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Abstract
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Crowdsourced Adaptive Comparative Judgment: A community-based solution for proficiency rating

Proficiency is an essential construct in Second Language Research: accurate and reliable proficiency assessment measures are a prerequisite for any study that seeks to provide meaningful developmental interpretations of research results (Norris & Ortega, 2003; Pallotti, 2009; Leclercq & Edmonds, 2014). Many definitions of the notion of language proficiency have been proposed and discussed, with the most comprehensive definition by Hulstijn (2011: 242) beginning as follows:
Language proficiency (LP) is the extent to which an individual possesses the linguistic cognition necessary to function in a given communicative situation, in a given modality (listening, speaking, reading, or writing). Linguistic cognition is the combination of the representation of linguistic information (knowledge of form-meaning mappings) and the ease with which linguistic information can be processed (skill). Form-meaning mappings pertain to both the literal and pragmatic meanings of forms (in decontextualized and socially-situated language use, respectively).
Despite of the importance of the construct to L2 research, the measurement of proficiency has not always received the attention it deserves, and practices of proficiency level assignment have been the subject of continued criticism (e.g. Hulstijn, Alderson, & Schroonen, 2010). In Learner Corpus Research, more particularly, Carlsen’s (2012) review of some of the most commonly used methods of proficiency-level assignments of texts showed that many learner corpora still rely on variables such as ‘institutional status’ or ‘year of study’ as a proxy for proficiency, despite the fact that these external criteria are largely regarded as unreliable (Thomas, 1994).
One way to address these criticisms is to adopt a systematic a posteriori text-based approach to proficiency as was done, for example, in the compilation of the AndreSpråksKorpus (ASK), a learner corpus of Norwegian as a second language. The ASK compilers made use of several methods grounded in the professional field of language assessment to obtain reliable scoring of essays collected from two standardized language proficiency tests. These included the development of a manual with recommended procedures for linking learner texts to the Common European Framework of Reference for Languages (CEFR, Council of Europe, 2001) scales, the development of benchmark texts illustrating typical texts at the different levels, and careful rater training. The ASK texts were rated by a minimum of five trained raters (200 texts out of 1,222 were even rated by 10 raters). Estimates of rater severity and rater reliability were also used to ensure consistency among raters, to provide feedback to the raters and to evaluate the rating procedure (see Carlsen, 2012 for more details). While this approach is undoubtedly exemplary, the drawback is “the time and costs required” (ibid.: 179). In practice, learner corpus compilers often do not have the necessary resources to have all learner texts that they collect rated by a (large) group of trained raters. 
While some learner corpora improve on the current state of the art by including text-based proficiency scores, these scores are typically the result of judgments made by only one or two raters (e.g. the ETS Corpus of Non-Native Written English (Blanchard, Tetreault, Higgins, Cahill, & Chodorow, 2014), the MERLIN corpus (Bärenfänger, 2013)). In addition, even when measures of inter-rater reliability are reported for rubric-based (or analytical) proficiency assessment of learner corpora, agreement is often below acceptable levels of reliability (e.g. absolute agreement indices seem to range from 55% in Paquot (2018) to 64.9% in Díez-Bedmar (2012)). There may be a variety of reasons to explain these unsatisfactory results, including poor quality control procedures such as the insufficient rater training or the lack of use of benchmark writing samples (issues which may be impacted by limited time or funding). Nevertheless, the current status quo represents a challenge for all of us who are interested in using learner production data.
Rubric-based assessment comes with other issues that have been extensively documented in the literature (e.g. Weigle, 2002). Among other things, concerns surrounding its reliability and validity often stem from the challenges associated with the development and use of assessment grids (Pollitt & Murray, 1996; Rezaei & Lovorn, 2010). As for validity, i.e. “the degree to which evidence and theory support the interpretations of test scores for proposed uses of tests” (AERA – APA – NCME, 2014, p. 11), assessment grids often: (i) require raters to evaluate criteria that the rater does not attribute to the targeted competence, (ii) conflate multiple dimensions of a competence into a single dimension, and (iii) apply equal weights to dimensions of a competence that raters would perhaps weight differently (van Daal, Lesterhuis, Coertjens, Donche, & De Maeyer, 2019). When it comes to reliability, i.e. “consistency of the scores across instances of the testing procedure” (AERA – APA – NCME, 2014, pp 33), previous language assessment studies have also reported a lack of consistency among raters in terms of the target construct. They have also suggested that “judges often make relative judgments” according to their own internal conception of the construct (van Daal et al., 2019: 60), which together can lead to a decrease in inter-rater reliability, i.e. “the level of consistency with which two or more judges rate the work or performance of test takers” (ibid., pp. 220).
For all the reasons mentioned above, rubric scoring does not appear as a viable solution for the (often large scale) proficiency rating of learner corpora. One method that is increasingly used for text assessment purposes for its arguably increased inter-rater reliability, construct validity and time/cost efficiency is comparative judgment (CJ; Pollitt, 2012a). The method of CJ is based on Thurstone's (1927) ‘Law of Comparative Judgment’, which asserts that "a person perceiving some phenomenon will assign to it some instantaneous ‘value’ [...], and that when we ask them to chose the ‘better’ of two such phenomena it is these values that are compared" (Pollitt, 2012b: 159). This has been restated as the assumption that people are able to compare two performances more easily and reliably than to assign a score to an individual performance (Lesterhuis, Verhavert, Coertjens, Donche, & De Maeyer, 2017). The CJ approach involves the consensus of a panel of judges who are asked to compare two performances of any kind (be they dance performances, design portfolios, or, as in the present study, written learner productions) and to simply decide which of them is better. From many such pairwise comparisons, a scaled distribution of performances is then produced by means of a Bradley-Terry-Luce (BTL; Bradley & Terry, 1952; Luce, 1959) model, a type of logistic model that predicts the likelihood of one performance in a paired comparison outperforming the other (Pollitt, 2012a). Because this method requires a substantial number of comparisons to produce a reliable scale of (learner) performances, the implementation of an iterative and adaptive pairing algorithm has been proposed as a solution to increase efficiency of the CJ method, in an extension of CJ known as Adaptive Comparative Judgment (ACJ; Pollitt, 2012a, 2012b). Under the ACJ framework, performances are paired adaptively according to their intermediate ability estimates (i.e. intermediate assessments of performance quality that are recomputed at each comparison and used to pair performances with similar scoring), reducing the overall amount of comparisons required to achieve a reliable scale of performance abilities. Another major benefit of the approach is that since judges only have to choose the best text, severity or leniency cannot influence the final scores (Bramley, 2007; Whitehouse & Pollitt, 2012).
A second critical assumption underpinning CJ is its reliance on holistic judgment: Judges do not receive criteria to guide their judgment process, but at best a general description regarding the (writing) competence to be assessed. Holistic scoring encourages judges to focus on the text more than on the criteria listed in the rating scale, thus favouring holistic judgment of quality instead of a fragmented view of writing (Pollitt, 2012a). The combination of holistic scoring and a comparative method has been increasingly applauded for “making reliable the assessment of skills that are currently problematic” (Pollitt, 2012a: 292). This includes the assessment of writing quality, a multidimensional and complex construct for which CJ/ACJ tasks have already been reported to produce reliable and valid results (e.g. Lesterhuis et al., 2017; Lesterhuis, van Daal, Van Gasse, Coertjens, Donche, & De Maeyer, 2018; van Daal et al., 2019). 
The time/cost efficiency associated with CJ/ACJ is typically attributed to the speed with which each comparison can be executed and the minimal training required for holistic CJ assessment. This is very different from rubric scoring where more robust outcomes are associated with previous experience and training (Weigle, 1994, 1998; Cummins, 1990; Rezaei & Lovorn, 2010; Rezaei & Barkaoui, 2020). By contrast, no prior experience is compulsory to complete a CJ task and judges do not necessarily need to familiarise themselves with detailed or multidimensional assessment criteria (Jones & Wheadon, 2015). In a meta-analysis on the reliability of comparative judgment, Verhavert, Bouwer, Donche and Maeyer (2019) reported that in the body of CJ studies they reviewed, expertise did not seem to limit the level of reliability that could be achieved. First, no difference in reliability was found between experts and peers (typically fellow students who had performed the task under assessment themselves or had experience with the task in a previous phase of their studies or fellow researchers), which Verhavert et al. (2019: 557) explained by the fact that experts and peers alike are familiar with the type of texts being assessed and know what to look for in a CJ task. Second, novices (defined as judges with no domain-specific expertise, no experience in assessment, and who did not receive specific training) could reach as high levels of reliability as experts and peers. The only difference was that assessment tasks with novices needed more comparisons per text and texts per judge for an equal probability of reaching an asymptote in the reliability, i.e. the point where adding more comparisons will not induce a significant increase in reliability (ibid: 555).  
The main aim of this Methods Showcase Article is to demonstrate how the technique of adaptive comparative judgement, coupled with a crowdsourcing approach to recruit judges, can offer practical solutions to the reliability issues as well as the time and cost difficulties associated with a text-based approach to proficiency assessment in learner corpus research, and L2 research more generally. Crowdsourcing refers to the practice of soliciting contributions from a large group of people or the general public rather than from traditional employees or suppliers. While crowdsourcing was first used by linguists for its speed and cost benefits for annotation and translation (Snow, O’Connor, Jurafsky, & Ng, 2008; Callison-Burch, 2009; Hsueh, Melville, & Sindhwani, 2009), Munro, Bethard, Kuperman, Lai, Melnick, Potts, Schnoebelen, and Tily (2010) demonstrated with a series of experiments that, “in a range of linguistic disciplines from semantics to psycholinguistics it enables systematic, large-scale judgment studies that are more affordable and convenient than expensive, time-consuming lab-based studies” (p. 129). 
We showcase this method by reporting on the methodological framework implemented in the Crowdsourcing Language Assessment Project (CLAP) and presenting the results of a first study that sought to address the following research questions:
RQ1	Can a crowd of people be used to assess learner texts reliably in an ACJ task?
RQ2	To what extent do the scores generated by a crowdsourced ACJ task compare with the scores generated by other text-centred methods that are more frequently used in learner corpus compilation?
RQ3	What is the impact of different language skills, training and expertise on a crowdsourced ACJ task?

