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The effects of digital tool use on complexity and accuracy 

of written texts in English as a foreign language 

Abstract 

Foreign language writing in European languages is increasingly done with the help of digital online 

tools (AI powered translators and/or dictionaries). We tested the effect of such tool use on the 

process and the product of foreign language writing in 274 adolescent learners of English as a 

foreign language. We compare to what extent writing with such tools changes indicators of 

(lexical, syntactic) complexity and of accuracy. Both dimensions were positively associated with 

task achievement as assessed by human raters. We also investigate the impact of a short 

instruction on the characteristics and features of online tools and their use in writing. The results 

show a substantial increase in accuracy and some increase in lexical complexity when digital 

tools are used. The instruction led to an increase in the proportion of dictionary use in relation to 

the use of the online translators but had little impact on the actual text output. 

1 Introduction 

In this paper we present evidence from a writing task across different conditions. We 

address the question how written output produced by learners of English as a foreign 

language changes depending on the authors’ use of digital online resources such as 

automatic translation machines and online dictionaries. The topic is timely and relevant 

as these tools are omnipresent, and second and foreign language users will use them (if 

allowed). Our interest covers several research questions: 

(1) What are the digital tools intermediate learners of English as a foreign language 

(EFL) use when they are writing texts for formal purposes? 

(2) How much time do they spend online when writing texts, and how much do they 

switch between applications during the writing process? 

(3) What is the effect of the use of digital tools on the outcome of the writing task? More 

specifically: 

(a) How do features of the texts change if tools are used?                                             

(b) Is the product of the writing task ‘better’ with respect to task achievement if tools 

   are used? 
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The first and the second questions relate to the writing process. They are exploratory 

in nature, as we do not know much about EFL learners’ behaviour in this domain and 

thus we do not have testable hypotheses. There are some questionnaire-based studies 

that elicit the tools learners claim to use (see e. g. Udry/Berthele 2023 for such a study 

from the Swiss context), but to our knowledge there are no studies that observe which 

tools exactly learners use in what way and for how long when doing writing tasks. The 

third question relates to the product and will be addressed via hypothesis testing, based 

on theories and findings we will discuss in the next section. 

We draw on two influential frameworks that investigate the effects of task characte-

ristics on language learning and acquisition, namely Peter Skehan’s (Skehan/Foster 

1999, 2001; Skehan 2014) Trade-off or Limited Capacity Hypothesis model, and Peter 

Robinson’s (Robinson 2001) Cognition Hypothesis or Triadic Componential Framework. 

As we discuss below, scholars have argued for different patterns of associations (trade-

offs or mutual boosts) between dimensions of the product, e. g. regarding accuracy on 

the one hand and complexity of the texts on the other. Thus, in the case of the third 

question, we will investigate the association of the tool use behaviour (as a task characte-

ristic) and text characteristics (within the framework of CAF, Complexity, Accuracy, 

Fluency, cf. Housen 2021). 

2 Literature review 

2.1 Models of writing 

Influential models of first language (L1) writing theorize interrelated and recursive 

mechanisms that involve planning of content, formulating ideas, and monitoring output 

to ensure it is coherent with the intended message (Hayes/Flower 1980; Kellogg 1996). 

Executing these processes requires the allocation of attentional resources and is 

therefore linked to the construct of working memory (WM; Kellogg 1996). In Baddeley’s 

(Baddeley/Hitch 1974; Baddeley 2000) still influential multicomponent model, WM 

comprises two slave systems with limited capacity that are responsible for the short-term 

maintenance of different types of information: the phonological loop stores phonological 

information, and the visuo-spatial sketchpad stores visual and spatial information. A third 

component, the central executive, coordinates the two slave systems and assists in the 

integration of the various stimuli. The episodic buffer combines information into meaning-

ful and lasting representations, thus providing the link between WM and long-term 

memory. The cognitive burden placed on each of the WM components is thought to vary 

along each stage of the writing process (Kellogg et al. 2013). 

The basic sub-processes of planning, formulating, and monitoring are thought to be 

roughly the same in L1 and in the second/foreign language (L2/FL) writing. Nevertheless, 

text production in a foreign language is associated with greater cognitive effort. In 

addition to coping with conceptual requirements set by the task (i. e. planning and 

producing coherent text), L2 writers must come to terms with the cognitive demands of 
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expressing their ideas in a language in which they have to get by with more limited 

resources and less automatized processes compared to their L1. Among those more 

limited resources are generally smaller vocabularies per language and grammatical 

knowledge that is limited by the constraints of the respective proficiency in the target 

language. Processing limitations, among other things, involve comparatively less 

efficient lexical retrieval and less automatic syntactic encoding, and less ease in creating 

text cohesion and revision (Kormos 2011). Unsurprisingly therefore, L2 writing processes 

have been found to be less automated, usually resulting in shorter, less cohesive, and 

less accurate output that tends to be lexically and syntactically poorer than texts written 

in the L1 (Silva 1993). 

2.2 Task effects 

How allocation of attention affects language performance and development has long 

been a question in L2 or FL acquisition research, also in the domain of writing (see e. g. 

Kuiken/Vedder 2008; Kormos 2011; Frear/Bitchener 2015). In current task-based 

approaches to FL learning and teaching (Willis 1996), tasks are the main element that 

can be adapted in complexity to alter the cognitive demands placed on learners (Skehan 

1996). 

Robinson (2001: 294) distinguishes between two dimensions along which task 

complexity can be manipulated: resource-direction (i. e. more or fewer elements, higher 

or lower cognitive demands in terms of reasoning and planning) and resource-depletion 

(e. g. a task involving little planning time or not providing much background knowledge). 

Robinson posits that higher resource-directing demands raise the functional or 

communicative demands of a task. 

To match these high functional demands, learners arguably generate more elaborate 

language structures and produce more complex L2 speech and text. In contrast, 

increasing the resource-depleting dimension of a task is thought to decrease the memory 

resources available for attending to language form, lowering the quality of language 

output in more complex tasks. Notwithstanding these predictions, studies that have 

addressed the issue have come up with inconclusive results (for a discussion see 

Johnson 2017). As discussed below, translation tools can be expected to affect both 

resource direction (increase or decrease in reasoning demands) and resource-depletion 

(increase or decrease of planning time). 

