PRIMATE LANGUAGE AND WELFARE: APPROACHES WHEN INVESTIGATING LANGUAGE STUDIES, THEN AND NOW

[bookmark: _Toc63283623]ABSTRACT

Humans are referred to as the “symbolic species” due to its linguistic ability, and interdisciplinary research on the origins of language range from areas such as paleoanthropology, biology, and comparative psychology. Many different approaches have been tested along the years to investigate if nonhuman primates express anything equivalent to human language, be it spoken, signed or through the use of symbols. In this review, we show some of the most extensive works regarding the study of nonhuman primate language, and how this topic has developed considering animal welfare. We give special focus to how technology can be an important ally for behavioral studies, and how two Institutions, one from the Global North (The Language Research Center – Atlanta/Georgia) and another from the Global South (Escola Experimental de Primatas – Belém/Pará) are combining concepts of behavior analysis, computer-based tests and animal ethics and welfare to provide better environments for captive nonhuman primates. We do hope that more institutions, specially from the Global South, consider computer-based tests as a tool not only to access primate behavior and cognition, but as an ally to guarantee more quality of life and enriched enclosures for captive nonhuman primates.  
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RESUMO

Os humanos são chamados de “a espécie simbólica” devido à sua capacidade linguística, e pesquisas interdisciplinares sobre as origens da linguagem abrangem áreas como paleoantropologia, biologia e psicologia comparativa. Muitas abordagens diferentes foram testadas ao longo dos anos para investigar se os primatas não humanos expressam algo equivalente à linguagem humana, seja ela falada, sinalizada ou através do uso de símbolos. Nesta revisão, mostramos alguns dos trabalhos mais extensos sobre o estudo da linguagem em primatas não humanos e como esse tópico se desenvolveu considerando o bem-estar animal. Damos especial enfoque em como a tecnologia pode ser uma importante aliada para os estudos comportamentais, e como duas Instituições, uma do Norte Global (The Language Research Center – Atlanta/Geórgia) e outra do Sul Global (a Escola Experimental de Primatas – Belém /Pará) estão combinando conceitos de análise do comportamento, testes computadorizados e ética e bem-estar animal para fornecer melhores ambientes para primatas não humanos em cativeiro. Esperamos que mais instituições, especialmente do Sul Global, considerem testes computadorizados como uma ferramenta não apenas para avaliar o comportamento e a cognição dos primatas, mas como um aliado para garantir mais qualidade de vida e recintos enriquecidos para primatas não humanos sob cuidados humanos.
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Introduction

Comparative studies in animal learning and behavior have been focused on investigating cognitive attributes that, theoretically, would differentiate humans from other species (Shanker et al., 1999), with the ability to communicate through language being the most debated topic (Berwick & Chomsky, 2016; Chomsky, 1995; Terrace, 2019). Humans’ ability to use and to understand symbols would define us as “the symbolic species” (Deacon, 1997a; Fisher & Marcus, 2006). Regarding this topic, no other group is more extensively investigated than the one phylogenetically closest to humans: Tthe nonhuman primates (Gardner & Gardner, 1975; Matsuzawa, 2003; Miles, 1994; Rumbaugh, 1977; Savage-Rumbaugh et al., 1993; Terrace, 1987).	Comment by jose eduardo reynoso cruz: This reference is very old, there are more recent review papers availahle like:

Beran, M. J., Parrish, A. E., Perdue, B. M., & Washburn, D. A. (2014). Comparative Cognition: Past, Present, and Future. International journal of comparative psychology, 27(1), 3–30.