To ensure that all readers can replicate the experiment and/or try it out on a new dataset, we use OSF (https://osf.io/89vm4/) to provide access to all material except the learner texts that are distributed commercially.
Method

This section presents the methodology used to collect and analyse judges’ decisions on an ACJ task. We follow the step-by-step approach to ACJ presented in Lesterhuis et al. (2017: 121-123) and first define the competence and task (i.e. the learner texts used).1 We then present a detailed and comprehensive overview of the online platform we selected to run the experiment and the procedure used to collect crowdsourced assessments. Finally, we discuss the calculations used to model the pairwise comparison data and evaluate the final rank ordering as well as the statistics used to answer our research questions in detail with a view to providing replicable guidance.

Definition of the competence and task

The underlying construct that is being assessed in a comparative judgement task is entirely dependent on (or even defined by) the assessment criteria provided for the judges and the shared background/experiences of the judges. In this experiment, we opted for an approach where the description of the competence (i.e. what constitutes L2 proficiency) is minimal: we only asked judges to decide which text between two is written by a more advanced speaker. We opted for the word ‘speaker’ as a lay term that refers to someone who is able to speak a particular language.  Unlike in some other CJ studies, no detailed description of the competence was provided. We wanted to explore the potential of CJ to its full extent (so that the construct of proficiency be entirely constructed on the experiences of our panel of judges or crowd) and avoid guiding the attention of judges to specific predefined criteria (so that the judgments remain holistic). 
The learner texts come from the ETS Corpus of Non-Native Written English, which consists of 12,100 TOEFL essays from EFL learners with 11 language backgrounds that were sampled from eight retired TOEFL independent prompts (Blanchard et al., 2014). We selected 50 essays to be entered into the CLAP platform for comparative judgement (length in number of words: min = 71, 1st qu = 222.5, median = 272, 3rd qu = 300.5, max = 421). All of these essays were written by learners whose L1 is French and were written in response to the same prompt:
“Do you agree or disagree with the following statement? Successful people try new things and take risks rather than only doing what they already know how to do well. Use reasons and examples to support your answer.”
Each text comes with a measure of academic English proficiency (low, medium, high). The score levels represent the full range of proficiency (from beginners to advanced learners). They were calculated by combining individual 5-point scale scores given by two human raters and a third one in case of disagreement (according to criteria described in the rubric available at https://www.ets.org/s/toefl/pdf/toefl_writing_rubrics.pdf) and then by collapsing this combined score into a 3-point scale (see Blanchard, Tetreault, Higgins, Cahill, & Chodorow, 2013: 68 for more details about the essay scores). Table 1 shows the number of texts per proficiency level (with their corresponding score on the 5-point scale) and the average number of words per text by level.