2.3 Complexity and accuracy 

Language performance is commonly described along the dimensions of complexity, 

accuracy, and fluency (CAF; Housen/Kuiken 2009; Pallotti 2009). In task-based learning 

settings, greater (lexical and syntactic) complexity in language production is associated 

with higher language competence; greater accuracy is the result of successful error 

avoidance; and fluency is the ability to produce language continuously and at adequate 

speed (Skehan 2009: 510). Performance in these dimensions not only depends on task 

complexity but is underpinned by a range of individual learner characteristics, including 
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attentional resources (Housen/Simoens 2016). Based on the uncontroversial insight 

outlined previously that cognitive processing capacity is limited, contrasting conceptions 

have emerged to explain the effects of task-induced cognitive involvement on language 

performance. 

The trade-off hypothesis (or Limited Capacity Hypothesis model) by Skehan and 

Foster emphasizes the point that cognitive processing ability is individually constrained. 

As learners reach their attentional limits, they are forced to focus on either meaning or 

form. When faced with difficult tasks that require more attention, learners are likely to 

prioritize content over language form (Kuiken/Vedder 2008). The model assumes that 

complexity, accuracy, and fluency are in competition, and higher performance in one of 

these dimensions can occur at the expense of the others (Skehan/Foster 2001; Skehan 

2009). In contrast, Robinson’s (2001) Cognition Hypothesis posits the existence of multiple 

attentional pools that are non-competing and can be accessed differentially as a function 

of task demand. 

Each model makes different predictions in terms of language output. On the one 

hand, the trade-off perspective expects a negative association of accuracy and com-

plexity (Skehan/Foster 1997, 2001). On the other hand, the Cognition Hypothesis claims 

that greater task complexity may promote attentional activation as it facilitates noticing 

and integration of new linguistic features, thus pushing learner performance towards 

greater accuracy and complexity (Robinson 2001: 34). At the same time, the Cognition 

Hypothesis assumes difficult tasks to be associated with lower fluency. In other words, 

while fluency contrasts with complexity and accuracy, the latter two are expected to 

correlate positively (Skehan 2003: 5). 

2.4 Tool use and writing task: Expected effects 

Based on the literature outlined in the previous section, different effects of tool use on 

the writing product can be hypothesized depending on 

(a) how the influence of tool use is conceptualized in terms of its contribution to task 
complexity (resource-directing and resource-depleting dimensions) 

(b) how tool use affects the different writing sub-processes (planning, formulating, 
monitoring). 

Tool use may affect the resource-directing dimension of task complexity both positively 

and negatively. Consulting external resources can raise reasoning demands as it 

requires learners to interrupt their writing, manage the look-up process, and transfer the 

result back to their texts. This is especially relevant for participants who use online 

dictionaries in a targeted way to search selectively for L2 vocabulary as needed during 

writing. That said, if such processes are familiar and automated, the time and effort 

invested may be minimal, reducing reasoning demands. 

In contrast, participants who compose their text in their L1 first and then feed it into 

a translator to produce the L2 text may experience reduced demands on the resource-

directing dimension, since they avoid constructing meaning directly in the L2. However, 
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this approach may also reduce opportunities for deeper engagement with the target 

language. These different behaviours (targeted search vs. full-text composition in L1 – 

machine translation in L2) can be investigated by tracking the time spent online and the 

types of tools used (dictionary or translator). 

In terms of the writing process, tool use is expected to ease formulation (translating 

ideas into the L2) and monitoring (revising the output). Online translators, in particular, 

may free attentional resources that can be directed to planning and text coherence. With 

reference to Robinson’s framework, this shift may reduce the resource-depleting impact 

of complex task features. 

To sum up, depending on the intensity and modality, tool use may have opposing 

effects: On the one hand, it may reduce task complexity by supporting formulation, in 

particular by allowing learners to write in a well-mastered language (L1) as opposed to 

a less well mastered target language (L2). This can speed up the process, especially if 

large chunks or entire texts are first written in the learner’s L1 and then translated. But 

more targeted tool use also allows learners to quickly fill language gaps, potentially more 

efficiently than relying solely on their (by definition) limited L2 knowledge. Overall, if tool 

use is efficient, it likely results in more accurate and more elaborate output. On the other 

hand, tool use can also increase task complexity by requiring learners to switch between 

programs and interfaces, which may be time consuming for less experienced users. 

Such task switching can divert attention from composition and negatively affect text 

coherence and complexity. 

2.5 Operationalizing complexity and accuracy 

In this contribution, we analyse various complexity metrics, and we also include the 

number of tokens in the final product per time spent on the task among these metrics, 

as is done by other scholars in the field (e. g. Struc/Wood 2011: 50). Another approach 

would consider this last metric as a measure of fluency. Fluency metrics typically 

examine overall quantity of language produced per temporal unit, pausing behaviour or 

the number and quantitative features of productive bursts in the writing process. Although 

analysing fluency and pausing behaviours is possible, there are many open questions 

as to what a pause (in the first or in the target language) means and how it should be 

defined and operationalized (see Michel et al. 2020 for discussion). Due to space 

restrictions, we plan to address these questions in a separate contribution and will focus 

on the effects on the textual product in this article. 

As outlined previously, tool use – if efficient – is expected to help with formulation 

(spelling and grammar) and lead to more accurate texts. Also, if participants choose to 

use a translator, typing their ideas in the L1 as they go, they are able to formulate more 

complex utterances which arguably will also lead to more complexity in the target 

language. In other words, these participants would dispense less effort on formulating, 

leaving more attentional resources to be dedicated to planning and possibly revising. 
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The trade-off or cognition hypotheses were developed without taking into account 

additional language-support tools, such as those used by our participants. The predic-

tions of the two models thus need to be used cautiously in our context. The competition 

between accuracy and complexity predicted by the trade-off hypothesis need not apply 

when digital tools are used, as attention to formal aspects in the L2 may be ‘outsourced’ 

partly or entirely to the tools. Thus, the tools take away cognitive load related to form and 

free up resources for meaning. This may apply in particular if entire sentences are fed 

into an online translator. Texts could turn out to be both more accurate and more 

complex, which admittedly would be compatible with the cognition hypothesis. However, 

competition between the different dimensions would remain if the process of meaning 

consultation required more cognitive effort (i. e. resulting in increased reasoning 

demands). 