Bräuer, J., Hanus, D., Pika, S., Gray, R., & Uomini, N. (2020). Old and New Approaches to Animal Cognition: There Is Not “One Cognition.” Journal of Intelligence, 8(3), 28. https://doi.org/10.3390/jintelligence8030028	Comment by jose eduardo reynoso cruz: Please use capitals after a colon
Through history, studies of language and symbol-learning involving nonhuman primates have strongly focused on the great apes: chimpanzees (Pan troglodytes), bonobos (Pan paniscus), gorillas (Gorilla spp.), and orangutans (Pongo spp.; ) (Savage-Rumbaugh, 1986). The study of these species, which are the closest genetic relatives to humans, constitutes one of the approaches to try to trace the path of the evolutionary process that caused certain attributes of the human mind to have emerged (Matsuzawa & Tomonaga, 2001). 	Comment by jose eduardo reynoso cruz: It is important to check the APA format rules; The most recent version encourages not using consecutive parentheses. 
There are different perspectives when studying language in nonhuman primates, which vary between works that are focused on the origins of syntax, grammar, and semantics (Hauser et al., 2002; Hurford et al., 1998) to approaches that emphasize the ability to form classes of stimuli, as a fundamental step in symbolic behavior, which would be the precursor of language (Dickins & Dickins, 2001). Methodologies have also varied, from trying to teach apes to vocalize human words (Furness, 1916; Hayes, 1951; Kellogg & Kellogg, 1933; Witmer, 1909), learn American Sign Language (ASL; ) (Gardner & Gardner, 1971; Miles, 1994; Patterson, 1979; Terrace, 1987) or to achieve other types of symbol learning (Premack & Premack, 1972; Rumbaugh, 1977). 	Comment by jose eduardo reynoso cruz: The same issue with consecutive parentheses 
Many of these studies, especially early ones, involved general conditions under which wild caught apes were raised and trained by scientists who would also be their surrogate parent figures, and the places where training occurred would vary from human homes to laboratory environments (Turner, 2023). Such conditions adapted – and are still adapting - as the legislation regarding animal rights also changed in the countries where these studies were held (Bayne et al., 2023). 
Here, we aim at an overview of language projects, especially the ones held in the Global North, focusing on how nonhuman primates were managed, and highlight how primate welfare is assessed today, focusing especially on an institution from the Global North (the Language Research Center, in Atlanta-USA) and another institution representing the Global South (Escola Experimental de Primatas, in Belém-Brasil).    

