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SUMMARY:
The goal of this protocol is to evaluate comprehension versus production language learning training through a computer-based experiment in a way that balances inherent task differences between comprehension and production.

ABSTRACT: 
Research and theories in the field of second language acquisition have long held that language comprehension is a stronger learning experience than language production, especially for learning the grammar of a second language. In contrast, psychology research shows that, at least at the single word level, the opposite is true: language production training, due to the memory processes involved, leads to better learning of words in a second language. The inherent differences between language production and comprehension were not well-balanced in prior research, potentially leading to these conflicting results. Thus, the present study’s protocol includes language comprehension and production training tasks that are balanced for listening experience, task-relevant choices, and attention. In the active production task, participants see a picture and are asked to describe it out loud. In the active comprehension task, participants see a picture and hear a phrase. They make a match/mismatch judgment on whether the phrase describes the picture or not. In both conditions, participants hear the correct description of the picture after the task. This full protocol includes computer-based language training in which participants gradually learn an artificial language, building up from single words to full sentences. Training alternates the active production or comprehension tasks with passive exposure to familiarize participants with the language. After training, participants’ learning is assessed using several tests that tap into both vocabulary and grammar learning. Versions of this protocol have been used for learning both artificial and natural languages and have consistently shown that participants in the production condition learn the language better than participants in the comprehension condition. Extensions of this protocol could be used for comparing the effects of comprehension versus production training on different language phenomena in different languages of interest.

INTRODUCTION: 
Language learning inevitably involves practice in both comprehension (i.e., listening) and production (i.e., speaking), skills which require different amounts of attention and rely on different memory processes. Focusing on either comprehension or production practice may yield different results in language learning because of the differences in task demands. Research in the field of second language acquisition strongly suggests that to learn the grammar of a second language, comprehension practice is more useful than production practice1,2. However, memory research suggests that production practice can boost learning compared to comprehension practice, at least at the single word level. Production practice provides an additional presentation of the material, because the speaker can hear their own pronunciation3. Because production practice demands more attention, it leads to greater depth of processing4. Production involves making task-relevant choices, because a speaker must choose what to say, and making task-relevant choices increases learning5. Finally, comprehension only involves recognition, whereas production relies on recall, which is a stronger learning experience6.

Thus, the literature paints a mixed picture of the merits of comprehension versus production training7. This may be due to two gaps in the literature that are addressed in the method presented here. First, whereas second language acquisition literature has focused on grammar learning, psychology literature has focused on single word learning. Second, most previous studies did not seek to balance production and comprehension training: while production and comprehension are innately different, some of the task demands can be balanced in order to focus on inherent processing differences. 

The method presented here reduces some of the differences between production and comprehension demands to allow for a more direct comparison. The core of the method is to have participants in the comprehension and production conditions practice with the same language materials in different ways. An active training trial gives participants in both conditions practice with the same target image and the target phrase describing it. Each active training trial consist of three parts: the first is a prompt that contains either the target phrase or the target image; the second is the active part, in which the participant responds to the prompt; the third presents the participant with the correct pairing of the target image and the target phrase describing it. The third part with the correct pairing is identical for participants in both conditions. Production participants start with the target image and are asked to describe it out loud in the language they are learning. Comprehension participants start with the target phrase and see an image on the screen that may or may not match the target phrase. Their active task is to make a match/mismatch judgment. Both sets of participants are passively exposed to similar language material before starting the active task, so that they have the same input to draw on for their active task. For both sets of participants, the active response to the prompt (speaking or making a match-mismatch judgment) is followed by a correct pairing of the image and the phrase that describes it. 

In the two tasks contrasted here, the amount of listening experience is more balanced than in previous comparisons between comprehension and production training: comprehension participants hear the target phrase, which may or may not correctly describe the image shown on that trial, while production participants hear their own speech, which also may or may not correctly describe the target image. Both sets of participants then hear and see the target phrase and target image in the final part of the trial to ensure they can learn the language properly. Attention demands are also balanced between the two conditions: both tasks require an overt response to a picture. 