To sum up, there is little doubt that digital tool use should yield more accurate output, 

while the expectations regarding the textual complexity are unclear: First, we do not know 

to what extent tool use changes task complexity and second, there are competing 

hypotheses regarding the existence of trade-offs and regarding the way tool use might 

have an impact on the different requirements imposed by the task. 

3 Participants, material, and procedure 

3.1 Participants 

We tested a total of 274 participants who were between 16 and 21 years old. All partici-

pants were enrolled in a vocational training program with parallel schooling (leading to 

the Swiss professional baccalaureate “Berufsmatura/maturité professionnelle”). Their 

domains of vocational training involved IT, commerce, health care, and design and arts. 

The aim of the study program is to get to a level of B2 in English as a foreign language 

after four years of classes. The participants were enrolled either in a French-speaking 

(N=55) or a German-speaking (N=178) or a bilingual French-German (N=41) program. 

The sample consists of classes of pupils whose teachers responded positively to a mass 

email call for participation in a “study on digital tools and English foreign language 

learning”. 

3.2 Task 

The task (see the supplementary material1 for details) was to write an email to a potential 

employer located in an English-speaking area in order to apply for an internship or open 

position. Slightly different variants of the task were used in the repeated-measures design 

to avoid boredom and self-copying. The instructions were given in the school language 

(German or French) to ensure comprehension. Specific content elements were required 

in each writing task. These elements pertained to information about the applicants’ 

 
1 The effects... (2025). 
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education/curriculum, motivation, and future career plans. The students were asked to 

be as informationally rich and specific as possible. They had 30 minutes at their disposal 

to write their texts which turned out to be largely sufficient for task completion. 

The texts were produced in the respective classrooms on laptop computers provided 

by the researchers. They were written in Microsoft Word with spell-checking and 

grammar-checking options disabled. The writing was logged via InputLog (Leijten/Van 

Waes 2013). Log files were available for all texts, listing keyboard and mouse events 

with timestamps including resources consulted online in table form that allows the 

researcher to reconstruct the students’ activities. 

For the sake of maximizing ecological validity, in the condition in which tools were 

allowed, no constraints were imposed on the participants as to the type of tool (online 

dictionary or translator) or how they wished to employ them. Thus, the learners were free 

to use the tools just for looking up specific words or problems or to write the whole text 

in their L1 and then have it translated in one go. 

3.3 Procedure and text corpus 

The data were collected in three steps: First (T1), the baseline texts were written by all 

participants without access to any digital tools. Second (T2), the pupils wrote a second 

text in a randomly assigned condition: either again without any online tools (identical to 

T1, control condition), or with online tools. A subset of the students who wrote in the 

online condition received an introduction to the functioning and use of online translation 

machines and dictionaries. More specifically, a one-lesson classroom intervention was 

designed to raise students’ awareness of the strengths and limitations of these tools. 

The session began with a guided discussion in English to activate prior knowledge 

and explore learner attitudes towards translators and dictionaries (10 minutes). This was 

followed by an individual translation task in which students compared outputs from 

DeepL and Pons to highlight differences in contextual accuracy and appropriateness 

between translators and dictionaries (10 minutes). In the main phase, students engaged 

in three scaffolded tasks to develop strategies for using these tools effectively, including 

identifying appropriate use cases, detecting idiomatic mismatches, and testing trans-

lation reliability through re-translation (e. g. from L1 – L2 – L1; 20 minutes). The lesson 

concluded with a plenary feedback session and a brief instructional video summarizing 

key takeaways (5 minutes). The activities were designed to equip learners with practical 

techniques for informed tool use in foreign language writing. All materials can be 

downloaded from Online translation tools (s. a.). 
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Table 1 gives an overview of the number of texts per condition in the data. 

condition texts 

T1 baseline 238 

T2 control (offline) 78 

T2 no instruction (online) 83 

T2 instruction (online) 73 

Total 472 

Table 1: Number of texts per time and condition 

The students were clustered in classes, the number of students per class who partici-

pated in the different writing sessions (text 1 and text 2) are given in the supplementary 

material (Table S3). 

After the two text writing sessions, we had a total of 472 texts at our disposal for 

analysis. The InputLog files were processed with a custom-tailored script that extracted 

information on the time spent working in Word, the type of online resources used (e. g. 

DeepL, Pons, etc.), the number of switches between Word and those resources, and the 

respective time spent interacting with the online tools. 

To test the relevance of the different metrics analyzed for the writing task, we also 

had a panel of 10 human raters assess the texts along different dimensions, one of which 

was the extent to which the texts are deemed to achieve the communicative goals of the 

writing task. The associations of the average rating of task achievement with all other 

variables analyzed below will be discussed in the results section. 

3.4 Complexity metrics 

The complexity metrics were generated via a workflow that uses and adapts freely 

available software. 

The first analysis involved parsing all texts with the Stanford parser (Socher et al. 

2013). Based on the output of the parser, we calculated different metrics of complexity 

as proposed by Lu (2010). Using a modified R Script based on the R implementation of 

Lu’s L2SCA (https://sites.psu.edu/xxl13/l2sca/) we produced 14 different metrics of 

complexity, both on the level of T-units and of clauses. 

A second analysis sent the texts through the UDPIPE annotation software (Wijffels 

2018) in order to lemmatize the texts. Based on the lemmatized texts, different lexical 

diversity metrics could be generated via functions provided by the koRpus package 

(Michalke 2020). Moreover, an R script unifies the spelling to UK and looks up the corpus 

frequencies in a film subtitle corpus (van Heuven et al. 2014). Based on these 

frequencies, metrics of lexical rarity or sophistication can be calculated. 

https://sites.psu.edu/xxl13/l2sca/
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This workflow produces an overwhelming number of potentially usable metrics. Based 

on previous research (McCarthy/Jarvis 2010; Biber/Gray/Kornwipa 2011; Vanhove et al. 