Spoken language and home-raised apes

[bookmark: _Hlk143885598]The first investigative works on the linguistic and symbolic capacities of nonhuman primates focused on their ability to vocalize human language, as well as associations of vocalizations with specific events (Furness, 1916; Hayes, 1951; Kellogg & Kellogg, 1933; Witmer, 1909). Most of these studies consisted on the training of great apes, such as chimpanzees and orangutangs, and, even though later investigations conducted in the 2000s analyzed human-like whistles produced by orangutangs (Lameira et al., 2013; Wich et al., 2009) and even vocal repertories used in a communicative way from bonobos such as Kanzi, initially trained for symbol learning (Taglialatela et al., 2003), undoubtedly, the two most pioneering experiments on spoken language training were the works from Winthrop and Luella Kellogg with the chimpanzee Gua (Kellogg & Kellogg, 1933) and from Keith and Catherine Hayes, who trained another chimpanzee, named Viki (Hayes & Hayes, 1951).   	Comment by jose eduardo reynoso cruz: I recommend using periods (.) more frequently than commas (,).
Just like other chimpanzees (Witmer, 1909) and orangutans (Furness, 1916; Laidler, 1987), Gua and Viki were trained to reproduce human speech by the manual manipulation of their lips, in repetitive training. The distinct approach of their training was that it occurred in a domestic environment, in which the researcher took the infant ape home, believing that it could benefit from a human environment, where the human child is immersed in linguistic stimuli so that it can practice vocal imitation and babbling, inherent to speech (Kellogg & Kellogg, 1933; Hayes, 1951). In these studies, wild-born apes were usually captured in their natural habitat and sold to researchers, who would then be their human substitutes for the conspecific rearing interactions they would have in the wild (Fouts, 1973). 
Besides being easier to handle than adult animals, juvenile apes were thought to be optimal for language research by the assumption that their young brains would be more receptive for learning (Turner, 2023). Also, even if controversial, apes as household pets were not uncommon in the 1900’s, and the idea of cross-fostering was thought as an adequate approach to test the “nature versus nurture” paradigm when accessing these apes learning processes (Gardner & Gardner, 1989; Kellogg, 1968). This can be noted, for example, in Kellogg’s work, in which the main objectiveprinciple was to investigate how the environment could influence the natural and instinctive behavior of Gua (Kellogg & Kellogg, 1933). 
Luella and Winthrop Kellogg were more particularly interested in answering how the development of an ape would occur in a human environment (Kellogg, 1931). Gua (who was almost 8 months old when the study started) was loaned from the Yerkes laboratory in 1931, and raised together with the couple’s son, Donald (10 months old), in the same environment, with the same routine, and in the most humane and identical way possible (Kellogg, 1968). In a chapter of their book The ape and the child, that deals with language itself, the authors reported attempts to teach the word “papa” to Gua, manipulating her lips so that she would produce the sound as they repeated it to her. and, Aalthough showing interest in the facial movements made by humans, Gua was not engaged in trying to imitate the sounds (Kellogg & Kellogg, 1933). 
The project, initially estimated to last for 5 years, was discontinued after 9 months, with the allegation that Gua was not engaged in communicating through human language and that, even though she could understand about 100 words, she never did try to speak to them. Donald, however, began to imitate Gua’s chimpanzee vocalizations, and so Gua was returned to a captive enclosure in Yerkes’s facility (Kellogg & Kellogg, 1933). Two decades later, Keith and Cathy Hayes also adopted a newborn chimp from Yerkes – Viki – also focusing on training her on the vocal production of human language (Hayes & Hayes, 1951). 
Viki was reared as an adopted only child and, from the age of 5 months old, her training started. Her progress was compiled in a detailed diary and some video recordings and was often compared with the progress of human infants and laboratory chimpanzees in a variety of formal experiments (Hayes & Hayes, 1951). In the book The ape in our house, the Hayes richly detailed all of Viki’s behavioral development and all the research procedures they used (Hayes, 1951). Although it was probably the most extensive and lengthy work to investigate the behavior of a nonhuman primate in a home environment, even after three intensive years of training, Viki was only able to pronounce four words ("mama" "up" "papa" and "cup") that were used in an unconvincing way (Hayes & Hayes, 1951). Viki lived with Keith and Catherine Hayes until she died of viral meningitis, at the age of seven (Gigliotti, 2022). 
As Kellogg (1968) and Witmer (1909) had already noticed, the chimpanzees' vocal expressions sounded difficult for them to understand, and the consonants, in general, seemed to be easier to pronounce, as noticed when Viki pronounced the words “up” and “cup”, most likely due to the phonetic similarity with their natural vocalizations (Hayes & Hayes, 1952). Part of this limitation to produce humanlike sounds may be explained by nonhuman primates’ differences in anatomical features of the vocal tract – such as the tongue and the larynx - when compared to humans (Ekström & Edlund, 2023; Fitch, 2002; Iwasaki et al., 2022) whereas other researchers also highlight the neuroanatomical differences, especially when accessing the Broca and Wernick areas (Amiez et al., 2023; Deacon, 1997a; Deacon, 1997b; Gallardo et al., 2023; van den Heuvel et al., 2023). 
IRegardless, it is important to note in this topic that, at the time thesesuch studies were held, care forof research chimpanzees had minimum standards, theseat were only more solidly stablished in the USA when the first version of the Animal Welfare Act (AWA) was ratified in 1966 (U.S. Department of Agriculture, 2017). Even though the AWA already mentioned nonhuman primates, its first version did little to address aspects of social, behavioral, physical, psychological, and environmental management, and the methodologies used for studying apes at that time may reflect on how animal rights were treated.  