Table 1
Learner Texts Used in the ACJ Task
	Proficiency level
	Low [1 –  2]
	Medium [2.5 – 3.5]
	High [4 – 5 ]

	Number of texts
	12
	19
	19

	Number of words (median (IQR))
	148.5 (73.25)
	270 (51.50)
	292 (27.50)



The ETS Corpus of Non-Native Written English is distributed by the Linguistic Data Consortium (https://catalog.ldc.upenn.edu/LDC2014T06).

Choice of an ACJ tool
We used ComPAIR, i.e. an open source comparative judgment tool designed for in-class peer-review activities (Potter, Englund, Charbonneau, MacLean, Newell, & Roll, 2017),2 in the CLAP project (see Figure 1). The tool was selected over several similar CJ tools on the market because it is both freely available (contributing to our goal of cost efficiency) and allows for adaptive text pairing. The platform was hosted locally on a university server, which allows for oversight over user traffic and data storage as well as for the complete customization of the platform interface; the latter feature was important to the current project as this allowed for the adaptation of the peer-review tool for crowdsourcing purposes. ComPAIR automatically selects text pairs to be compared according to one of two options: (a) adaptive (this option tracks dynamic scores for each text and pairs similarly-scored texts) and (b) random (pairs are selected based on chance alone). Traditional approaches to ACJ pair texts adaptively according to intermediate ability estimates produced by iterative BTL models after each judgment round (following a set number of 'Swiss tournament' style rounds)3 by means of pairing algorithms that balance randomness and ability (Bramley, 2015).  ComPAIR, by contrast, makes use of the Elo scoring system (Elo, 1978), a system that was originally developed to estimate the relative strength of a player in zero-sum games such as chess, for both the pairing and ranking of texts. In such a scoring system, all texts begin with an equal score and a certain amount of points are taken from the losing text and awarded to the winning text, with the specific amount of points taken dependent on the respective scores of the two competing texts (i.e. a low-score text will take more points from the defeat of a high-score text than in the reverse scenario). The use of Elo scores as opposed to the output of iterative BTL models allows for adaptive pairing already from the second comparison round (though the limited data in the first few rounds equates to the 'Swiss tournament' pairing method in effect). Texts are thus paired by ComPAIR according to: (i) the number of times the text has already been compared and (ii) similarity in Elo scores. The tool allows for the same texts to be compared multiple times. We opted for the adaptive pairing algorithm and also made a number of adjustments to the online tool: 
(1) The ComPAIR platform user interface is designed for classroom peer-review projects, so we modified the template somewhat to strip away peer-review features (e.g. menus for different class assignments, feedback boxes on comparison page, etc.), in addition to simplifying the workflow of the platform to better suit the crowdsourcing approach (e.g. we bypassed one page in the flow from the homepage to the comparison page, and we simplified most pages to reduce any possible confusion for the users).
(2) We made use of Google Forms and Google Apps scripts to automate CLAP registration and collect metadata from participants. On submission of a Google registration form, users are assigned and emailed their CLAP username and password. The Google form is embedded in the CLAP homepage (http://clap.uclouvain.be).
(3) The username and password combinations that are assigned in the Google Form/Sheet are imported into the CLAP database before the project launch so users are able to access the platform immediately upon receiving the registration email.
The ComPAIR code can be downloaded from https://ubc.github.io/compair. The OSF project page includes a folder with the files that have been adapted for CLAP together with a readme file that gives an overview of the adaptations made and the steps one would need to follow to reproduce the CLAP platform.

Figure 1
A Comparative Judgment Task with a Modified Version of ComPAIR (Potter et al., 2017)
[image: ]

Selection of judges: crowdsourcing an ACJ task
We solicited comparisons between May and August 2020 via a number of professional mailing lists (most notably the mailing lists of the Learner Corpus Association4 and the European Network for Combining Language Learning with Crowdsourcing Techniques (enetCollect5) and personal contacts. Diverging somewhat from typical crowdsourcing approaches, we did not try to recruit the general public (i.e. novices). Instead, we tried to delimit the target crowd in such a way that it would mostly include language ‘aficionados’ and/or language specialists of all kinds, i.e. university professors, researchers, language teachers, MA and PhD students specializing in languages, language pedagogy, linguistics, etc. The rationale behind this focus on fellow students and colleagues (referred to as ‘peers’ in the remaining of this article) was that people who had task-specific experience (because they had performed the task under assessment themselves, for example) have been found to reach results that are as reliable and as valid as those of experts in CJ (Verhavert et al., 2019). Note that this approach also did not rule out that experts (here defined as professionals in foreign language assessment) contribute to the task.
Judges were only asked to choose between two texts “which text is written by a more advanced speaker” (Figure 1). As explained above, this was done to make sure that the construct of proficiency be entirely constructed on the experiences of our crowd, as well as to ensure that the judgments remain holistic. Another practical but important reason is that   crowdsourcing task design guidelines recommend that tasks should be kept short, simple and intuitive, use compact guidelines and do not assume the same understanding of the terminology (Sabou et al., 2014; Demartini, 2015).
Unlike in traditional crowdsourcing tasks, and to answer research question 3, we asked judges to fill in a short questionnaire about their L1 and educational background, proficiency in English and previous experience and training evaluating learner writing. Forty-three judges participated in the experiment. Among them, nine judges were native-speakers of English; the remaining judges were speakers of a variety of languages including Chinese, Dutch, French, German, Lithuanian, Portuguese, Russian and Polish. As shown in Table 2, all judges except one hold a university degree. The large majority of the judges self-assess their English proficiency at the C level on the Common European Framework of Reference for Languages (Council of Europe, 2001) (Table 3). Judges come with varying experience in rating learner writing, with 17 of them (39.5%) assessing learner writing on a regular basis as language examiners, language teachers or content teachers (Table 4) and 13 others (30%) never assessing learner texts. Table 5, however, shows that more than 50% of the judges received training in the evaluation of writing, mostly as part of their teaching training.

Table 2
Highest Level of Education Completed
	Education
	Secondary
	Bachelor
	Master
	Doctorate

	Judges
	1
	10
	15
	17




Table 3
Self-assessed Proficiency
	Self-assessed proficiency
	B2
	C1
	C2

	Judges
	2
	10 (23%)
	31 (72%)




Table 4
Experience Rating Learner Writing
	
	Never
	Rarely
	Occasionally
	Frequently

	As a language examiner
	29 (67%)
	3
	3
	8 (19%)

	As a language teacher
	17 (40%)
	6
	7
	13 (30%)

	As a content teacher 
	21 (49%)
	5
	6
	11 (26%)

	Any of the above
	13 (30%)
	
	
	17 (39.5%)



Table 5
Training Received in the Evaluation of Learner Writing
	
	Yes
	No

	
	23 (53%)
	20 (47%)

	Teacher training
	20
	23

	Language center
	6
	37

	Proficiency exams
	9
	34



Preparation of the assessment and assessment process
Several decisions need to be made and parameters set when preparing an ACJ task, which will influence the resulting rank order. They relate to the number of comparisons judges will need to make, how often a text will need to be compared, and how the task will be introduced to the judges (Lesterhuis et al., 2017: 122). Given that, unlike in other ACJ studies, we were crowdsourcing the judgments, we decided not to set a minimum threshold for the number of comparisons judges would need to make so that potential judges would not be discouraged from participating. For the same reason, we opted against setting a maximum number of comparisons that a text would need to enter as we could not estimate this number based on the current state of the art (no other study reported a reliability level for a crowd of judges). To make sure the task would remain quick enough for a crowdsourced task, we also decided not to provide any details about the competence being assessed (see above) or any form of training. Every judge received a pair of texts and was asked to select the one written by the more advanced speaker. After choosing a text, the judge received a new pair to compare and so forth. The tool implemented in the current project offers an option that makes it possible to provide comments but we disabled that feature. In the whole judgement task, 318 comparisons were made, which represents 26% of all possible comparisons (318/1225). Each essay was assessed by 20 judges on average (min = 16, max = 22), involved in 20 rounds on average (min = 16, max = 22), and was compared to 15 other essays on average (min = 10, max = 22). Each judge made 10 comparisons on average (min = 1, max = 33), with nine judges contributing between one to three comparisons.

Calculations and statistical evaluation
With each judgment made on the CJ platform, the outcome of each comparison is updated in the platform's database along with the ability scores for each text. When enough texts have been compared, all comparisons made over the course of the project can be extracted from the database in CSV format (including ID numbers for both texts in each comparison, the winner of the comparison, the comparison round, and the ID number for the user who made the comparison, among others; see Table 6) for further computation of CJ models and associated rank order and fit statistics (in this case using R). Note that the ComPAIR output also provides elo scores for all texts; we decided not to use them because they do not come with Rasch statistics (see below). Instead, following the approach described in Pollitt (2012a), the pairwise comparison data generated with the ComPAIR platform were modeled according to an extended Bradley-Terry-Luce (BTL) model (Bradley & Terry, 1952; Luce, 1959) using the btm function from the R-package sirt (version 3.9-4, Robitzsch, 2020), from which Rasch measures were computed. To generate the BTL model using the sirt package, the ID numbers for both texts in each comparison, a binary value for the winning text (0/1), and the ID number for the judge were provided as arguments to the btm function from the CSV output extracted from the CJ platform's database. The BTL object generated by the btm function stores values for ability estimates, Rasch fit statistics for texts and judges, and reliability measures, in addition to estimated probabilities and residuals for each comparison from which the fit statistics can also be manually computed (see Appendix S1, Appendix S2, and Appendix S3). As shown in Appendix S1, the final text rank ordering is computed on the basis of sirt measures for individual texts.

Table 6
ComPair Output
	user_id
	answer1_id
	answer2_id
	winner
	round_
compared
	completed
	pairing_algorithm

	3061
	413
	437
	answer2
	5
	1
	adaptive_min_delta

	3067
	402
	436
	answer1
	5
	1
	adaptive_min_delta

	3067
	406
	411
	answer2
	5
	1
	adaptive_min_delta

	3067
	409
	432
	answer1
	5
	1
	adaptive_min_delta

	3067
	421
	418
	answer1
	5
	1
	adaptive_min_delta

	3061
	417
	422
	answer1
	5
	1
	adaptive_min_delta

	3067
	423
	427
	answer2
	5
	1
	adaptive_min_delta

	3067
	399
	405
	answer2
	5
	1
	adaptive_min_delta

	3067
	410
	430
	NULL
	5
	0
	adaptive_min_delta

	3061
	403
	445
	answer1
	5
	1
	adaptive_min_delta




The reliability of the crowdsourced ACJ task (RQ1) was evaluated with a Scale Separation Reliability (SSR) measure, which is an indication of the stability of the rank orders, that is, the internal consistency of the results of an assessment (Pollitt, 2012a; Verhavert et al., 2019). This can also be interpreted as an indicator of how well the scale separates the representations (here, learner texts): a high SSR indicates minimal measurement error, which suggests that the position of the texts on the scale is quite fixed (Lesterhuis et al., 2017: 127). Verhavert, De Maeyer, Donche, & Coertjens (2018) also recently demonstrated that SSR can be seen as an estimation of interrater reliability (i.e. it informs on the reproducibility of the results across groups of judges with equivalent background characteristics). 
Fit statistics from Rasch analysis were also computed for each judge and learner text (Pollitt, 2012a). In the context of CJ, fit statistics are indicators of the fit of individual judges and/or individual texts to the Bradley-Terry-Luce model predicting the outcome of the comparisons. Fit statistics are of two types: infit and outfit. In this study, we only examined infit scores as they are less prone to occasional mistake and are therefore often preferred in the ACJ literature (Lesterhuis et al., 2017: 128).  These quality control measures are computed as the sum of standardized squared residuals (i.e. the difference between predicted and observed comparison outcomes) weighted by the sum of the information (i.e. the product of the probability of a comparison outcome and its reverse outcome) of all judgments made by a judge or all judgments made on a text (Pollit, 2012b: 164). Infit scores for judges serve to provide an estimate of how much judges deviate from the group consensus: a large infit for a judge means that “they consistently judge away from the consensus” (Lesterhuis et al., 2017: 128). Note that infit scores for judges who contributed few comparisons (see above) may not be stable and will need to be evaluated with caution. On the other hand, infit scores for texts provide an estimate of how ambiguous a learner text is for the group: a large infit for a text indicates that it leads to more judgments that are inconsistent. An infit score that is greater than the mean plus two standard deviations is considered large or significant (Pollitt, 2012a).
All statistical analyses were performed with R (R Core Team, 2019). RQ2 focuses on the relationship between the final ACJ ranking and proficiency levels as commonly used in L2 research. It was addressed by means of linear regression modelling (lm function) with ‘rank order’ as dependent variable and ‘proficiency level’ as independent variable. Given our a priori hypothesis that rank order would increase with proficiency level, we ordered the factor levels from low to high and defined orthogonal contrasts for sequential-differences testing. The effects package (Fox & Hong, 2009) was used to explore the effect of the independent variable visually and the emmeans (Lenth, 2021) package was used to calculate the confidence intervals for model estimates. Model diagnostics were checked using the gvlma package (Pena & Slate, 2019).
To answer RQ3, we used Mann-Withney-Wilcoxon tests to compare infit scores for individual judges across groups (are there significant differences between judges with lower or higher proficiency, with or without rating experience, with or without training received in the evaluation of learner writing) and examine whether specific groups of judges would interpret writing quality differently from the others. 
For all statistical tests, the alpha level was set to 0.05.
In the OSF project, we share the dataset with all the comparisons made between texts which can be used to recreate the BTL model. 

