2 English writing quality. 

The variety and complexity of syntactic structures are referred to as syntactic complexity, which 

is an important component of learning a second language [2, 4, 5]. Lexical variety, lexical density, 

and lexical sophistication are the three primary markers of lexical complexity, often known as lexical 

richness [6]. Prior studies have demonstrated the significance of linguistic traits, such as lexical and 

syntactic complexity, in predicting writing quality. Noun phrase modification, mean sentence length, 
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and mean T-unit length are all important predictors of writing quality in argumentative essays written 

by non-native English speakers, according to studies by Taguchi et al. and Yang et al. [7, 8]. Engber 

examined the relationships between various lexical measures of writings and their overall scores and 

found a significant association between the score and error-free lexical variety [9]. According to 

Laufer and Nation’s research, the Lexical Frequency Profile, a metric for lexical richness in writing, 

may be beneficial for identifying the elements that influence assessments of writing quality [10]. 

Lexical sophistication and overall writing scores were found to be highly associated with 

Maamuujav’s research [11].  

The developmental character of complexity measures and the difficulties of measurement have 

limited earlier studies on the relationship between independent syntactic and lexical complexity 

measures and writing proficiency. These studies lack stability and are hindered by the arbitrary 

selection of complexity measures. To overcome these challenges, measurement practices should 

evolve to capture a more integrated view of complexity, rather than focusing on isolated metrics. This 

study aims to reduce the dimensionality of syntactic and lexical features and examine how the 

integrated linguistic features relate to L2 English argumentative writing performance. 

The subsequent section will focus on the following specific research questions: 1) Which 

combination of syntactic complexity measures can best predict the quality of L2 argumentative 

English writing? 2) Which combination of lexical complexity measures can best predict the quality 

of L2 argumentative English writing? 3) To what extent do factor variables of the complexity 

measures predict second language writing performance? 

2. Methodology 

2.1. Samples 

In this paper, 200 argumentative essays written by Chinese English learners at Zhejiang University 

were selected from the writing database of the Zhejiang University English Proficiency Test (ZJU 

EPT). The average word length of the essays was 190, with the shortest and longest totalling 116 and 

284 words, respectively. The articles were scored by two automatic scoring systems, i-write and 

Pigaiwang, respectively. Both scoring systems had a full score of 100 points, and the final scores 

were averaged. One outlier was deleted based on the normality test (N=199). 

2.2. Instrument 

This research applied L2 Syntactic Complexity Analyzer (L2SCA), the Lexical Complexity Analyzer 

and SPSS (version 27) as analyzing tools [12-14]. 

2.2.1. Syntactic Analysis 

To evaluate these writings’ syntactic elements, this paper used the computational tool L2SCA because 

measures in L2SCA were generated directly from the study of the syntactic complexity of bilingual 

writing, which makes it an ideal tool for the research subject [13]. 

Lu’s analyzer obtains 9 frequency indicators and 14 rate indicators. This paper excluded some 

indicators that do not have a strong correlation with writing quality based on previous research [12]. 

Specifically, clauses per sentence (C/S) is considered as clausal embeddings measure that takes both 

subordination and coordination into account. However, subordination and coordination are two 

different constructs that are usually measured by clauses per T-unit (C/T) and T-unit per sentence 

(T/S) respectively [15]. C/T and T/S were thus excluded.  

As a result, the study’s target L2SCA measurements comprised 21 measures. These 21 measures 

are clause (C), T-unit (T), complex T-unit (CT), dependent clause (DC), clause per sentence (C/S), 
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verb phrase (VP), verb phrase per T-unit (VP/T), dependent clause per clause (DC/C), dependent 

clause per T-unit (DC/T), complex T-unit ratio (CT/T), coordinate phrase (CP), coordinate phrase per 

T-unit (CP/T), coordinate phrase per clause (CP/C), word count (W), sentence (S), mean length of 

sentences (MLS), mean length of T-unit (MLT), mean length of clause (MLC), complex nominal 

(CN), complex nominal per T-unit (CN/T), complex nominal per clause (CN/C). The precise formula 

is documented in the research article by Lu in 2010 [13]. 

2.2.2. Lexical Analysis 

The Lexical Complexity Analyzer (LCA) was utilized as the tool to assess lexical complexity in this 

study [12,14]. This analyzer provides 25 distinct measures of lexical density, variation and 

sophistication. According to previous research, some metrics may not be valid descriptors of L2 

performance and were therefore eliminated from the analysis. Lexical density (LD) was shown to not 

significantly correlate with overall L2 writing evaluations [1, 16]. A number of different words (NDW) 

and Type–token ratio (TTR) was found both sensitive to the size of the sample [14]. Mean segmental 

TTR (MSTTR) might cause a waste of data since only texts of equal length could be used for analysis 

[17]. Four transformations of TTR measures showed unsatisfactory validity and reliability in L2 

performance [18]. Besides, lexical word variation, adjective variation and adverb variation were 

eliminated to avoid redundant calculation. Therefore, a total of 14 measures generated from LCA 

were taken into account. These 14 measures include two lexical sophistication measures which are 

labelled as LS1 and LS2, two verb sophistication measures which are labelled as VS1 and VS2, 

corrected VS1 (CVS1), three NDW measures including NDW (first 50 words), NDW (expected 

random 50) and NDW (expected sequence 50) and four verb variation factors including verb 

variation-I (VV1), squared VV1 (SVV1), corrected VV1 (CVV1), verb variation-II (VV2), noun 

variation (NV) and modifier variation (ModV). The precise formula is documented in the research 

article by Lu in 2012 [14]. 

2.2.3. Data Analysis 

To evaluate the relationship between syntactic and lexical variables and their effects on writing 

quality, data analysis was done using SPSS (version 27). Initially, a factor analysis was performed on 

the syntactic complexity and lexical complexity measures to reduce the dimensionality of the metrics. 

This process was essential for identifying the important factors that influenced writing performance 

and thereby simplifying the interpretation of the results. The degree and direction of the association 

between the integrated factors and the averaged writing scores were subsequently investigated using 

Pearson Correlation tests. 

3. Results 

3.1. Writing Performance 

In this study, two online automated writing assessment platforms, i-write and Pigaiwang, were 

employed to evaluate students’ essays (N=200). The correlations between the scores assessed by these 

two platforms were found to be statistically significant (r=.72, p<.001), indicating that the scores 

obtained from both platforms were valid and reliable for evaluating student writing performance. 

Consequently, the final writing grade for each student was derived as the average of the ratings 

provided by the two platforms (M=69.6; SD=5.4). After conducting the normality test and excluding 

the outliers, one sample was deleted (N=199). 
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3.2. Syntactic and Lexical Features in Students’ Argumentative Essays 

3.2.1. Syntactic Features 

A factor analysis was conducted to examine the selected 21 syntactic complexity measures. The KMO 

value of 0.632 and a significant result of Bartlett’s test 

 (𝜒2(153) = 7379.9, 𝑝 < .001) (1) 

satisfied the assumptions for factor analysis [19]. The factor analysis process led to the removal of 

three indicators with the smallest loadings (VP, CN, CN/C) and combined the remaining 18 indicators 

into four factors, which accounted for 87.2% of the total variance. 

As shown in Table 1, Factor 1 loaded six measures (MLT, MLS, VP/T, DC/T, CN/T, and C/S) 

together. This factor was subsequently labelled as the dependent structure ratio factor, representing 

the proportion of dependent structures in the text. Factor 2 comprised four measures (CT, DC, CT/T, 

DC/C) and was named the subordinate clause factor, reflecting the presence and frequency of 

subordinate clauses in the writing. Factor 3 included four frequency measures (C, T, W, S) and was 

designated as the productivity factor, representing the overall production of linguistic units within the 

text. CP/T was found to be acceptable for both Factor 1 and Factor 4. To facilitate the interpretation 

of the factors, CP/T was categorized under Factor 4. As a result, four measures (CP/T, CP, CP/C, 

MLC) loaded on Factor 4, which was named the coordinate phrase factor, indicating the frequency 

and distribution of coordinate phrases within the text. 