Sign language and wandering apes

Considering the extensive scientific and methodological effort to train apes to vocally reproduce human speech, other approaches focused more on attempts to teach nonhuman primates gestural forms of communication. Studies of this kind aimed at the development of gestural repertoire of nonhuman primates (Mounin et al., 1976) mainly using American Sign Language (ASL). Again, juvenile great apes were the usually chosen participants of the experiments: chimpanzees (Gardner & Gardner, 1971; Terrace et al., 1979), gorillas (Patterson, 1978), and orangutans (Miles, 1994; Shapiro, 1982). 
Washoe, the first nonhuman primate to communicate using American Sign Language was a chimpanzee born in West Africa, and captured by the US Air Force, originally for research regarding the US space program (Gardner & Gardner, 1989; King, 2008). The female chimpanzee was adopted by Allen and Beatrix Gardner, a couple of psychology professors at the University of Nevada. Inspired by the work of the Hayeses with Viki, the Gardners also home-raised and cross-fostered Washoe like a human child while she lived in a house trailer, parked in a garden behind their house (Gardner & Gardner, 1989). 
The registers and results of their work is summarized in the book Teaching sign language to chimpanzees (Gardner & Gardner, 1989). WashoeHer training started when she was about 10 months of age, following a strict discipline in which only sign language was used around her, to prevent spoken English from interfering with her learning (Gardner & Gardner, 1971). After more than four years of ASL training, Washoe was able to use 133 signs reliably and appropriately, while also being able to create novel word combinations to express unique ideas (Gardner & Gardner 1971, 1989). 
In 1966, Roger Fouts interviewed with Allen Gardner about his interest to join the project and, in 1970, a five-year-old Washoe was relocated to the Institute of Primate Studies at the University of Oklahoma, under the care of Fouts and his wife, Deborah Fouts (King, 2008). There, Roger continued the Gardners’ studies and concluded his Ph.D. (Fouts, 1972). Later, the Foutses relocated Washoe and other signing chimpanzees to Central Washington University, where he kept working with her until her death, in 2007, when she was 42 years old (Fouts & Mills, 1997; Krause & Beran, 2020).
Many signing apes lived not only in home environments, but also in different universities. For Washoe, that meant commuting from Reno, Nevada to Norman, Oklahoma and Ellensburg, Washington (King, 2008). This provided her not only with different environments, but also with many interactions with scholars, researchers, and conspecifics. In Oklahoma, Washoe live in a larger facility compared to the one at Reno, that provided larger outdoor areas for the chimpanzees, andwas able to was able to interact with chimpanzees such as Moja and her adoptive son, Loulis, in a larger facility when compared to the one at Reno, that provided larger outdoor areas for the chimpanzees, besides the standard laboratory primate caging (Fouts et al., 1982; Krause & Beran, 2020). 
A decade later, Washoe, Moja and Loulis joined to signing chimpanzees Tatu and Dar at the Central Washington University (King, 2008). In this environment of intraspecific interactions, chimpanzees were not only learning novel signals and communicating amongst them, but also taught signals to one another, on a clear display of cultural transmission (Fouts et al., 1982, 1984, 1989). 
Some of the critics of sign language projects arose from a researcher that was strongly inspired by project Washoe: the psychologist Herbert S. Terrace. While questioning what would be the functional difference of such signs when compared to the innate body language of non-human primates, as well as if the signs produced would really match their meaning, Terrace started his own project training a young chimpanzee called Nim, with slightly different approaches regarding rearing and social environment, as well as testing conditions (Terrace, 1987). 
Nim was probably one of the first captive born apes trained in a language project. Born at the Institute for Primate Studies in Oklahoma, on November 19, 1973, Nim was acquired shortly after his birth by Terrace, but was not solely trained by him,: his trainers wereconsisted of more than 60 human professors (not all fluent in sign language) in different residences and at Columbia University Campus (Terrace, 1985). Such a constantly changing environment changes differed, in a certain way, from thoseat created by the Gardners with Washoe,. for example, and, Ddespite living in places enriched with stimuli and extensive interactions, Nim’s facilities at Columbia University were described as somehow limiting and barren in appearance (Terrace, 1987). 
In fact, this would reflect the enclosure conditions at that time, since not much consideration was given to environmental enrichment until the 1990s (Wolfle, 1999). Enclosures, back at that time, did not have their sizes based on scientific evidence, and materials used for building them were chosen depending on how readily they could be sanitized and disinfected, prioritizing, then, items such as stainless steel and concrete, even though some facilities already had outdoor enclosures (Turner, 2023). This configuration, though, can become quite troubling, especially when rearing great apes that become larger and stronger as they grow older.
Although Nim had some success in his learning, acquiring 125 signals in four years of study, and knowing how to use up to 25 different combinations of three signals (Terrace, 1987), Herbert Terrace adopted a skeptical view after revisiting video recordings of his interactions with the trainers, believing, to this day, that nonhuman primates are not able to learn language (Terrace, 2019). By the time Project Nim was over, Terrace reallocated Nim back to the Institute for Primate Research in Oklahoma, and it was only there that Nim interacted with other chimpanzees, teaching, and learning new signs while adapting to this new environment (Hess, 2008). 