2019), we selected a subset of metrics in order to address the research questions spelled 

out above. 

For lexical diversity, we use two type-token based metrics, a simple one and a 

complex one. The simple metric is Guiraud’s index. 

𝐺𝑢𝑖𝑟𝑎𝑢𝑑’𝑠 𝑖𝑛𝑑𝑒𝑥:
𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑇𝑦𝑝𝑒𝑠(𝑙𝑒𝑚𝑚𝑎𝑠)

√𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑇𝑜𝑘𝑒𝑛𝑠2
 

We chose this index as it is considered a valid metric for lexical richness (diversity) when 

texts are assessed within the framework of the levels of the CEFR (Treffers-Daller/ 

Parslow/Williams 2016). Moreover, as shown in Vanhove et al. (2019), Guiraud’s index 

turns out as equally valid a predictor of human ratings of lexical diversity of text pro-

duction as more complex metrics. Guiraud’s index corrects to some extent for text length 

but is not entirely independent of it. As our texts are rather variable in length (min 71, 

max 560 tokens, sd 86.0), a metric that better corrects for text length was also included. 

We chose MTLD72MA, which is an updated version of the MTLD72 (discussed in 

McCarthy/Jarvis 2010). Broadly speaking, the MTLD is the ratio of tokens and so-called 

‘factors’, that is subsequent sequences of tokens until a certain type-token-ratio threshold 

is reached (here: 0.72). MTLD72MA (MA stands for “moving-average”) calculates these 

factors with moving windows, starting each time at the subsequent token (see Michalke 

2020 for more details). Lexical sophistication (also sometimes called rarity) is measured 

using the mean Zipf-transformed frequency of the unique lemmas of each text (following 

Vanhove et al. 2019: 515). 

There are many possible metrics that operationalize syntactic complexity of written 

texts. Certain metrics, such as T-unit complexity ratio or clausal coordination, seem less 

appropriate for written texts: As shown by Biber, Gray and Kornwipa (2011), an increase 

in this type of complexity is characteristic of conversational patterns, not writing. In 

writing, phrase complexity metrics (such as complex nominals and complex phrases) 

should be taken into account when investigating development. From the metrics 

generated by our pipeline, we thus chose the number of complex nominals per clause 

and the mean length of clause, as recommended by Biber, Gray and Kornwipa (2011) 

for the assessment of complexity in academic written prose. We use Lu’s (2010: 483) 

operationalization and count as complex nominals all nouns with a modifying adjective, 

possessive, prepositional phrase, or with a relative clause, participle, or appositive, but 

also nominal clauses and gerunds and infinitives (the latter two only when in subject 

position). 

The students had 30 minutes at their disposal, but there was some classroom-life 

related variability in how much time they really dedicated to the writing task. To compare 

how much text the learners produce within a given time unit, we divided the text length 

(number of tokens produced) by the total time the students worked on their laptops. This 
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metric ranges considerably from 2.83 tokens to 25 tokens per minute (mean=9.89, 

sd=3.33). 

3.5 Accuracy metric 

The text files produced by the students were processed both automatically and manually. 

The manual processing involved error correction of the texts, for two reasons: First, error 

correction is needed to assess the accuracy of the texts, and second spelling errors 

needed to be corrected so that the automatic analysis could identify the lemmas correctly. 

Accuracy was calculated following Foster and Wigglesworth (2016: 104) by seg-

menting the texts into clauses. In a second step, three raters independently evaluated 

the clauses for spelling errors, syntactic/grammatical errors, and semantic/lexical errors. 

Punctuation was disregarded. All error types were coded individually, but no differential 

weighting was applied in the scoring system. Interrater reliability was assessed using the 

intra-class correlation coefficient (ICC) appropriate for interval-scaled data and multiple 

raters (Hallgren 2012). The ICC (two-way, consistency, average measures) was 0.98 

(95 % CI: 0.969–0.987), indicating excellent agreement between raters. The accuracy 

metric used here is the ratio of correct clauses per total number of clauses produced in 

a given text. We generated two variants of the metric, one taking into account 

capitalization and the other not. The two are so highly correlated (0.96) that for the 

remainder of this contribution we only use the metric that does not take capitalization into 

account. 

Table 2 gives an overview of the metrics used in our analyses. 

abbreviation metric construct level reference 

MLC mean length of 
clause 

complexity clause Lu (2010) 

CN.C complex nominals 
per clause 

complexity clause Lu (2010) 

Guiraud Guiraud’s index complexity vocabulary Treffers-Daller/ 

Parslow/Williams 

(2016) 

MTLD72MA moving-average 
measure of textual 
lexical diversity 

complexity vocabulary McCarthy/Jarvis 
(2010) 

LemmameanZipfUnique mean Zipf-
transformed corpus 
frequency of the 
unique lemmas of the 
text 

complexity vocabulary Vanhove et al. 
(2019) 

accuracy proportion of error-
free clauses 

accuracy clause Foster/Wiggles-
worth (2016) 

nTokensPerMinute number of tokens 
produced per minute 

complexity 
(fluency) 

vocabulary Struc/Wood (2011) 

Table 2: The metrics used in the analyses 
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4 Results 

4.1 Tool use 

The first analysis is based on the InputLog data. To answer research questions (1) and 

(2) above, we identify the tools used by the students and calculate the number of 

switches to these tools on average for the two online conditions. 

Figure 1 shows the relative switches to dictionaries and translation machines. The 

preferred choice rather clearly is the DeepL translator. However, this does not mean that 

the students predominantly had larger text chunks translated by this tool: As survey data 

show (Udry/Berthele 2023), learners often use translators as dictionaries, in that they 

simply type in a single target word rather than larger chunks. A qualitative examination 

of randomly picked InputLog files confirms this use of DeepL, GoogleTranslate or 

Microsoft Translator for single lexical items also in our sample. 

Fig. 1: Mean number of switches to specific tools in the writing task. 
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Table 3 shows the combination of tools across the two online conditions. The counts 

do not represent the number of switches, but only if a given tool was used or not. 

Tools used instruction no instruction 
DeepL 21 (30 %) 48 (59 %) 
PONS 9 (13 %) 8 (10 %) 
None 3 (4 %) 6 (7 %) 
GoogleTranslate 0 (0 %) 4 (5 %) 
PONS + DeepL 17 (25 %) 4 (5 %) 
MicrosoftTranslator + DeepL 0 (0 %) 2 (2 %) 
MicrosoftTranslator + ReversoTrans 0 (0 %) 2 (2 %) 
DeepL + GoogleTranslate 0 (0 %) 1 (1 %) 
DeepL + LEO 6 (9 %) 1 (1 %) 
MicrosoftTranslator 0 (0 %) 1 (1 %) 
MicrosoftTranslator + DeepL + GoogleTranslate 1 (1 %) 1 (1 %) 
MicrosoftTranslator + LEO 0 (0 %) 1 (1 %) 
PONS + GoogleTranslate 2 (3 %) 1 (1 %) 
PONS + LEO 2 (3 %) 1 (1 %) 
LEO 3 (4 %) 0 (0 %) 
MicrosoftTranslator + PONS 3 (4 %) 0 (0 %) 
PONS + DeepL + LEO 2 (3 %) 0 (0 %) 

Table 3: Tools and tool combinations used across the two conditions. The percentages add up to 
100 % per condition. The number of cases is slightly lower than in Table 1 because in some cases 
the InputLog software failed to record usable log files. 

Our task instructions did neither constrain the learners regarding the choice of digital 

online tools nor regarding the intensity of their use. Therefore, the texts were produced 

with considerably variable tool use behaviour. Figure 2 sheds some light on these 

patterns by showing the number of switches to online tools and the total time spent 

online. 

The figure shows that if a learner switches very frequently, they typically spend a bit 

less than half of the total time allocated for the task online. If switches are relatively 

infrequent, this represents a continuum of behaviour between two opposed poles: Some 

participants spend most of the time online (upper region on the y-axis), which means that 

they write their text in an online translation machine and copy and paste the translated 

text into Word (either once towards the end of the task or in a piecemeal way). Another 

subgroup spends relatively little time online and switches rarely or occasionally to online 

tools. At first sight this seems to characterize the behaviour of learners who genuinely 

make an effort to write in the target language and who use the tools in a focused way to 

solve specific language problems. This is the case for the points in Figure 2 that represent 

users who predominantly use dictionaries (dark blue). Qualitative exploration of the data 

shows that there is an alternative pattern: Some learners write their text in L1 in Word 

and copy and paste it later into a translation machine (and then come back and replace 

it with the translated text). Beyond these two extreme subgroups, many learners show 

an intermediate number of switches and spend an intermediate time span online. 
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Fig. 2: Number of switches from Word to an online tool and the proportion of time spent online 
(online with and without instruction). The darker the points, the more dictionaries were used, the 
lighter the points, the more translators were used. 

In sum, the analyses show that students prefer online translators (Figure 1) and that their 

switching behaviour varies greatly (Figure 2). 

4.2 Text characteristics 

The third research question above concerns the effects of digital tool use on the writing 

outcome. As discussed in the literature review above, there are different effects imagin-

able regarding the effects of the tool use on the written texts. If tools are allowed and 

used, the task changes in nature, which arguably influences the two components com-

plexity and accuracy of the output. We investigate first the impact of the tool use on 

complexity and accuracy separately. 

4.2.1 Complexity 

The expectation regarding (lexical and structural) complexity is unclear. On the one 

hand, we hypothesize that using the tools adds complexity to the task, which might 

reduce complexity in the output due to increased cognitive load. On the other hand, the 

tools, if used productively, help planning and revising the text, which might decrease task 

complexity and lead to increased complexity in the output. Given the inconclusive 

previous evidence on the matter, our hypothesis on the effect of tool use on complexity 

is thus undirected: 
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Hypothesis on complexity and tool use (“condition tool use” in the models described 

below):  

If participants use online tools when writing the second texts, these texts’ complexity 

will change more compared to the first texts written (without tools) than if the second 

texts are again written without tools. Given the competing ideas and predictions 

discussed above, the complexity change induced by tool use can be positive or 

negative, and not all metrics of complexity may be affected in the same direction. 

Differences in complexity are operationalized within subjects as the difference 

between the second and the first texts. 

Hypothesis on complexity and instruction on tools (“condition tool instruction” in the 

models described below):  

Complexity relative to the first texts written is higher if the online tool use is preceded 

by instruction compared to the condition without instruction. The directionality of this 

effect is grounded in the assumption that even brief instruction may foster the use of 

more complex means of expression. 

As shown in Figure 3, the structural complexity (here we show the proportion of complex 

noun phrases per clause, see supplementary material for figures of all variables) does 

not change if students are using online tools, and there is no difference between the 

instructional conditions.  
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Fig. 3: Complex noun phrases per clause across the different conditions. Text 1 was always 
written without any tools, the second was written either again without tools (left panel), with tools 
but no instruction (middle panel), or with tools with instruction (right panel). The figure shows the 
density of the distributions and the median (horizontal line) and individual changes (red lines 
decrease between the two measurement points, blue lines increase). 

The lexical complexity, as far as lexical diversity is concerned, increases slightly, in 

particular if we consider the MTLD72MA metric (Figure 4). 
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Fig. 4: Changes in lexical diversity (MTLD72MA) across the three conditions. 

There is also a slight increase of the group average in the Guiraud metric, but only in the 

condition without instruction (see supplementary material, Figure S7). 

Moreover, an alternative metric for lexical complexity, the relative rarity of the words 

used, increases visibly for the two online conditions (see Figure 5), but there is also a 

slight increase in the offline condition for the second text written by the students. 
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Fig. 5: Changes in lexical rarity as measured by the Zipf-transformed mean subtitle corpus 
frequency of the unique lemmas. 