This careful balancing of listening experience, task demands, and attention is not generally done in second language acquisition studies comparing production and comprehension training. The comprehension tasks used in that literature7 are similar to the comprehension training task and the comprehension tests employed after learning: error indication, multiple choice, and matching a picture with input. The crucial difference between this method and most second language acquisition studies comparing production and comprehension training lies with the production task employed. A meta-analysis indicates that in second language acquisition research, a wide range of production tasks is included in what is considered production-based instruction (i.e., anything from mechanical grammar drills to free production) without reference to vastly different task demands in these types of production7. This method, while balancing task demands, captures a key difference between speaking and listening in real life situations: the strict recall of information required for production, while comprehension only requires recognition.

This method could be used for comparing the effects of comprehension versus production training on different language phenomena in languages of interest. It has been successfully used to study grammatical agreement learning in an artificial language8 and German gender agreement in noun phrases9. Because the materials of Hopman and MacDonald are publicly available at https://osf.io/74kqe, the protocol presented in this paper follows their implementation in PsychoPy,10 but the basic contrast between the active production and comprehension trials presented here could be implemented for other languages, other grammatical phenomena, and using different experimental software. 

In the experiment reported here, participants learn an artificial language that describes a visual world of various aliens moving around on several landscapes. A full sentence in this language consists of 7 words of different word types that always occur in a fixed word order (Figure 1). The full language consists of 18 content words and two function words (Figure 2), and the five content word categories each have 2–6 different words, leading to 432 different possible full sentences. Four words in each full sentence (i.e., determiner, color adjective, alien noun, verb) take the same suffix. There are two different types of aliens: scary-looking aliens, characterized by a multitude of eyes and legs, sharp teeth, and angular shapes; kind-looking aliens, characterized by a single big eye, two legs, a friendly smile, and rounded shapes. Note that for counterbalancing purposes, the experiment program randomly assigns visual meanings to words within each category. One consistent mapping is used in the figures and demonstrations throughout this article, but another participant may learn for example, ‘saf’ means yellow and ‘fum’ means purple. 

[Place Figure 1 here]

[Place Figure 2 here] 

Participants can learn several grammatical regularities of interest in this language: First, there is the fixed word order. Second, the four (identical) suffixes that occur in a full sentence encode meaning in two different ways (see inset in Figure 2). The suffix encodes for plurality, denoting whether 1 or 2 aliens are present in the visual scene: short suffixes ‘ok’ and ‘us’ indicate singular; longer suffixes ‘oko’ and ‘usu’ indicate plural. The suffix also encodes for alien type, with ‘ok’ and ‘oko’ indicating that the alien in the image is scary-looking, and ‘us’ and ‘usu’ that it is kind-looking. Third, the exposure throughout the training paradigm is set up so that scary-looking aliens usually (on 83% of trials) occur with spotted patterns (freckles or patches) and only rarely (17% of trials) occur with striped patterns (curved or straight lines). The opposite is true for the kind-looking aliens; they usually occur with striped patterns and rarely with spotted patterns. This is also a language regularity because it creates a higher transition probability between, for example, the suffixes for scary-looking aliens and the words for spotted patterns. The experiment is set up so that there are no other co-occurrence regularities (e.g., each alien occurs equally often in each of the two colors throughout both training and testing).

During training, participants alternate between blocks of passive exposure trials and active training trials. During passive exposure trials, participants can learn about the language by simply watching images and listening to the language. During active training blocks, participants learn the language by actively practicing it in either active production or active comprehension training trials, depending on the condition they are in. The very first block of passive trials shows each of the 6 aliens once. Then, participants get an active block in which they practice with those same 6 black and white line drawings of the aliens. Gradually, new vocabulary is introduced, and the phrases get longer and the images more complicated (Figure 3). Throughout, each passive block is followed by an active block to practice with the same types of phrases and images, and production and comprehension participants learn the language in the exact same order with the exact same training structure; the correct target phrase and image pairing on active training trials is identical. Thus, the only difference between the two conditions is that production participants practice speaking the language on their active trials, whereas comprehension participants practice understanding the language on their active trials. After training, participants in both conditions get a set of identical comprehension tests that tap into their understanding of the vocabulary and the different grammatical regularities present in the alien language. 