Nim was later sold to New York University's Laboratory for Experimental Medicine and Surgery (LEMSIP) and, after a brief stay, was then purchased by The Fund for Animals (led by Cleveland Amory) and allocated at the Black Beauty Ranch, in Texas (Hess, 2008). Still experiencing and showing signs of distress due to isolation from other conspecifics at the Ranch, Nim was only able to interact with other chimpanzees ten years after his arrival, and would also interact through sign language whenever a former trainer from the Institute at Oklahoma visited him. He died on March 10, 2000, from a heart attack, at the age of 26 (Hess, 2008).  
Terrace’s skepticism also extended to works done with other apes, as is the case of Francine (Penny) Patterson’s work with a gorilla named Koko (Terrace, 1983). Koko was a female lowland gorilla, born July 4, 1971 at the San Francisco Zoo (Patterson & Cohn, 1990). She only lived with her mother and the gorilla colony at the zoo until she was six months old, and, after this, Koko was removed from her group due to health issues, being then raised by humans. That is when Project Koko started and she was exposed to spoken English and to a variant of ASL in sessions that lasted from five to eight hours and a half, daily (Patterson & Cohn, 1990).
Koko was also trained by several signing teachers, and the project was carried out in full public view during the first 11 months. After two years, Koko moved to Stanford University (after spending some time in a ten-by-fifty-foot trailer installed next to the zoo’s office trailer) with reduced public contact (Patterson, 1979, 1980; Patterson & Linden, 1981). It was at Stanford that Francine Patterson did her doctoral research with Koko, building a vocabulary of about 250 words that later evolved to more than 1,500 different signs, either taught or created by Koko, as well as signs that she combined to refer to new stimuli (Patterson, 1978; Patterson & Gordon, 2002; Patterson & Linden, 1981). 
At the beginning of the project, the idea was for Koko to be reintegrated back to her colony at the San Francisco Zoo after Patterson’s dissertation was finished, so Koko could contribute to breeding programs for the species (Patterson & Linden, 1981). Patterson, however, believed Koko could breed without returning to her original colony. It is significant to notice how welfare notions would somehow be conflicting, especially when Francine narrates her thoughts on how she felt about some management decisions from the San Francisco Zoo staff (Patterson & Linden, 1981). 
By the time they were faced with the dilemma ofthat the decision of bringing (or not bringing, as was the case) Koko back to her original colony, Francine expresses her concerns about the risk of Koko getting pneumonia, describing the enclosures as  in the “cold, confining, prisonlike cages”. Francine also had  of captive enclosures, while also having conflict of opinions with officials fromzoo official, since she was  the zoo, since she insistinged on dressing Koko in a sweater, against counterarguments from zoo staff, who alleged that apes do not use clothes in the wild (Patterson & Linden, 1981). These controversial notions of animal welfare persist until these days as zoos still have negative perceptions from the general public (Godinez & Fernandez, 2019; Reade & Waran, 1996), whereas social media exposition of nonhuman primates in anthropogenic environments and/or close proximity to humans, gain engagement from viewers that express their desire to have these wild animals as pets (Bockhaus, 2018; Nunes et al., 2023). 	Comment by jose eduardo reynoso cruz: I think these paragraphs could be integrated into one, with just the necessary information to show possible bias from Francine and her work.  My recommendation is to rewrite these paragraphs to have a clearer narrative about possible bias or conflict of interest of the researchers.
The fact that apes handled in language projects are instilled in a humanized environment from an early age also hinders future management decisions from all the members involved in the projects, and, for Koko’s case, this was sorted out with Patterson establishing The Gorilla Foundation (TGF) in order to purchase Koko, as well as other gorillas such as Michael, and move them from Stanford University to a forested area in Woodside, California, where they constructed a 676 ft² outdoor play yard and a 250 ft² indoor facility addition in 1981 (Nelson, 2017). This is where Koko lived the rest of her days until she died, in 2018 at the age of 46 years old (Patterson & Gordon, 2002). 
Orangutans were also trained for languagto communicate bye learning via ASL, like Chantek (Miles, 1994) and Princess (Shapiro, 1982). Encouraged by Dr. Duane Rumbaugh to train orangutangs, the anthropologist Lyn Miles worked with Chantek for eight years in an adapted trailer at the University of Tennessee at Chattanooga, with sign language taught to him by a group of keepers since he was nine months old (Hillix & Rumbaugh, 2004; Miles, 1994). Among the results, Chantek was able to use produced a vocabulary of about 150 different signs, and was claimed that his cognitive capacity was considered equivalent to that of a two--to three-year-old child (Miles, 1994). 
Chantek was born at the Yerkes Laboratory of Primate Biology and spent his first nine months of life with his colony, until being translocated to the trailer at the University of Tennessee-Chattanooga, where Lyn cross-fostered him (Miles, 1994). The facilities There, the acclimatation included designing his environmenwast to be as adapted to the as possible needs ofto an orangutan, with enrichment structures such as ropes strung between trees in his outside enclosure and toys to get him settled in and out the 5-room trailer, where his enclosure was (Hillix & