
		
Supplement 1: Details of all tasks for implementing this method in a new script 

Note that highlighted text is also present in the main manuscript, it is provided here as a frame of reference of the parts in the main manuscript that the details here correspond to. Numbered steps are numbered separately in this supplement and the main manuscript. For all highlighted steps, the corresponding step number in the protocol in the main manuscript is given in parentheses.

Training tasks.

1. Participants in both conditions start learning the artificial language with the names of the 6 different aliens. This first happens in 6 passive exposure trials (1 per alien), where the participant is instructed to “listen to the language and watch the pictures on the screen”. (2.4 in manuscript)

1.1. Each passive exposure trial throughout the experiment has the same structure. The participant sees an image for 0.5 seconds. Then, with the picture still on the screen, audio starts to play to describe that image in the artificial language. The picture remains on the screen for another 1.5 seconds before a white screen shows for 0.5 seconds. 

1.2. Then, the exposure is repeated: participants see the same picture for .5 seconds, listen to the audio file, and then see the picture for another 1 second. 

1.3. Throughout passive exposure trials, the picture has a green box around it to indicate that participants can be sure it is a correct pairing of image and description.

2. After this first block of passive exposure, participants get active training with the same 6 alien stimuli. The active training trials are different for the two conditions (Figure 4).

2.1. Each individual active training trial consists of three parts: prompt, response and correct pairing. The prompt and response parts are different for production and comprehension participants. The correct pairing part is identical for production and comprehension participants. 

2.2. Active comprehension trial. Prompt: The participant sees an image on the screen and after 0.5 seconds the audio file plays the target phrase. Response: The participant is instructed to “indicate with a button-press whether the audio and the picture match or not” (‘=’ for match and ‘≠’ for mismatch). The participant then sees a red cross if they were incorrect and a green checkmark if they were correct. (2.5 in manuscript)

2.3. Active production trial. Prompt: The participant sees the target image on the screen with a microphone icon below it. Response: The participant is instructed to “describe the picture out loud in the alien language”. The participant can press ‘enter’ to indicate that they are done speaking and save the microphone recording. (2.6 in manuscript)

2.4. Correct pairing (identical for both conditions). In both conditions, participants receive the correct pairing right after making their own response. Participants see the target image and hear the target phrase that correctly describes it, with a green square around the image indicating that this is a correct pairing. This way, participants in both conditions can learn from the correct pairing, irrespective of their own performance in the active task. Participants are instructed to “pay attention to the correct pairing”. (2.7 in manuscript)

2.5. For comprehension participants, the target audio heard during the prompt is heard again during the correct pairing, accompanied by the target image. For match trials, this is the same picture that was shown during the prompt of the trial. For production participants, the target image seen during prompt and response is seen again during the correct pairing, accompanied by the target phrase. 

2.6. In the first block of active training trials, participants in both conditions do 6 trials, 1 per alien.

3. After the first passive and active blocks of 6 trials each, participants are instructed on the screen that the rest of the training will consist of similar blocks of 2-6 passive trials, with each passive block followed by an active block to practice with the new words learned in the passive block. Throughout training, the images and the phrases describing them increase in difficulty. 
  
3.1. The very first block of training shows simple, uncolored line drawings of aliens accompanied by a simple phrase consisting of a determiner and a noun. 

3.2. As training builds up in difficulty, whenever a new visual property is added and a new word type is introduced into the phrase, a simple vocabulary block is first done (Figure 3), showing only that property. For example, a color vocabulary trial shows a colored square accompanied by a color word.

3.3. Then, a block is done that combines the new word type into a phrase with what was learned in earlier blocks. For example, the first combined block shows colored aliens that are described by a three-word phrase consisting of determiner, color adjective, alien noun. 

3.4. The phrases and images build up in difficulty according to the block list shown in Figure 3. The final 12 blocks of training show a video of a colored, patterned alien moving against the backdrop of an alien landscape, accompanied by a full sentence audio consisting of seven words that describe the full scene. An example full sentence with its translation is shown in Figure 1. 

Tests after learning. After training, participants in both conditions take the same tests to assess whether they’ve learned the language. Participants start with two forced choice tests and end with an error monitoring test. 

4. The first forced choice test is a single word vocabulary test. 

4.1. In a forced choice test trial, the participant sees 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 (Figure 5). They hear an auditory description that matches one of the two pictures. They are instructed to “indicate by pressing either ‘M’ or ‘X’ which of the two pictures they think match the description”. The buttons can be pressed before the end of the audio, and the trial ends immediately upon button-press.  (2.9 in manuscript) 

4.2. The single word vocabulary test consists of 18 trials, 1 for each content vocabulary word that has a visual depiction in Figure 2. For each trial, the foil picture is taken from the same category – for example, a trial testing the landscape word “hullem” would show both the image of the landscape with the river and one of the other landscape images. Whether the correct image (that matches the audio) is shown on the left or right side of the screen is randomly determined by the program. 

5. The second forced choice test uses the same trial format: the participant sees two pictures, hears a phrase and indicates by button-press which of the two pictures matches the phrase. There are 66 trials total with 3 different subtypes of trials, all of which are intermixed and played in a random order. The 3 different subtypes are meant to test three different aspects of learning (vocabulary understanding in phrases, suffix understanding, and sensitivity to the probabilistic regularity), and are each described in turn in steps 2.9.1.-2.9.3.. 

5.1. Vocabulary in phrases (Figure 5A). In this type of forced choice test trials, vocabulary knowledge is tested. In order to do that, the foil image only differs from the target image in one vocabulary word – in the example in Figure 5a, the only difference between the images is the color. The word that is tested is the word that is different between the two images. There are 18 trials of this type, 1 testing each content word as part of a longer phrase. 

5.2. Suffix understanding (Figure 5B). In this type of forced choice test trial, understanding of the suffixes on the noun phrase is tested. For example, to test understanding of singular versus plural, a phrase is heard and the type of alien described by that phrase is shown both on its own and in plural (Figure 5B). A participant can determine the correct answer if they understand that ‘-oko’ and ‘-usu’ are plural and ‘-ok’ and ‘-us’ are singular. There are 24 suffix understanding trials in total, 12 testing plurality and 12 testing alien type. 

5.3. Probabilistic regularity (Figure 5C). In this subtype of trials, participants are tested for sensitivity to the probabilistic co-occurrence regularity that was present in the training trials – namely, that 83% of nice aliens had a striped pattern, and 83% of scary aliens had a spotted pattern. Participants hear a full noun phrase and see two aliens that only differ in their type of pattern (spotted versus striped; Figure 5C). There are 24 of these trials in total, 12 where the target image described by the phrase is a probable combination (nice/striped or scary/spotted, and 12 where the target image described by the phrase is an improbable combination (nice/spotted or scary/striped). If participants know that nice aliens tend to have striped patterns, they should be faster and more accurate to choose the correct image on probable trials, and slower and less accurate on improbable trials; however, participants can also choose the correct answer by simply waiting to hear the pattern word and choosing the image with that pattern. 

5.4. When the participant presses a button, the trial ends, even if the audio was not done playing yet. A white screen is shown for 0.5 seconds and then the next trial starts immediately. The program gives participants the chance to take a self-timed break after trials 22 and 44. At that point, participants can continue with the experiment by pressing ‘enter’. 

6. Error monitoring test. In error monitoring test trials (a type of grammaticality judgement), a participant hears a sentence and is instructed to “indicate by button press (‘=’ for grammatical, ‘≠’ for ungrammatical) as fast and accurately as possible whether the phrase is grammatical or not”. Sentence presentation ends immediately on button press. There are 124 trials total with 3 different types of trials, all of which are intermixed and played in a random order. (2.10 in manuscript)

6.1. Word order errors (Figure 5D). In this type of trial, one of the words in the sentence is moved to a different spot in the sentence. There are 32 of these trials in total. The critical word in these trials is the first word in the sentence that is in the wrong spot, like ‘hullem’ in the example (Figure 5D). Table S1 shows the four different word order errors. There are 8 trials with each of these 4 different word order errors. 

Table S1. Example sentence illustrating the four different word order errors.
	correct sentence
	Vusu Fumusu Teepusu Traw Ot Divusu Kredel

	word order error 1
	Vusu Teepusu Fumusu Traw Ot Divusu Kredel

	word order error 2
	Vusu Fumusu Teepusu Traw Divusu Ot Kredel

	word order error 3
	Vusu Teepusu Traw Ot Divusu Fumusu Kredel

	word order error 4
	Vusu Fumusu Kredel Teepusu Traw Ot Divusu


Note. The boldfaced word in each erroneous sentence is the erroneously placed word.

6.2. Agreement errors (Figure 5E). In this type of trial, one of the 4 suffixes in the sentence is different from the other 3 suffixes in the sentence. There are 2x2 = 4 different types of suffix errors: either the suffix on the alien word (adjacent to the rest of the noun phrase) or the suffix on the verb (non-adjacent to the noun phrase) is wrong; either the erroneous suffix indicates the wrong alien type or it indicates the wrong plurality. In the example trial, the suffix ‘oko’ on the verb differs from the suffix ‘ok’ on the determiner, adjective and noun (Figure 5E) – thus, this is an adjacent plurality error. There are 48 of these trials in total. 

6.3. There are 44 grammatical sentences in this test (Figure 5F), to ensure that participants have to listen carefully. All sentences are novel, so even though all of the different words are familiar, during training participants have not encountered these sentences before. 

6.4. When the participant presses a button, the trial ends. A white screen is shown for 0.5 seconds and then the next trial starts immediately. The program gives participants the chance to take a self-timed break after trials 25, 50, 75 and 100. During breaks, participants can continue with the experiment by pressing ‘enter’. 

[bookmark: _GoBack]7. When the experiment ends, participants see a brief description of the goal of the experiment on the screen and are told that they are welcome to ask the experimenter more questions. 

8.1. For test trials, the column ‘correctanswer?’ indicates whether the participant got that test trial correct (1) or incorrect (0). This can be used for analyzing accuracy. 

8.2. The column ‘RT’ records for each trial how long after the start of the audio the participant pressed a button. 

8.3. This raw reaction time can be made more accurate by instead calculating reaction time starting at the onset of the critical word, which is defined as the first word that allows for a correct choice (orange dotted lines in Figure 5). Which word is the critical word in a sentence is indicated in the column ‘critword’. Durations of all words in the trial are listed in the columns ‘timew1’ through ‘timew7’. The accurate reaction time is calculated by subtracting the time between the start of the audio phrase and the start of the critical word from the raw reaction time for each trial. 

NOTE: This may lead to negative reaction time on trials for which the participant made a button-press before they could possibly have known the answer. Remove these trials from the reaction time analysis, since they represent either guesses or misunderstandings. 


								