Results

     Rank-ordering the 50 essays from the text written by the least advanced speaker (rank = 1) to the text written by the most advanced speaker (rank = 50) resulted in a ‘perceived writing quality’ scale with high reliability (Scale Separation Reliability (SSR) = .95). Figure 2 also shows that the SSR reaches asymptote, meaning that the returns on the SSR (i.e. the difference in SSR between a round and the previous round) remained below .01 for three consecutive rounds, after 14 rounds. This means that the measurement scale (i.e. the ranking) is stable and that it already reached stability or consensus in judgment after 14 rounds.

Figure 2
How Many Rounds are Necessary to Reach Asymptote?
[image: ]

Three raters out of 43 (7%) exhibit infit values larger than the cutoff value of the mean plus two standard deviations: raters 3021, 3025, and 3045 (see Appendix S2; misfit = 1). The three raters vary in L1 background (Arabic, English and Chinese), but all of them report frequent experience rating learner texts either as an examiner for language proficiency, as an instructor in a language course and/or as an instructor in a content course, and they also received formal training in the evaluation of learner writing. It is also worth noting that while the first two raters contributed sixteen comparisons, rater 3045 only made two judgments, which probably means that his or her infit score should be treated with caution. There are also two misfit texts: text 408 and text 424 (see Appendix S3). The two texts both have a low ranking according to the ETS raters.
[bookmark: _GoBack]To answer RQ2, a linear model was fit with ‘rank order’ as the dependent variable and ‘proficiency level’ (low vs. medium vs. high) as the independent variable. The model is significant (F =25.88 , df1 = 2, df2 = 47, p < .001) and accounts for a moderate amount of variance in the rank order (adjusted R² = .5). It is presented summarily in Table 7. The nature of the effect of proficiency level is relatively straightforward and shown in Figure 3. There is a significant tendency such that lower, medium and higher rank ordering are associated with low, medium and high proficiency level respectively (as recorded in the ETS Corpus of Non-Native Written English). Model diagnostics with the gvlma function revealed no problematic aspects of the final model. The gvlma function tests for linearity, normality of distribution of the residuals, variable type, and homoscedasticity, and showed that all assumptions were acceptable.

Table 7
Summary Results of the Regression Model Used to Answer RQ2
	
	Estimate
	β
	Std. error
	t value
	p
	95% CI

	(intercept)
	23.66
	-0.126
	1.49
	15.92
	< .001
	[3.49, 21.8]

	LEVELlow  medium
	12.66
	0.868
	3.79
	3.34
	0.002
	[17.65, 36.0]

	LEVELmedium  high
	14.16
	0.971
	3.33
	4.25
	< .001
	[6.10, 22.2]








Figure 3
The Relationship between “Rank Order” and “Assessed Proficiency”
[image: ]

[bookmark: _gjdgxs]As shown in Figure 4, 10 out of the 12 (83.3%) ‘low’ texts are ranked among the first 12 texts with the lowest ranks (see Appendix S1 for the rank and proficiency level of each text). The two remaining ‘low’ texts are ranked 31 and 34 respectively, which indicates that they behave as outliers (defined here as texts with a rank greater to or less than the median ± 1.5*IQR). Similarly, 13 out of the 19 (68.42%) ‘high’ texts are ranked among the 19 best ranked essays. Lastly, 12 out of the 19 (63.16%) ‘medium’ texts appear between rank 13 and 31, as would be expected if the ranking perfectly matched the ETS proficiency levels (i.e. all ‘low’ texts would rank before all ‘medium’ texts, which would rank before all ‘high’ texts).







Figure 4
Distribution of Rank Order by Proficiency Level 
[image: ]
Note. Outliers are defined as texts with a rank greater to or less than the median + 1.5*IRQ and labelled with text ID; random jitter added to data points to avoid overplotting.


Finally, to answer RQ3, the impact of different language skills or language assessment expertise on the task of comparative judgement was evaluated by means of Wilcoxon tests. First, results showed that the differences in infit scores between the C1 (n = 10, median = 0.74, IQR = 0.50) and C2 (n = 31, median = 0.85, IQR = 0.47) judges was not significant (U = 147, p = .823, r = 0.038, 95% CI [0.005, 0.36]). We did not include the two B2 judges in this test because we did not have enough observations to include this proficiency level. However, we checked whether their judgments fit the consensus and this was the case. Second, the differences in infit scores between judges who had some experience rating learner writing (n = 30, median = 0.86, IQR = 0.46) and those who did not have any at all (n = 13, median = 0.75, IQR = 0.49) also proved not significant (U= 181, p = .724, r = 0.056, 95% CI [0.008, 0.39]). Only the difference in infit scores between raters who had (n = 23, median = 0.97, IQR = 0.77) and had not (n = 20, median = 0.68, IQR = 0.48) received formal language evaluation training was significant with a small effect size (U = 136, p = .022, r = .35, 95% CI [0.07, 0.61]). 