Table 1: Rotated factor loadings for syntactic complexity measures. 
 

Factors 

Measures  1 2 3 4 

MLT .961 
   

VP/T .961 
   

DC/T .942 
   

CN/T .933 
   

C/S .896 
   

MLS .868 
   

CP/T .696 
  

.594 

DC/C 
 

.916 
  

CT/T 
 

.874 
  

DC 
 

.865 
  

CT 
 

.732 
  

C 
  

.820 
 

T 
  

.768 
 

W 
  

.737 
 

S 
  

.684 
 

CP/C 
   

.952 

CP 
   

.903 

MLC 
   

.642 

Eigenvalues 6.508 3.580 2.902 2.705 

 % of Variance 36.158 19.888 16.120 15.027 
Note. Extraction method: principal component analysis; Rotation method: Varimax with Kaiser Normalization. A Rotation converged 

in 5 iterations. 
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3.2.2. Lexical Features 

The KMO value of 0.712 and a significant result of Bartlett’s test  

 (𝜒2(91) = 3496.2, 𝑝 <  .001) (2) 

satisfied the assumptions for factor analysis [19]. Five variables were identified via factor analysis, 

which together accounted for 84.3% of the total variance. 

As shown in Table 2, the results demonstrated that four measures (VV1, SVV1, CVV1, VV2) 

loaded together on Factor 1 as the verb variation factor. This factor represents the diversity of verb 

usage. Factor 2 consisted of three measures (VS1, VS2, CVS1) and was named the verb sophistication 

factor, reflecting the complexity and advanced nature of verb usage in the writing. Factor 3 

incorporated three transformations of NDW (NDW–50, NDW–ER50, NDW–ES50) and was named 

the NDW factor, indicating the variety of words used in the text. Two lexical sophistication measures 

were included in factor 4, which was referred to as the “lexical sophistication factor,” and they 

provided insight into the sophisticated and complicated nature of word usage in writing. Factor 5 

comprised noun variation and modifier variation and was labeled as the noun & modifier variation 

factor, which highlights the diversity of noun and modifier usage within the text. 

Table 2: Rotated factor loadings for lexical complexity measures. 

   Factor   

Measure 1 2 3 4 5 

LS1    .906  

LS2    .895  

VS1  .952    

VS2  .931    

CVS1  .949    

NDWZ50   .816   

NDWER50   .847   

NDWES50   .811   

VV1 .726     

SVV1 .939     

CVV1 .947     

VV2 .898     

NV     .690 

MODV     .840 

Eigenvalues 3.272 2.977 2.204 1.982 1.421 

% of 

Variance 
23.370 21.262 15.740 13.774 10.151 

Note. Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. A Rotation converged 

in 6 iterations. 
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3.3. Correlation Between Integrated Syntactic & Lexical Complexity and Writing 

Performance 

In this section, the relationship between linguistic features and writing quality is examined. At the 

syntactic level, correlations between the writing quality and coordinate phrase factor were significant 

in the selected sample (r=.27, p<.01). At the lexical level, three lexical factors (verb variation factor, 

NDW factor and noun & mod variation factor) displayed statistically significant correlations with the 

holistic score. As shown in Table 3 and Table 4, no significant correlation was found between writing 

quality and other metrics measuring syntactic and lexical complexity. 

Table 3: Correlation matrix: Integrated syntactic factors and holistic score of writing quality. 

 M SD 1 2 3 4 5 

Syntactic        

1. writing score  69.64 5.26 --     

2. dependent structure ratio 

factor 

-.0009 1.0024 -.012 --    

3. subordinate clause factor -.0053 .9996 .084 -.001 --   

4. productivity factor -.0010 1.0024 -.045 .000 -.001 --  

5. coordinate phrase factor -.0006 1.0024 .268 

** 

.000 -.001 .000 -- 

N=199, ** p < 0.01 ***<0.001 

Table 4: Correlation matrix: Integrated lexical factors and holistic score of writing quality. 