[Place Figure 3 here]

[bookmark: _Hlk35439719]PROTOCOL: 

The following procedures were approved by the University of Wisconsin-Madison Social and Behavioral Science Institutional Review Board, and informed consent was obtained from each participant.

1. Materials

1.1. On the computer that will be used for the experiment, download the experiment files by going to https://osf.io/74kqe/files/ in any browser.

1.1.1. At the top of the list, click on the parent folder called ‘OSF Storage (United States)’. 

1.1.2. Click on the ‘Download as zip’ button near the top of the screen to download the entire experiment.

1.2. Unpack all of the experiment materials by unzipping the downloaded .zip file.

1.2.1. Unpack ‘slides.zip’. The folder ‘slides’ should now be populated with 11,520 image files ending in ‘.png’. If, when unzipping, Windows creates a subfolder of ‘slides’ named ‘slides’, copy all the image files from ‘slides/slides’ into the main ‘slides’ folder. 

1.2.2. Open ‘foldermaker.py’ in Psychopy (version 1.83.04) and click ‘Run’. The folder ‘data’ should now be populated with subfolders ‘s1’ through ‘s399’, each of which should have subfolders called ‘errortrials’ and ‘recordings’. 

1.2.3. Open ‘testgen.py’ in Psychopy and click ‘Run’. Open ‘data/s1’ to check that it (and all other data subfolders) now has a file called ‘fulltriallist.txt’. 

1.2.4. Open ‘soundgen.py’ and click ‘Run’. The folder ‘sounds/combined’ should now be populated with 2,057 sound files ending in ‘.wav’. 

1.3. Prepare the experimental computer for participants.

1.3.1. Plug headphones to the computer.

1.3.2. Connect an external microphone to the computer.

1.3.3. Write ‘=’ and ‘≠’ on the sticky part of a post-it and use scissors to cut out the two symbols to the size of a keyboard key. Place the =-sticker on the ‘L’ key of the keyboard and the ≠-sticker on the ‘F’ key of the keyboard.

2. Artificial language learning experiment

2.1. Test whether the experiment works by running members of the research team through both conditions.

2.2. Open ‘experiment.py’ in Psychopy and click ‘Run’. In the first pop-up, enter any subject number bigger than 1 to use for pilot participants. For example, in this test, 2 was used for the Comprehension Condition pilot participants and 3 for the Production Condition pilot participants. 

NOTE: The number 1 is reserved for programming the experiment, and so will not run the full experiment. Only use this subject number if the code of the experiment will be changed. 

2.3. In the second pop-up, enter the condition number. Entering ‘1’ will run the Comprehension Training version of the experiment; entering ‘2’ will run the Production Condition of the experiment. 

NOTE: Steps 2.4–2.7 explaining the language training are also illustrated in the accompanying file ‘Demo1training.pptx’. Details (e.g., how long each image appears on the screen) are described in Supplementary File 1. While the protocol provided is detailed enough to understand the procedure and the results, it is best to review the supplemental materials for a more in-depth understanding of the method to run or adapt this protocol. 

2.4. Perform a passive exposure trial by having participants in both conditions start learning the artificial language with the names of the 6 different aliens in 6 passive exposure trials (one per alien), where the participant is instructed to “listen to the language and watch the pictures on the screen”. 

2.5. Perform an active Comprehension trial (i.e., Comprehension Condition only). Prompt: Have the participant see an image on the screen and after 0.5 s the audio file with the target phrase is played. Response: Instruct the participant to “indicate by pressing the button whether the audio and the picture match or not” (i.e., ‘=’ for match and ‘≠’ for mismatch). The subject will then see a red cross if the response was incorrect and a green checkmark if it was correct. See Figure 4 for an illustration of active comprehension trials with examples of correct and incorrect responses for both match and mismatch trials.