Discussion

Results show that a crowd of people is able to assess learner texts with high reliability (RQ1).  No effect of language skills (C1 vs. C2) or language assessment experience was found on the crowdsourced ACJ task, but there seems to be a significant difference in the decisions made by judges who received formal language assessment training and those who did not (RQ3). Altogether, however, the scores (i.e. the ranks) generated by the crowdsourced ACJ task exhibit a strong association with the scores that result from professional rubric-based language assessment at ETS (RQ2).
In their meta-analysis on the reliability of comparative judgement, Verhavert et al. (2019) reported that “an average of 13 comparisons per representation (min = 10, max = 14) is associated with a reliability of .70. A reliability of .80 is reached between 19 and 20 comparisons per representation. For a reliability of .90, i.e., with high stakes assessments, between 26 and 37 comparisons are needed” (Verhavert et al. 2019: 552). Against this background, reliability in our experiment is surprisingly high (with an SSR of .95) and quickly obtained (after 14 rounds). One possible explanation for these results is that the 50 texts used in this experiment span the full proficiency spectrum, from beginner to advanced, which makes them more easily distinguishable than texts produced by more homogeneous groups of students that have often been the focus of CJ/ACJ studies  (e.g. students in their fifth year of general secondary education, Lesterhuis et al., 2018; or university students taking a course as part of a pre-Master’s programme at a Flemish university; van Daal et al., 2019). A second explanation probably lies in the fact that the crowd of people we managed to recruit largely consists of master/PhD students, researchers and professors in language-related studies.6 As such, while they may not all have experience in language assessment, judges certainly have practical knowledge and an understanding of what good quality writing is. Our results thus support van Daal et al.’s (2019) suggestion that comparative judgement may also work in contexts without a clearly defined community of practice that would only be made up of actual experts in language assessment. Alternatively, it is important to note legitimate criticisms in the CJ literature of the extraordinarily high SSR values obtained across ACJ implementations (Bramley, 2015; Bramley & Vitello, 2019). These criticisms center around the fact that adaptive pairing algorithms reduce the opportunity for different texts to be paired with one another: "The adaptive algorithm is not likely to pair objects that appear to be very different, and thus the potentially disconfirming evidence for the hypothesis that they are indeed a long way apart is never collected" (Bramley & Vitello, 2019: 45). However, counter to these criticisms, our rank order has been demonstrated to exhibit external validity in that it is strongly associated with validated proficiency levels. Additionally, although a high proportion of the comparison rounds in the present ACJ implementation were adaptive, the pairing algorithm used here does differ from typical ACJ approaches in that Elo scores are more dynamic than iterative BTL models.
Importantly, the CJ task proved highly reliable despite the fact that we did not provide a general description of the construct of writing quality (we did not characterize or illustrate what a text written by a more advanced speaker would look like) as typically done in CJ studies. As commented by several of our colleagues in the pilot study, it is thus very likely that some judges will attach more importance to different aspects of writing quality:
“of course, with an underspecified task, you will have people who attach more importance to grammar, others to vocabulary range, others still to content. In other words, they will not necessarily assess the same thing” (comment from our anonymous survey)
The fact that CJ allows multiple judges to vary in the way they conceptualize writing quality and consider multiple aspects of the construct should add to the validity of the assessment task. Indeed, in CJ studies, validity has traditionally been rooted in two critical assumptions: holistic judgment and the shared consensus across judges on what constitutes good writing (see above; Jones, Swan & Pollitt, 2015; Whitehouse & Pollitt, 2012; van Daal et al., 2019). Until very recently, the validity of CJ was asserted rather than demonstrated and very little was known about whether or not the shared consensus across judges would ensure full construct representation, which is a necessity to claim validity (Messick, 1989). This has started to change. Two recent studies (Lesterhuis et al., 2018; van Daal et al., 2019) have tested the construct validity of CJ to assess academic writing and explored the nature of the shared consensus in such a holistic task by asking judges (secondary education teachers, university professors and researchers) to reflect upon their decisions. Both studies showed that judges consider a broad spectrum of aspects when comparing texts, which indicates that the considered construct of text quality in a comparative method and a holistic task is just as it should be, that is, multidimensional (Weigle, 2002). Also relevant here is the finding of Pollitt and Murray (1996) that comparative judgment tasks allow raters to adjust their judgment criteria according to the performance level under evaluation: “In the discussions of comparisons involving the higher-proficiency candidates [...], the almost total lack of reference to traits from the bottom of the scale suggests that judges were selecting their judgement criteria according to the joint level of the candidates involved” (p.5). This finding implies that comparative judgment allows for a more natural fluctuation in perceptions of proficiency than static assessment grids.
As reported above, a significant difference was found between judges who received formal language assessment training and those who did not. This difference is likely to reflect somewhat different conceptualizations of proficiency. Given that the final rank order is highly reliable, however, we can only conclude that the two groups together formed a consensus that probably rests on a more complex representation of text quality than if only one group had been involved. More research will be needed, however, to understand the effect of formal language assessment training on a CAJ task and to evaluate whether it is important to ensure that a given percentage of trained raters is always part of the crowd.
The two studies by Lesterhuis et al. (2018) and van Daal et al. (2019) also revealed that judges mentioned complex higher order aspects of text quality such as text organisation and argumentation, style and language use more often than aspects such as spelling or grammar errors. Such a focus on complex higher order aspects in the context of CJ may perhaps explain why two texts that were originally assessed as “low” based on a scoring rubric were ranked comparatively high compared to the median rank of low texts (see Figure 4). Text 411, for example, is interesting in how it features numerous spelling errors (e.g. businees, broder, coorporations, diferent) as typically found in a beginner text but also displays the use of varied and sophisticated vocabulary (e.g. diversity, policy, entity, assumption), collocations and other phraseological units (e.g. diversify + production, cut down + costs). It is also quite coherent and cohesive. 
	     
Text 411 (low text ranked 34; median rank of low texts = 7.5) (Blanchard et al., 2014)
I agree with the assumption that successful people always try new things and take more risk rather than doing what they already know . In effect , we notice that nowaday , people who are most successful in life are people who diversify their occupation . For them in order to stay competitive in the business word , one need to broader his businees field . Hence they are always trying a new field of business no matter for them what the risk will be . In fact in this globalisation of the economy the better you broder your business the more you are likely to survive in th business world . For instance we can refer to successful coorporations that intervent in several diferent business field . These companies by diversifying their business production are able to cut down the cost of producing goods . Therefore they can offer a very low price for the goods they are selling . So taking risks become part of the companies policies because that allow them to survive in the business market . In coclusion to remain successful in life , any persone or entity must try new thing and take more and more risks .