 M SD 1 2 3 4 5 6 

1. writing score  69.64 5.26 --      

2. verb variation factor .0041 1.0008 .186*

* 

--     

3. verb sophistication 

factor 

-.0143 .9818 .045 .012 --    

4. NDW factor .0014 1.0023 .241*

* 

-.001 .004 --   

5. lexical sophistication 

factor 

-.0018 1.0022 -.028 .001 -.005 .000 --  

6. noun & mod variation 

factor 

.006 .9989 .233*

* 

-.005 .018 -.002 .002 -- 

N=199, ** p < 0.01 ***<0.001  

4. Discussion 

This study comprehensively analyzed the syntactic and lexical complexity measures of L2 students’ 

argumentative essays to explore how the integrated factors predict their writing quality.  

At the syntactic level, the findings suggest that essays exhibiting a higher frequency of coordinate 

phrases and a richer variety of such phrases tend to demonstrate improved writing quality. To be more 

precise, essays that received better scores had more coordinate phrases (CP), as well as greater 

proportions of CP per T-unit and CP per clause. The syntactic results were consistent with what Uzun 

contended that the variables obtaining the most insight into L2 writing ability were the number of 

Proceedings of the 4th International Conference on Educational Innovation and Philosophical Inquiries
DOI: 10.54254/2753-7064/11/20231365

36



coordinate phrases, CP per sentence, and CP per T-unit [20]. In a similar vein, Jiang claimed that 

students demonstrating higher writing proficiency are inclined to produce a greater quantity of 

coordinate phrases [21]. 

At the lexical level, the verb variation factor, NDW factor and noun & mod variation factor all 

have a significant correlation with the holistic scores of writing quality, which indicates that verb 

variation, transformations of NDW measures and noun & mod variation can be valid descriptors of 

L2 writing quality. The finding is consistent with Lu’s study, in which he suggested NDW-ER50 and 

NDW-ES50 as suitable substitutes when the sample size effect needs to be properly managed [14]. 

The finding is also consistent with some results of McClure’s study, in which she discovered 

significant differences in her noun and modifier variation measures [22]. 

Meanwhile, verb sophistication and lexical sophistication have no significant correlation with 

writing scores. The latter result is consistent with previous research [23], while the former outcome 

is distinct from those that have been observed in other previous L2 writing studies [14, 22, 24]. 

According to Lu’s research, verb sophistication measures were strongly correlated with test takers’ 

scores. One possible reason for the different relationship between verb sophistication and L2 

performance lies in the different genres of the two corpora. The corpus employed in the current study 

consists of argumentative essays, while the corpus used in Lu’s research was descriptive oral data 

[14]. Previous research shows that L2 learners tend to use many nominalizations in argumentative 

essays, which might lower the level of verb sophistication [25]. Therefore, whether the verb 

sophistication factor can be a valid descriptor of L2 performance may be influenced by the form or 

genre of L2 production. 

5. Conclusion 

The results of this study show that L2 students need to be trained in a number of linguistic features, 

hence an important pedagogical question is how teachers might assist L2 students in becoming skilled 

academic writers. Teachers should pay more attention to the cultivation of specific language skills, 

especially linguistic features like verb variation, noun & modifier variation, and coordinate phrases. 

The study also emphasizes how crucial it is to take the genre of the writing into account when 

determining whether or not particular linguistic features are accurate identifiers of writing quality. In 

terms of L2 writing automatic rating, this study may provide a reference for the design of the rating 

system. To better measure students’ performance, the automatic rating system should be more 

sensitive to the linguistic features in the material to achieve better reliability and validity. The valid 

descriptors of the writing quality should carry more weight in the rating system. 

Although the research findings add to the understanding of how linguistic features relate to L2 

argumentative writing performance, there are a number of limitations that call for debate. Firstly, the 

study’s small sample size (N=199) and limited participant pool from one university in China may 

limit the generalizability of the findings. Secondly, using two automated writing assessment systems 

with slightly different scoring constructs may introduce scoring errors. The use of human raters could 

enhance consistency in marking criteria. Thirdly, the study only analyzed language in L2 

argumentative writing, but genre differences can affect L2 written production. To further understand 

the connection between linguistic traits and writing performance, future research might look at data 

from various writing genres. 
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