2.6. Perform the Active Production trial (i.e., Production Condition only). Prompt: Have the participant see the target image on the screen with a microphone icon below it. Response: Instruct the participant to “describe the picture out loud in the alien language” and press ‘enter’ to indicate that they are done speaking and save the microphone recording. See Figure 4 for an illustration of active production trials with examples of a correct and incorrect response.

2.7. Perform correct pairing (identical for both conditions). In both conditions, have the participants receive the correct pairing right after responding on their own and instruct them to “pay attention to the correct pairing”. Have participants see the target image and hear the target phrase that correctly describes it. Make it clear that a green square around the image indicates a correct pairing to ensure, participants in both conditions learn from the correct pairing irrespective of their own performance in the active task.

2.8. Refer to Figure 3 and Supplementary 1 for details about how participants learn the artificial language by alternating the passive and active training tasks described here to progress from single word to full sentence learning. 

[Place Figure 4 here.]

NOTE: Steps 2.9 and 2.10, which describe the different types of comprehension tests, are also illustrated in the accompanying file ‘Demo2testing.pptx’. Different types of trials (e.g., word order errors, grammatical agreement errors, correct sentences) are described in more detail in Supplementary File 1. 

2.9. In a Forced Choice Test trial, have the participant see two different images of the same type on the left and right sides of the screen, with ‘X’ on the screen below the left picture and ‘M’ on the screen below the right picture. The participant will hear an auditory description that matches one of the two pictures. Instruct them to “indicate by pressing either ‘M’ or ‘X’ which of the two pictures you think matches the description”. The buttons can be pressed before the end of the audio, and the trial ends immediately upon pressing the button.

NOTE: See Figure 5A–C for examples of three different types of forced choice test trials. There is a single word vocabulary test consisting of 18 items used as a prescreen, followed by the main forced choice test consisting of 66 trials total consisting of a mix of the three trial types illustrated in Figure 5A–C. 

2.10. In Error Monitoring Test trials (i.e., a type of grammaticality judgement), have the participant hear a sentence and instruct them to “indicate whether the phrase is grammatical or not by pressing the appropriate button (‘=’ for grammatical, ‘≠’ for ungrammatical) as fast and accurately as possible". Sentence presentation ends immediately on pressing the button. There are 124 error monitoring test trials total with three different types of trials, all of which are intermixed and played in a random order.

NOTE: See Figure 5D–F for illustrations of all different types of error monitoring test trials.

[Place Figure 5 here.]

2.11. After running the two pilot participants, check that the data log saved and open a log in a spreadsheet program. For example, check that the data for participant 2 is in the folder ‘s2’ and is called ‘log2.txt’. To open a .txt file in Excel, for example, right-click on File Name|Open With|Excel.

2.11.1. Scroll to the bottom and check that there is a separate line on the log file for each trial. Specifically, check that at the bottom of the file column 3 (trialnr) lists ‘382’ for the final Error Monitoring trial. 

2.11.2. Check that below the final trial, the log lists how many test trials of each type the participant got correct. For example, check that there is a number between 0 and 18 listed below ‘total nr of correct vocabulary test trials was’.

3. Running the experiment

3.1. Recruit participants. In this study, 125 native English speakers were recruited from psychology extra credit research pool. Based on post-hoc power simulations (see Results), it is recommended to test at least 70 participants per condition, and more if an interaction between a learning condition and within-subject predictors (e.g., item type) are of interest.

3.2. Randomly assign participants to either the comprehension or the production condition, making sure to assign approximately the same number of participants to each condition. 

3.3. Greet the participant and have them read and sign a consent form for the study.

3.4. Instruct participant to leave all items, including their phone, with the experimenter outside of the soundproof room with the experimental computer, headphones, and microphone. 