These characteristics probably explain why Text 411 was ranked high compared to the median rank of low texts in the CJ task. Other low texts do not display such characteristics, as illustrated below:
     	Text 441 (low text ranked 7; median rank of low texts = 7.5) (Blanchard et al., 2014)
Succesful people try new things and take risks rather than only doing what they already know how to do well . In first I think who it ’ s very important to take risks or try new things because the innovation it is the best quallity for pass in the life . For example if I open a restaurant i would like who he is different of others restaurants . it is very important who are difference between my restaurant and the others . The most quality of one cretors it is a innovation . In second it ’ s true who take risks and try new things it ’s not a good idea because it is very dangerous . If I open a restaurant with a new concept it ’s not mentionned that I will have a good results at the begining . It is a risk : we take it or we not take it . I understand that people try new things and take risks but I think who it is very dangerous but we must try or take risks for pass in the life .
It is interesting to note, however, that neither of these two texts led to judgments that were more inconsistent. As shown in Appendix S3, texts 411 and 441 were not found to be misfitting texts. 
Finally, one important lesson learnt from the experiment is that the efficiency of an ACJ task could be maximized if the task were monitored more closely. By checking SSR at each successive round, it would have been possible to stop running the experiment after fourteen rounds as the measurement scale was already stable then. Second, infit statistics identified three judges who deviated from the consensus. As discussed in Lesterhuis et al. (2017: 128), large infit scores for individual judges can be explained by different conceptualisations of what makes a representation better or worse: judges may define writing competence differently or they may attribute more weight to different aspects of the competence. If the misfit is diagnosed, it is always possible to remove the judge (if deemed necessary). Similarly, the two texts that are misfitting (text 408 and text 424; see Appendix S3) could also have been removed or they could have been included in more comparisons (Pollitt, 2012; Lesterhuis et al., 2017: 128).

Conclusion

The results of the experiment presented in this article suggest that the technique of adaptive comparative judgement combined with crowdsourcing has the potential to offer practical solutions to the reliability issues, as well as time and cost difficulties typically associated with analytical scoring in L2 research. The time/cost efficiency is clear. We did not hire practitioners nor did we provide compensation. We were nevertheless able to recruit 43 judges who performed altruistic work and made 318 comparisons in less than four months. Though more research is clearly needed, we believe our results are promising enough to argue that crowdsourced comparative judgment can be used to enrich L2 data with a form of text-based proficiency assessment that is still sorely lacking even for some widely used learner corpora. More generally, CJ may also serve to elicit human comparative judgments of other multidimensional constructs (e.g. complexity, accuracy, fluency) that have proved difficult to define and operationalize in the field of second language research.
[bookmark: _30j0zll]While we cannot rely on a strictly defined ‘community of practice’, our community, i.e. a crowd of language specialists of all kinds (peers and experts too), is vast, dynamic, and intrinsically motivated. Many of us are also teaching academic writing, language pedagogy, second language acquisition, etc. and could integrate such a CJ task into our teaching in one way or another. Many students around the world are being trained to become language specialists and/or language teachers and would definitely benefit from the discussions that could follow their participation. Last but not least, collectively, we are competent users of a variety of languages, which means that the technique could be used to enrich L2 data in many languages other than English. To this end, we share all material developed for the CLAP project on an OSF repertory.
Because ACJ has only been recently introduced as a new assessment domain, it is difficult to provide information about good reporting practices for the method. We recommend that authors adopt the step-by-step approach outlined in Lesterhuis et al. (2017: 121-123) and provide details about the following steps as was done in the Method section:
1. Definition of the competence and task
2. Choice of a tool
3. Selection of judges
4. Preparation of the assessment
5. Assessment process
6. Calculations (and statistical evaluation)
As a minimum, the following statistics should be reported and perhaps set against typical values for ACJ tasks as reported in Verhavert et al.’s (2019) meta-analysis: (1) a Scale Separation Reliability (SSR) score, (2) number of rounds performed (to reach an asymptote), (3) fit statistics for judges and texts. 
Because ACJ has only been recently introduced, potential avenues for future research are also numerous, but we identify the following as particularly urgent because they target potential limitations of the method. First, we would like to scale the study up by adding texts with a variety of topics to investigate whether the use of different prompts may have an effect on the reliability of the task. This seems particularly relevant as many available learner corpora include learner texts that feature a variety of topics. Another related question is whether it would be possible to ask judges to compare longer texts as learner corpora also often include texts longer than the texts used here. As discussed above, it also remains to be seen whether a CJ/ACJ task produces as reliable results as obtained in this experiment when the texts to be rated come from a potentially more homogeneous group of learners (many learner corpora feature texts at the more advanced CEFR levels only). Other avenues for future research include comparing rank orders created by different crowds of judges (as opposed to comparing infit scores from within a single rank order), and exploring the similarities and differences of CJ tasks when different definitions of the competence are provided (e.g. Would a different rank order be achieved if judges were not asked to choose the text written by the “more advanced speaker”, but by the “better writer” or the “more skilled writer”? How different would the rank order be if explicit assessment criteria were provided?). 
Finally, we believe that the ranking that is generated by an ACJ task is a more powerful type of proficiency information than the categorical variables that are often used in L2 research. Theoretically, and drawing an analogy with Luk & Bialystok’s (2013) statement that “bilingualism is not a categorical variable”, we would like to argue that language proficiency is not a categorical variable. Statistically, a numeric variable comes with more information value than categories such as low, medium and advanced or the proficiency levels on the Common European Framework of Reference for Languages (Council of Europe, 2001) (cf. Ortega, 2012: 131; Paquot, Naets, & Gries, 2021). That being said, the drawback of CJ is its self-contained nature, and what we can gain in precision, we may lose in generalizability and comparability across studies. For the method of ACJ to thrive in L2 research, it will probably be necessary to modify step 4 of the procedure described above and situate ranked texts against commonly used proficiency scales such as the CEFR. One way of doing that is to follow Lesterhuis et al.’s (2017: 131) suggestion to use an initial scale and benchmarks. This more standardized approach to proficiency should also make the results of an ACJ proficiency rating task usable in the more applied domains of L2 research where it is often necessary to target groups of learners when developing teaching curriculum and resources, or foreign language tests. 