The number of tokens per time unit in the final product might be affected in different ways 

by tool use. Texts could be longer if large parts are written directly in the translator in the 

L1, as multilinguals are generally more fluent in their L1. This effect might even be larger 

if learners who work in the condition without tools spend much time thinking as they 

cannot get any help from online tools. Conversely, texts with the tools could be shorter, 

for at least two reasons: First, tool use takes up time and may thus compete with writing 

time. Second, texts may be shorter as the translators arguably reduce the typical 

translate-and-paraphrase phenomenon that leads to longer translations (Danielsson 

2007). Thus, in this view, using automatic translators would lead to more condensed 

structures than non-assisted word-by-word translation. 
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Fig. 6: Changes in number of tokens in final text per minute across the three conditions. 

There seems to be a weak negative effect of tool use on the number of tokens written 

per minute (Figure 6). This is particularly the case if the offline condition for text 2 is taken 

into account: Students who work offline in the second task as well write more tokens per 

minute, whereas students who go online for text 2 write slightly fewer tokens. However, 

as the individual lines between text 1 and text 2 show, there is considerable inter-

individual variability regarding this variable. As Figure 7 shows, the time spent online is 

weakly negatively associated with the number of tokens produced per minute for all types 

of switching (low, intermediate or frequent switches). 
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Fig. 7: Proportion of time spent online and the number of tokens written per minute; the three 
panels represent learners that show low, average, and high switching rates between the word 
processor and the online tools. The upper panel shows the range of average number of switches 
per group shown in the three panels. 

As regards complexity, the data show that lexical complexity slightly increases with tool 

use, but that the two syntactic structural metrics do not change (see Figures 4 and 5 and 

S4 – S8 in the supplementary material). The two different online conditions do not show 

a differentiating impact on the texts produced. 

In addition to visual inspection, we fitted regression models to further examine the 

data. The nominal predictors (the conditions in which the texts were written) were 

contrast coded following Vanhove (2020) so that the regression models directly test our 

hypotheses related to research question 3 above. All following models use the formula, 

with the different metrics as dependent variable (DV). 

DV ~ studentconditions + (1|class) 

Since our learners are clustered in classes, we included random effects per class 

(1|class) in the models. A first version with random intercepts per class and random 

slopes per class and condition (1+condition|class) yielded singular fits so that we only 



Raphael Berthele & Isabelle Udry & Didier Yourassoff trans-kom 18 [2] (2025): 625–655 

The effects of digital tool use on complexity and accuracy Seite 644 

of written texts in English as a foreign language 

 

 

included the random intercepts per class in the final models (see supplementary material 

for details). The variance explained by the class level (intra-class correlation) is very low 

(0.01, 0.02, and 0.06 for the three metrics respectively, cf. supplementary material for 

full detail). This means that the learners’ responses are only very little influenced by their 

respective classes. 

The results for the three lexical metrics discussed above are given in Table 4. Tables 

S6 and S7 in the supplementary material show the null results for the two syntactic 

complexity metrics for which the visual inspection already suggested that there is no 

effect across the conditions. 

MTLD 72 MA unstandardized standardized     

Predictors estimate (SE) 
confidence 

interval estimate 
confidence 

interval t value p value 

condition tool use 
(vs. no tool use) 5.01 (1.4) 2.27 – 7.76 0.51 (0.14) 0.23 – 0.79 3.58 0.001 

condition 
instruction (vs. no 
instruction) 0.98 (1.64) -2.24 – 4.19 0.1 (0.17) -0.23 – 0.42 0.6 0.555 

Guiraud             

condition tool use 
(vs. no tool use) 0.13 (0.09) -0.05 – 0.32 0.21 (0.15) -0.08 – 0.49 1.41 0.161 

condition 
instruction (vs. no 
instruction) -0.22 (0.11) -0.44 – 0.00 -0.34 (0.17) -0.68 – 0 -1.96 0.055 

Lemma mean Zipf 
unique             

condition tool use 
(vs. no tool use) 0.07 (0.03) 0.02 – 0.13 0.38 (0.15) 0.08 – 0.68 2.52 0.013 

condition 
instruction (vs. no 
instruction) -0.05 (0.04) -0.12 – 0.03 -0.24 (0.19) -0.61 – 0.13 -1.28 0.209 

Table 4: The impact of going online or not (condition tool use) and the difference of being online 
with or without instruction (condition tool instruction) on three lexical complexity metrics (raw and 
z-standardized dependent variables). The t and p values show that the tool use condition leads 
to significant changes for the MTLD 72 MA and the Lemma mean Zipf metrics. 

Applying the conventional threshold of 5 % for the p value, the models listed in Table 4 

show a significant effect of the online conditions compared to the offline condition for two 

out of the three metrics of lexical complexity. The effect has a negative sign for the lexical 

sophistication measure. Since lower values on this measure correspond to rarer, more 

sophisticated vocabulary, this negative effect should be interpreted as an increase in 

lexical sophistication. For lexical diversity, there is a positive effect on the MTLD72MA 

metric, but no significant effect for the Guiraud Index. A possible explanation for these 

non-aligned metrics is that the latter is less independent of text length than the former, 

and the texts in the online conditions tend to be somewhat shorter (see below, Table 6). 

The effect of condition only explains a small proportion of the overall variance in the data. 



Raphael Berthele & Isabelle Udry & Didier Yourassoff trans-kom 18 [2] (2025): 625–655 

The effects of digital tool use on complexity and accuracy Seite 645 

of written texts in English as a foreign language 

 

 

This is expressed by the low R2 scores in all models fitted (Conditional R2 of 0.064, 

0.047, and 0.102 respectively for the three lexical metrics, see supplementary material, 

Table S17). In addition to these lexical measures, text length also seems to be affected 

by tool use: As shown in Figure 7 and in the regression model (Table 5), the number of 

tokens produced per minute significantly decreases when online tools are being used. 

4.2.2 Accuracy 

The expectation regarding accuracy is straightforward and admittedly a bit trivial: We 

expect the texts written with the tools to be more accurate, as in particular the translation 

tools not only produce correct spelling, but also (more) correct syntax/grammar. 

Fig. 8: Changes in accuracy across the three conditions. 

There is a considerable positive impact of tool use on accuracy, for both online conditions 

compared to the offline condition. Accuracy in the two online conditions is positively 

associated with the time spent online (Figure 9), and there is no interaction with the 

average number of switches between the online tool and the word processor. Thus, 

regardless of whether a learner switches very frequently or infrequently, the more time 

they spend online, the more accurate the text will be. This difference, as shown by the 

regression analysis in Table 5, is statistically significant. Again, no impact is found of the 

instruction on online tools. 
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Fig. 9: Proportion of time spent online and accuracy; the three panels represent learners that 
show low, average, and high switching rates between the word processor and the online tools. 

n tokens 
per minute unstandardized standardized   

Predictors 
estimate 

(SE) 
confidence 

interval estimate 
confidence 

interval 
t 

value 
p 

value 

condition tool use 
(vs. no tool use) -1.98 (0.36) -2.7 – -1.27 -0.80 (0.15) -1.09 – -0.51 -5.44 <0.001 

condition 
instruction (vs. no 
instruction) -0.4 (0.47) -1.32 – 0.52 -0.16 (0.19) -0.53 – 0.21 -0.85 0.403 

accuracy             

condition tool use 
(vs. no tool use) 0.13 (0.03) 0.07 – 0.19 0.65 (0.15) 0.36 – 0.93 4.46 <0.001 

condition 
instruction (vs. no 
instruction) -0.01 (0.04) -0.08 – 0.06 -0.06 (0.18) -0.41 – 0.28 -0.36 0.722 

Table 5: The effect of going online or not (condition tool use) and the difference of going online 
with or without instruction (condition tool instruction) on the text length and accuracy metrics (raw 
and z-standardized dependent variables). 
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The model summaries in Table 5 show a statistically significant impact of going 

online on both variables, a negative one for the change in number of tokens produced 

per minute, and a positive effect for change in accuracy. There is no difference between 

the two online conditions. The effect of condition again explains only a relatively small 

proportion of the variance in the data, which is expressed by the low R2 scores in all 

models fitted (Conditional R2 of 0.214 for n tokens per minute and 0.126 for accuracy, 

see supplementary material for full detail). As in the previous analysis, the intra-class 

correlation is low (conditional ICC 0.069 and 0.033). 

4.2.3 Task achievement and trade-offs 

Metrics of complexity and accuracy do not necessarily measure features that are directly 

related to the degree to which the task (here: write an application letter/email) can be 

considered successfully achieved by the text. It seems nevertheless interesting to 

explore how metrics of complexity and accuracy are associated with task achievement. 

Table 6 shows that more complexity and more accuracy are consistently positively 

associated with the attainment of the objectives formulated in the task instruction as 

assessed by human raters (task achievement). The correlations of the three lexical 

complexity metrics and task achievement are all moderate. Lexical sophistication shows 

a relatively high linear association, in particular in the offline condition, suggesting that 

the use of more sophisticated vocabulary coincides with better fulfilment of the commu-

nicative task. The relatively low association of the number of tokens per minute is not 

surprising, as this variable is not directly visible in the output and the positive association 

is thus an effect of this variable’s positive association with surface features of the texts. 

We have discussed different expectations regarding trade-offs among the three 

dimensions in the literature review section above. There is disagreement in the literature 

as to whether there is competition between some of the components or, on the contrary, 

mutual positive influence. If accuracy and complexity go hand in hand, as Robinson 

(2001: 306) claims, no trade-off between the two dimensions and thus no negative 

association between metrics operationalizing the two constructs is expected. On the 

contrary, an increase in one would be associated with an increase in the other. Following 

this rationale, we can hypothesize that if the tools help with accuracy, they should thus 

also help with complexity. 

To get an overview of the direction and strength of the linear associations, we can 

take a look at correlation matrices. Figures S14 and S15 in the supplementary material 

show heat-maps of all associations of our metrics in the online and offline conditions. 

Since we are most interested in the trade-offs between accuracy and all other variables, 

Table 6 shows the correlation coefficients for each variable with accuracy in both 

conditions. The table also shows the linear association between the complexity metrics 

and task achievement as rated by a panel of human raters. 
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Table 6: Correlations of all variables with accuracy and with task achievement (offline and online 
conditions). The metric for lexical sophistication (LemmameanZipfUnique) was recoded here so 
that higher values represent more sophistication. 

If there were a clear trade-off between accuracy and the other metrics, we would expect 

there to be negative correlations. There are two weak negative correlations in the offline 

condition for the two syntactic metrics; all other coefficients are positive. In the online 

condition, all associations except one are positive. There is a weak negative association 

with the number of tokens produced per minute, a variable that is also negatively 

associated with other complexity variables. 

Overall, no strong relationships between accuracy and complexity emerge from the 

data. There is weak evidence for the aforementioned trade-off between complexity and 

accuracy in the offline condition. In the online condition, there is no evidence for such a 

trade-off. The metrics we discussed all show the expected positive association with task 

achievement, which confirms that they are related to what human raters perceive as 

relevant aspects of the texts with respect to the communicative goal they are supposed 

to reach. In the online condition, these associations are weaker, which could be an effect 

of less variability in these metrics than in the offline condition. 

5 Discussion 

The real-world question underlying our research project is in what respect exactly texts 

written with online tools, both translation machines and/or dictionaries, are different 

compared to texts the same learners write without any such help. The dimensions along 

which we analysed the texts were complexity (lexical and syntactic) and accuracy 

(proportion of error-free clauses). 

5.1 Dimension-specific impact of digital tool use 

The analyses above show that the texts are indeed different, but not regarding all 

analytical dimensions. The most important difference is the least surprising one: Online 
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tools clearly help learners to produce more accurate texts in the target language. Not 

only are texts produced with these tools overall more accurate, there is also a weak 

positive linear relationship between the time spent online and the accuracy of the texts. 

The second difference pertains to the lexical complexity: Texts written with online 

tools tend to include more sophisticated (i. e. less frequently occurring) lemmas than 

texts written without such tools. Moreover, there is a tendency towards a more diverse 

use of lemmas compared to the condition without online tool use. These differences are 

not enormous, but statistically significant. Syntactic complexity was analysed using two 

metrics where higher complexity is associated with longer clauses and more complex 

noun phrases. Neither of these two indicators is associated in a significant way with the 

conditions investigated here. Thus, it seems that the main impact of the use of digital 

tools on complexity lies on the level of the lemmas selected in writing. 

The impact on the amount of text produced is again measurable: Writing in the online 

conditions tends to lead to slightly fewer tokens produced per time unit. Different 

explanations are possible for this finding. On the one hand, the effect might be that doing 

the writing task while using online tools divides the time between writing in the word 

processor and interacting with the online tools, thus leading to shorter texts simply 

because less time is dedicated to the actual writing. This is corroborated by the insight 

that learners who spend more of the task time online write less than those who spend 

little time online (Figure 7). On the other hand, using online tools, in particular translation 

machines, produces more idiomatic and therefore often less periphrastic text, which 

could also account for overall shorter productions. The two explanations are not mutually 

exclusive, and the effect overall is not dramatic. 

5.2 Associations and trade-offs 

Based on the literature on the topic and on the unclear expected effects of the online 

condition on task complexity, no clear predictions were formulated regarding potential 

trade-offs between accuracy and complexity. As discussed above, the online variant of 

the writing task is arguably more cognitively demanding due to the switches between 

resources, which may entail lower complexity of the written text, but on the other hand, 

it may also foster more complexity in the texts due to the scaffolding impact of dictionaries 

and translators. 

The exploration of these associations shows no evidence for consistent and strong 

negative associations of the two dimensions of complexity and accuracy. In the offline 

condition, while the lexical metrics all point towards a positive association of richness 

(more different and more sophisticated words are used when texts are more accurate), 

the two syntactic metrics show weak negative associations. In the online condition, these 

weak negative estimates disappear (and converge to zero), while the lexical metrics stay 

positive but weak (diversity) or become stronger (sophistication). Using language-

support tools thus does not seem to increase the competition between the two attentional 

foci (one on accuracy, the other on complexity). Thus, while the offline condition yields 

inconsistent results with a possible weak trade-off regarding syntactic complexity and 
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accuracy, the data gathered in the online condition seem to point more towards the ab-

sence of a trade-off and to a weakly positive relationship between the two components. 

Overall, no strong trade-off effects can be found in either condition, and if anything, 

the data seem slightly more compatible with Robinson’s idea that complexity and 

accuracy are not in competition but go hand in hand. 

5.3 Limitations and outlook 

The analysis presented here pertains to the quality of the writing product in terms of 

complexity and accuracy. Several limitations can be identified that could be considered 

in future research addressing the effects of digital tool use on various L2 writing 

processes as well as on target language learning. First, more process-oriented informa-

tion could be taken into account. One hypothesis outlined above was that access to 

online dictionaries and translators would allow participants to dedicate more attentional 

resources to the planning and revision of their texts. Examining the log files in more detail 

with respect to time dedicated to each stage of writing could address this question. 

Further analyses also could involve a less theory-driven and more data-driven 

approach to text classification. Given the ease with which the corpus tools used can 

produce a multitude of metrics, many more indicators, in particular of complexity on the 

lexical, phrasal, and clausal level, could be produced and the associations of single or 

combinations of indicators with the online/offline conditions could be further investigated. 

Moreover, as we have texts written by learners both enrolled in French and German 

curricula, the specific impact of the first and dominant languages, French and German, 

could be investigated. 

Finally, this study focuses on digital translation and dictionary tools as they are 

commonly used in foreign language writing today. However, as one reviewer rightly 

points out, a broader comparison including offline tools such as printed dictionaries would 

further contextualize our findings. We have addressed this question in a related study 

(Udry/Berthele 2025), which compared the effects of using online and paper dictionaries 

on vocabulary retention following a meaning-focused reading task. That study found 

significantly better vocabulary learning gains for the online dictionary condition, suggest-

ing that the medium and format of support tools can indeed influence learning processes. 

While our present study did not include paper-based tools, these earlier findings reinforce 

the importance of differentiating between tool types, both in terms of their design (digital 

vs. print) and their mode of use (whole-text translation vs. selective word lookup). Future 

research should further explore how these factors interact across different language 

skills and learner populations.  
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6 Conclusion 

Our study investigates two domains: First, we shed light on the question what inter-

mediate learners use in terms of online tools, and how they use them when carrying out 

a writing task. Second, we investigate the impact of these (varying) uses of online 

language tools on the product of the writing task, with a focus on the two dimensions 

complexity and accuracy. 

Our results show that the dimensions under investigation change in a differentiated 

way when such tools are used, and that the main impact of tool use concerns the 

accuracy and the lexical complexity of the texts. 

Writing tasks in foreign/second languages that involve different degrees of digital 

tool usage are common in real life. We believe it is important to acknowledge this also in 

foreign/second language teaching and think of ways to include digital translation aids in 

everyday classroom practice (Berthele/Udry 2023; Udry/Berthele 2023). For example, 

the tools may be used to encourage noticing (Schmidt 1993) of salient text features by 

having students compare and/or correct juxtaposed learner-generated and automatically 

generated (translated) texts. 

The effect of our intervention, aiming at making tool use more adequate and efficient, 

was negligible in terms of measurable changes in learners’ written output. One likely 

reason is that the intervention was short, spanning only one lesson. While this may have 

been sufficient to raise awareness, it was not enough to consolidate or automatize new 

behaviours. Further studies should take this into account and vary the intensity and 

duration of the instructional component to allow for more extensive practice and reflec-

tion. Moreover, the question arises under what circumstances learners actually acquire 

language-related knowledge through tool use. Thus, investigations of varying degrees of 

involvement load while looking up words or translating text chunks would be a welcome 

extension of the work presented here. 

Lastly, including tools that not only translate but also generate texts, such as 

Microsoft Bing Chat or ChatGPT, should be included in the empirical investigation of 

digital tool use in foreign/second language learning and teaching. 
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