3.5. Instruct the participant.

3.5.1. Tell them to put on the headphones and keep them on during the entire task.

3.5.2. Tell them that they will be learning a language and that all of the specific instructions will appear on the computer screen. 

3.5.3. Point out which keys they will be using (i.e., the keys with ‘=’ and ‘≠’ stickers, ‘enter’ key, ‘M’ and ‘X’ keys) and that this information will also appear on the screen.

3.5.4. If the participant is in the Production condition, set out the microphone and tell them to speak into it when prompted.

3.6. Start the experiment by opening ‘experiment.py’ in Psychopy and clicking ‘run’. Then, enter the appropriate subject number in the first pop-up and the condition number in the second pop-up. Then, tell the participant that they will be able to go through the experiment in a self-guided manner, as described in part 2 of this protocol.

3.7. When the participant is done with the experiment, thank them for participating and answer any questions they might have about the study.

4. Data processing

4.1. Trim the dataset according to prespecified criteria. Record how much data are removed and why.

4.1.1. If any participants behaved oddly or did not complete the experiment, remove their data. In this study, data from three participants who did not complete the experiment were removed.

4.1.2. If any participants did not meet a prespecified criterion, remove their data. For example, based on pilot testing for the present study set a criterion of at least 15 out of 18 correct responses on the single word vocabulary test was set. 

4.1.3. Remove all trials where participants gave an incorrect response for reaction time analyses, because standard practice is to only analyze trials where participants give the correct response. Also remove outlier trials, defined in this study as trials in which a participant was slower than their own mean reaction time + three standard deviations. Finally, remove any trials with negative reaction time (if a more precise reaction time is calculated as in step 8.3 of Supplementary File 1). In this study, this left 78% of all test trial data to be used in the reaction time analysis. 

REPRESENTATIVE RESULTS: 
Average scores on the single word vocabulary test did not differ between the Production and Comprehension condition (t(120) < 1). Data from 18 participants (8 comprehension, 10 production) who did not meet this criterion were removed. All further analyses reported here include data from the remaining 52 comprehension and 52 production participants. The results did not change when the data from these 18 participants were included.

Participants trained in the Production condition reliably outperformed participants in the Comprehension condition. Comprehension accuracy was analyzed using mixed effects logistic regression models11. Participants in the Production condition were significantly more accurate (P < 0.05 using the likelihood ratio test12) than participants trained in the Comprehension condition on both the Suffix Understanding forced choice test trials (Figure 6B) and the Suffix Agreement Error monitoring test trials (Figure 6E). Production participants were also numerically more accurate than Comprehension participants on the other four tests (Figure 6A,C,D,F), though this difference was not statistically significant. 

Reaction time data was also processed and analyzed following the steps outlined in Supplementary File 1 under step 4.1.3 above to calculate a precise reaction time (Figure 7). Participants trained in the Production condition were significantly faster (P < 0.05 using the Kenward-Roger approximation to the F-test13) than participants in the Comprehension condition on all three types of Forced Choice test trials (Figure 7A,B,C) and all three types of Error Monitoring test trials (Figure 7D,E,F), with small to medium effect sizes (d in range [-0.54, -0.19])14,15,16. Based on post-hoc simulations, some of these tests were slightly underpowered (i.e., power in range [63%, 98%], average 73%).

All data, scripts with analyses, and regression model results reported here were reported previously in Hopman and MacDonald8 and its supplementary materials. These analyses as well as the post-hoc power simulations and effect size calculations reported here for the first time can be freely accessed online at https://osf.io/bbf3c.

FIGURE AND TABLE LEGENDS: 
Figure 1: Example sentence from the alien language. This is an example of a full sentence in the alien language describing a video of the alien rising upwards. Below the sentence are the word types of all of the seven words in the sentence, a word-by-word translation into English and the full English translation as a sentence. The suffix ‘ok’ on four of the words in the sentence means this is an alien from the scary-looking (-sc) category, and that it is singular (-sg). Note that participants never see the language written out; they only hear it. This figure is adapted from Hopman and MacDonald8.