Endnotes

1 The study design was piloted locally in 2019. During the pilot study, we used a set of 40 500-word sample texts from the International Corpus of Learner English (Granger, Dagneaux, Meunier, & Paquot, 2009). We received 104 total judgments from 13 colleagues and qualitative feedback from 11 colleagues. The two main areas of attention from the pilot study were that it may be difficult to compare texts on different topics and that it remains quite time consuming to compare relatively long texts. As a result, we decided to use shorter exam scripts written on the same topic in the main experiment. Other areas of feedback we received were minor issues with the user-interface.  
2 https://compair.open.ubc.ca/ 
  3 A BTL model requires at least a few rounds of comparison data. Texts are therefore typically paired according to a total win-loss count in the first few rounds (after an initial random pairing round).
4 https://www.learnercorpusassociation.org/
5 https://enetcollect.eurac.edu/
6 Only five judges could be described as laymen or novices with no language-related education and/or work experience. Interestingly, these judges were not identified as misfit judges, which means that they do not deviate from the group consensus.
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Text pair

‘ Answer 3

Feminists have done more har to the cause of women than good If | were to
respond spontanaously to this essay's fitl, | would say that this statement is
ertainly a male one. But on reflection, | consider that we should be cautious
about making over-simplified assertions and try to consider the emancipation
issue from a more prismatic point of view, which is not an easy undertaking.
‘According to emancipation fs <"> . Tha notion of emancipation impiies that of
equality and, considered under that angle, we are far away from the
emancipated human being the Western world claims as on of ts great
achievements. In my opinion, f would be wrong to denigrate the enormous
task accomplished by feminists suich as, for example, the Briish suffragetes.
Who could forget that n the 19th century many male itizens were legally
allowad to beat thei wife, that women were not admitted to universitis or that
they were deried the right to vote? But in the following lines, | will try to give a
quick outine of what | consider as being Important aspects of the
emancipation issue. As | see i, the question of emancipation is at s very
ssence an economic ono. Women now have the opportunity to work outside
their home which means that they can earn their own living and o longer
depend aconamicaly on thelr husband. Some may argue that women now.
have alot more to o than in earler days, that they must ry to combine the
‘work outside with that nside thelr home. But ifa worman's partnor does not
help her with the *homework", she now has the choice either to die in harness
or to revolt and possibly leave him. But many so-called “iberated” women
‘abuse of their power and itis a shame that they see to think that now itis
their tum to oppress others. In many areas of e, our social and financial
situation determinates the way in which we will be treated. Let us only take the.
‘examplo of medecine and law: the most competent medical specialists and
lavwyers are often reserved to the rich. But not only the financial situation may
bo an obstacle In @ person's Ife: n our bureaucratic society, where law fs
supposed to be accessible to al, you need a certain educational background in
order to manage to obtain what is considered to be your rights. What are the
most important rights a society should offer to s population? In my view, the
ight to work Is one of them. A job gives you financial Independence and the
sense to contribute towards  function of aur society which could be.
satistactory for all ts members. It s & pity that more and more people fear for
theirjob or find therselves shunted to one side. In order to safe money many
fobs are sacrified, which i the long run will only amplfy our problematic:
situation. These refiections lead me to consider our poliical word.

‘ Answer 4

Abortion Right at this moment thousands, maybe millons of women all over the.
world are faced with the difcult decision of kseping their unborn babies.
Aborion is - a fact which many people tend to overlook - as old as the human
race tself. From the earliest stages of mankind onwards women wera
onfronted with situations in which they found it impossible to give birth to &
hild. For whatever reasons many women saw an abortion as the only solution
to their (unwanted) pregnancy. As a result many of them lost their lves.
Nowadays the medical consoquences are less threatening to women but tho
psychological consequences stil weigh equally heavy on the mind Of those:
that have to maka the decision of Ifa and death. Abartion s a very delicate
private matter and it demands for & careful treatment by all those that have to
oal with it. Tnareforo abortion should not bo an exclusivoly politcal issuo.
Politcians rightly claim that it s essential to have at east one sort of legal
agroement on abortion dealing with specialised medical assistance such as
‘special abortion clinics where pregnant women can freely et the help they
nead. It seoms, however, strangs that polficians fool they ar entilod to mako
the most important decision of all for the people actually involved. Naturally
most poliicians will go very conscientiously about thelr task but not everyone
of themn is a qualfied doctor, psychologist or sociologist. Therefore they are not
fully able to grasp the complexity of the situation let alon the complexty of an
individual situation. Moreover most poliiians are men and it can hardly be
expacted of a man 1o put himself n the position of a young pregnant woman.
‘Some poliicians even go so far as to make such a delicate matter iie abortion
a Poltical issue of the highest importance e.g. by (abjusing itin their potical
‘campaigns. Naturally most politcians laim to represent society but it can be
argued here whether society has the right to pass a judgement on the problems
of the individual pregnant woman. It s so easy for people to condemn the
decislon of others on the basis of, for Instance, thelr elgious beliefs without
actualy realzing what is going on. It seems curious, absurd even, that a
partcular relgious congregation, say the Catholic Church, tries to dictate its
Iaws to people who do not share the same belief. But rligion i - at least for
some pregnant women - not the only issue here, Apart from religious motives
thee are many more opinions and considerations that have to be taken info
‘account. Everyone will have his or her lte say In this matter but It s the future
parents who have the final esponsibity of maldng a choice. In most cases
they will do what they think best n their situation. After all each abortion shouidt
be a carefuly considared personal decision by the people involved: the mather
and the father of the child and thelr other relatives,

1) Choose the answer that best meets the criteria below

A Which text i written by a more advanced speaker?

Select Your Choice *

* = required (please make sure these areas ae filed in)




image2.png
SSR

0.6 0.7 0.8 0.9

0.5

0000

10 15 20

Rounds





image3.png
Rank order

40
30
20
10

LEVEL effect plot

low

T
medium
Proficiency level

T
high





image4.png
Rank order

40

30

20

10

Rank order and assessed proficiency
(outlier points labelled with TEXTID)

4 .

424.

ow medium
Assessed proficiency

high




