Supplement 2: Adapting the artificial language experiment
How to determine if the ‘experiment.py’ experimental code is usable for a different (artificial) language? 
	It is possible to use our psychopy code, ‘experiment.py’, with different sound recordings and visual stimuli, but only if the new recordings and images have the exact same structure as the artificial language presented in our paper (Figure 2). 
	An example of an experiment where the ‘experiment.py’ code would be useful with newly recorded language stimuli would be a replication of this artificial language experiment with native speakers of another language than English – for example, Dutch. Since phonetics is explicitly not of interest in this experiment, in that case one would record a new version of the artificial language with the exact same structure, with each of the words and suffixes in Table S1 replaced by a pseudo-Dutch word: a non-word with Dutch pronunciation. This example will be used throughout this supplement. If desired, it would also be possible to create new visual referents, but again, the script expects visual referents that are structured into categories in the specific way we designed our visual world. 
An example of an experiment where the ‘experiment.py’ code would not be useful would be a version of this experiment with a language that has an entirely different structure. For example, we ran a version of this experiment focused on agreement in German noun phrases9. Since German has three genders (masculine, feminine and neuter), whereas the artificial language only had two semantic types, we chose to program that experiment from scratch on a different platform that was commonly used in the lab where that experiment was run. Of course, we made sure to implement the balanced active comprehension and production trials that are central to the paradigm described in this paper. Furthermore, because we were teaching these participants a natural language, we created new images depicting real objects (e.g. a bike, a candle). The ‘experiment.py’ script randomizes assignment of words within a category to images (e.g. for each participant it is randomly determined whether the color ‘yellow’ is labeled ‘fum’ or ‘saf’ in the experiment), which is not compatible with a natural language, in which a word has the same meaning and visual referent for every participant.  
Changing the structure of the language and visual world would result in needing to redo most of the script. In that case, only the functions in the script coding the trial types themselves could be used (the functions for passive exposure trials, active comprehension trials and active production trials). However, the main part of the script that codes the specific list of training blocks would not be useable. This is because the training (Figure 3, see also file ‘exposure.txt’) is programmed based on blocks that have 6 trials (because the language has 6 nouns), and based on having 2 colors that are balanced to appear equally often with each noun, and so on for each word type.
[bookmark: _GoBack]Table S1: the words in the artificial language used in Hopman & MacDonald (2018).
	
	t1
	t2
	t3
	t4
	t5
	t6
	t7

	
	Determiner
	Color
	Alien
	Pattern
	Preposition
	Verb
	Location

	w1 
	V-
	Fum-
	Teep-
	Traw
	Ot
	Div-
	Kredel

	w2
	
	Saf-
	Zout-
	Plim
	
	Pav-
	Chaftem

	w3
	
	
	Weem-
	Chag
	
	Zev-
	Hullem

	w4
	
	
	Mog-
	Stam
	
	
	

	w5
	
	
	Ket-
	
	
	
	

	w6
	
	
	Pex-
	
	
	
	



Designing a new version the artificial language
- For each word type in Table S1, come up with an equally long list of pseudowords.
-  Make sure that each word is pronounceable in the participants’ native language. For example, the word ‘traw’ (t4w1) is not pronounceable in Dutch because it ends with  ‘aw’, and so would have to be replaced. 
- Make sure that each pseudoword is not a word (or almost the same as a word) in the participants’ native language, or in a language participants are likely to be familiar with. For example, for Dutch participants the word ‘zout’ (t3w2) would not work, since this is the Dutch word for ‘salt’. The word ‘teep’ pronounced using Dutch phonology sounds exactly like the English word ‘tape’ that most Dutch participants are familiar with, so it would also have to be replaced. 
- Generate words within each word type to have roughly the same internal structure. For example, all location words in Table S1 have two syllables. All color words only have one syllable. And so on. 
- Choose four suffixes so that, when each of the four suffixes is added on to each of the determiner, color, alien and verb words, the combination is still pronounceable and still not a real word. Depending on the research question, you may or may not want to make the suffixes similar in structure to the ones listed in Table S2.
Table S2: the suffixes in the artificial language used in Hopman & MacDonald (2018). 
	
	n1
	n2

	s1
	-us
	-usu

	s2
	-ok
	-oko



- Write out a list that has all possible words in the language. This list should thus have 5 entries for each of the color, alien and verb stems in Table S1. For example, the list would contain ‘fum’, ‘fumok’, ‘fumoko’, ‘fumus’ and ‘fumusu’. Note that the determiner never occurs on its own without a suffix, whereas the color, alien and verb words do. 
- Have this list read over by at least two native speakers from the same population as the participants, and have them point out any words that are either not pronounceable or sound too much like words they know. 
- Replace any words that didn’t meet the check in the previous step, and iterate this process until all words in the language are deemed both pronounceable and unlike real words.  
- create a list with all of the words that need to be recorded in randomized order
· Enter the full list into one vertical column on an excel sheet
· In the next column, generate a list of random numbers
· In the top cell, enter =rand()
· Hit enter
· A random number will appear
· Drag the bottom corner of the cell down the column to generate a full list of random numbers
· Make sure every word has a number next to it
· Highlight the number column
· Click on Sort & Filter
· Select sort smallest to largest
· Then select expand the selection
· The random numbers will get ordered, and the words will be placed in a random order
· Copy and paste the random word list into a word document and print it off
· Repeat this procedure to generate a second random word list
Recording the Words:
· Go to a soundproof recording room
· Plug in Snowball microphone
· Open Audacity
· Make sure that the recording device (specified next to the microphone picture on audacity tool bar) is ‘Blue Snowball’
· Hit record to test the mic
· Once everything is set up, close all doors to the room
· Hit record
· Read the randomized word list
· Enunciate
· Speak slowly and clearly
· Pause between each word
· Make sure not to end words in a question (raising your voice)
· If you mess up a word, pause then say the word again without pausing the recording
· Stop the recording (take care not to stop the recording too soon after you say the last word bc you will hear the click of the mouse in the recording)
· Save the audacity file
· Repeat the procedure with the second random word list
Splice up the Recordings and Save them as Sound Files:
· Next, you select each word and save it individually as a .wav sound file 
· Open the audacity (.aup) file with a recorded word list
· Click and drag your mouse over a sound wave bubble 
· This should be one word
· Make sure that you select the entire word and don’t cut off any sounds
· Do not leave too much room on either end of the word because this will create a silence in the recordings
· Hit Ctrl+C to copy the sound
· Hit Ctrl+N to open up a new audacity document
· Hit Ctrl+V to paste the word into the new audacity document
· Listen to the word the make sure you copied and pasted everything correctly
· Then select ‘effects’ from the options at the top of the screen
· Hit ‘normalize’
· This will improve the sound quality
· Finally, go to save the file, go to file>export audio 
· Save the file as the word name followed by which list number (ex: teep1)
· Then hit save
· This will create a .wav sound file of the word
· Repeat this process for the entire audacity recording 
· You should end up with one file for every word
· Repeat this process for the other audacity recordings 
· Save the file as the word name followed by a number 2 (ex: teep2)
Choose the Best Recording:
· Create a separate folder to save all of the best sound files
· Listen to both recordings of a word (e.g. teep1.wav and teep2.wav)
· Choose the best version of the word (sounding most natural, without coughs or clicks, etc.)
· Copy this sound file into the separate folder
· Repeat for all words in the language
· It’s easiest to search in your saved files for the word root (ex: teep) then all of the endings for that word (teepok, teepoko, teepus, teepusu) will also appear and you won’t accidentally forget a word
· Double check that you have a sound file for each word in the language
Save the Recordings in the format Psychopy expects them:
· In order for the experiment to recognize the word files and generate sentences, the sound files need to be saved in a systematic code
· Our code specifies word type (t), word number within a word type (w), semantic type (s), and number (n)
· Word type specifies the different kinds of words (i.e.: determiner, color, alien, pattern, preposition, verb, or location)
· Word number within the type differentiates between the words within a specific type (i.e.: color #1 v. color #2)
· Semantic type differentiates between word endings (i.e. scary v. nice/ us v. ok)
· Number specifies whether the word is plural or not (i.e. ok v. oko)
· The code will have each letter (t,w,s, and n) followed by a number
· Ex: Fumoko (color word 1 with semantic type 2 and plural)
· t2w1s2n2 
· go to the folder with all of the best sound files
· rename all of the files in code
· Because the computer will reorder the files alphabetically as you rename them, it may be easiest to upload the files to box, then rename them. Box keeps the files in the order they were uploaded.
· That way you can look at the word above to copy the format (ie teepok has a similar code to teepoko)
**There are a lot of little ways to make errors during this process. Try to double check your work once you’ve finished to make sure that you have a sound file for each word and that all of the words are named correctly. It’s advisable to have another person double check this as well. 
Using the sound files recorded in this way, run the ‘soundgen.py’ file as explained in the main manuscript (step 1.2.4. in the protocol) to generate longer phrases using the newly recorded version of the artificial language. The experiment should otherwise run exactly as specified in the protocol. 
Creating the visual stimuli
- once the language is designed, create visual stimuli to depict every possible phrase and sentence in the language. 
- in our case, we started with creating the images for vocabulary words, that are shown in miniature form in Figure 3.
- We first created line drawings of 8 aliens from scratch in adobe illustrator. Since we have two semantic types, we created two sets of aliens with distinct visual properties. One set has a single eye, two legs, rounded shapes and a smile. The other set has five small eyes, multiple wiry legs, antenna and two teeth showing. Note that we ended up using only 6 of these 8 aliens in the experiment described here. 
- We then created 4 different possible skin patterns for the aliens, in groups of 2 (there are 2 different spotted patterns and 2 different striped patterns). This was done so that we could implement a probabilistic regularity, where each type of alien was associated mostly with one type of pattern (e.g. most of the scary aliens seen during training had spotted patterns). We started with creating 4 squares showing just the black patterns on a white background (Figure 3, pattern column). 
- We then created versions of each of the 8 different aliens in Adobe Illustrator with each of the 4 possible skin patterns, giving us 4x8 = 32 different patterned alien pictures. 
- We then chose 6 different colors the aliens could have. We created 6 different squares showing just that color. 
- We also created versions of all of the aliens, both patterned and unpatterned, in each color. This led to 6 (colors) x 5 (4 patterns + unpatterned) x 8 = 240 different pictures of colored, (un)patterned aliens. 
- At this point in stimuli creation, we piloted training up until full noun phrases (describing colored, patterned aliens) and realized that 6 different alien nouns and 6 different color words would take too long for participants to master, so we chose 2 of the 6 colors to work with for this experiment.
- We created 3 different alien landscapes in powerpoint, making sure each landscape was visually distinct, not too cluttered to take away attention from the aliens and roughly equally interesting to look at. We also made sure each landscape would clearly show aliens in our 2 colors without the alien fading into the background.  
- We created 3 different verbs that we were able to visually depict as aliens moving without the actual alien picture needing to change. We chose the verbs to have different end states, so that at the end of the movement it would still be possible to see what movement had taken place. We chose growing (the alien becomes bigger in 10 steps), moving to the right (the alien moves to the right in 10 steps) and rising (the alien rises up in 10 steps). 
- for each verb, we first created 10 frames that show a black rectangle doing that action against a white background (moving to the right, growing, rising up).
- we then created frames showing every possible verb with every possible patterned alien performing each action against each landscape, both on its own and with two of the same aliens adjacent to each other for depicting the plural. We did this by pasting the patterned alien(s) into the landscape either in slightly different positions for each frame (for moving to the right and rising up) or pasting in a slightly enlarged picture of that alien for each frame (for growing). Thus, we created 10 (frames) x 2 (singular/plural) x 3 (landscape) x 3 (verb) x 4 (pattern) x 2 (color) x 8 (alien) = 11520 different frames. All previous steps were done by hand using a combination of powerpoint and illustrator, this step was done using a matlab script for both efficiency and precision. 
 - for our script to be able to read in the stimuli, use the naming conventions detailed in file ‘Filenames for stimuli explained explained.docx’ that can be found on OSF at https://osf.io/74kqe/  