Figure 2: Overview of the full alien language. The full alien language has seven different word categories, with 1–6 words per category. The second row indicates, for each word category, how often each word from that category is practiced during passive (p) and active (a) training. For each of the 18 content words, the paired visual meaning is illustrated. For all 20 words, an English translation is given. Four of the 7 word categories (i.e., determiner, color adjective, alien noun, and verb) take a suffix, which is indicated by a ‘-‘ at the end of those words. In the bottom right corner, the suffixes, which express both plurality and alien type, are illustrated. This figure is adapted from the Supplementary Materials of Hopman and MacDonald8.

Figure 3: Structure of the language training. Every line in this figure represents a block of training trials, with the number of trials in the block as well as the type of training (i.e., active training or passive exposure) noted. For example, the very first block of six trials shows each of the 6 different aliens once. The green lines indicate blocks that introduce new vocabulary. The number of trials in these blocks was determined by the number of different stimuli in that vocabulary category. For example, the color vocabulary block had two trials because there were two color words. The blue lines indicate blocks in which participants practiced combining multiple aspects of the language. The number of trials in these blocks was always six because there was one trial per alien to make sure that participants got equal amounts of practice with all of the different aliens. The red lines indicate an extra active learning block that was added after pilot training to help participants learn the words whenever six new vocabulary words were introduced in one passive learning block (e.g., aliens singular and plural, verbs and landscapes). This figure is adapted from the Supplementary Materials of Hopman and MacDonald8.

Figure 4: Active training trials. All active training trials consisted of three parts: a prompt for the participant, the participant’s response, and finally a correct pairing of the target image and the target phrase describing it. Note that the final part of the active learning trial, the correct pairing, was identical for all types of active learning trials. There were two types of active comprehension trials, in which the initial image matched the target phrase (match trials) and trials in which the initial image did not match the target phrase. For each trial type, examples of a correct response and an incorrect response by the participant are shown. 

Figure 5: Example test trials. Example forced choice test and error monitoring test trials of different types. In forced choice test trials (A–C), the participants heard a phrase and saw two images of the same type on the screen. By pressing a button they indicated which of the two images they believed was described by the auditory phrase. For each example forced choice trial, the critical word that allowed a participant to decide between the two pictures is printed in blue bold face. In error monitoring test trials (D–F) participants heard a full sentence and indicated by pressing a button whether or not they believed it was a grammatical sentence in the alien language. In the example trials with errors (D,E), the errors are printed in red bold face. In trials with grammatically correct sentences (e.g., F), participants did not know the correct answer until the final word of the sentence. For all different trial types, reaction time was counted at the start of the critical word that allowed the correct response, and this point in the phrase is indicated with an orange dotted line. Note that participants in this experiment never saw the language written out; they only heard these phrases. This figure is adapted from Hopman and MacDonald8.

Figure 6: Representative accuracy results. Model predictions for proportion correct on different comprehension tests of the artificial language. Numerically, Production participants were more accurate on all different tests than Comprehension participants, though the difference was only significant for two of the six different trial types. Error bars reflect 95% confidence intervals, asterisks indicate significant differences between learning conditions (P < 0.05). Individual participants’ vocabulary in phrases test scores were used as a covariate in all other tests. Post-hoc power estimates are reported for the learning condition predictor for each test based on simulations14. (A) Forced choice test, Vocabulary in Phrases trials. (B) Forced choice test, Suffix Understanding trials (post-hoc simulation = power 55%). (C) Forced choice test, Probabilistic Regularity trials. (D) Error monitoring test, Word Order Error trials. (E) Error monitoring test, Suffix Agreement error trials. (post-hoc simulation = power 100%). (F) Error monitoring test, Correct Sentence trials. Part of the data in this figure (A,B,D,E) was published earlier in Hopman and MacDonald8.

Figure 7: Representative reaction time results. Model predictions for reaction time on different comprehension tests of the artificial language. Production participants were significantly faster than Comprehension participants on all types of comprehension test trials. Error bars reflect 95% confidence intervals, asterisks indicate significant differences between learning conditions (P < 0.05). The standardized effect size d for the learning condition predictor for each subfigure is reported in parentheses; note that negative effect sizes indicate that Production participants were faster than Comprehension participants. Post-hoc power estimates for the learning condition predictor for each test based on simulations are also reported15. Individual participants’ vocabulary in phrases test scores were used as a covariate in all other tests. (A) Forced choice test, Vocabulary in Phrases trials (d = -0.19; power 63%). (B) Forced choice test, Suffix Understanding trials (d = -0.54; power 98%). (C) Forced choice test, Probabilistic Regularity trials (d = -0.22; power 64%). (D) Error monitoring test, Word Order error trials (d = -0.28; power 75%). (E) Error monitoring test, Suffix Agreement error trials (d = -0.33; power 73%). (F) Error monitoring test, Correct Sentence trials (d = -0.25; power 67%). Part of the data in this figure (A,B,D,E) was published earlier in Hopman and MacDonald8.

DISCUSSION: 
A procedure for studying the role of comprehension versus production practice in learning a novel language is presented. As reported earlier in Hopman and MacDonald8, production-focused training results were found to be superior in learning an artificial language as compared to comprehension-focused training8. In follow-up research, there is accumulating evidence that production participants outperform comprehension participants in both comprehension and production accuracy9. 

A critical component of the method presented here is the balancing of attention demands and amount of listening experience for active training tasks in both conditions (steps 2.5 and 2.6), as it allows for the analysis of possible underlying mechanisms that may lead to the benefits of production training. A likely possible mechanism for the production advantage seen is that planning an utterance for speaking requires the participant to maintain information in verbal working memory, thereby facilitating binding between the different elements of the utterance8. Because listening experience is also balanced between conditions, and there is still a significant benefit to the production condition, it is evident that the benefit of production is not just due to hearing oneself speak or increased task and attention demands typically associated with language production. 

Earlier studies investigating language instruction found that comprehension practice, not production practice, leads to better performance when learning a new language17. While at first glance this seems to contradict the results of the present study, the methods are slightly different in that “production practice” in these older studies include passive repetition of a teacher’s input instead of a meaningful generation of one’s own utterance. Thus, another critical component of the protocol presented here is that participants are engaged in full language production; that is, they are required to recall words from long-term memory and create a sentence structure for the active production task. This is more focused on actual language production, which involves planning and structuring an utterance, than past studies, which have required participants to only repeat another person’s utterance (e.g., a teacher’s utterance). 

Provided is a detailed guide (Supplementary File 2) on how to adapt this experiment for use with other stimuli (e.g., a different language). In principle, it is possible to apply the balanced active comprehension and production training (critical steps 2.5 and 2.6) as part of any language learning method. In practice, because the code implements a full training that depends on the number of words per category, the code that runs this full experiment (‘experiment.py’) only runs with languages with the exact same structure (e.g., an equal number of determiners, adjectives, nouns, etc.). However, this limitation is easily overcome. With the information presented in this manuscript, any experimental psychologist can implement this set of active production and comprehension training trials as part of any existing language learning training. For example, these same production and comprehension training trials were implemented in JavaScript in a differently structured artificial language learning experiment18,19 and in Ibex Farm in a German learning experiment9,20. 

[bookmark: _GoBack]Thus, future studies could use the balanced production and comprehension paradigm to investigate whether the benefits of production training found in this study hold true for other languages and other grammatical phenomena. Furthermore, the method could be adapted to test other populations of learners, like children and people with learning disorders, to compare the usefulness of production and comprehension practice in different types of learners. The paradigm is flexible and the balanced contrast between active comprehension and production trials could be implemented as part of any existing language learning training.
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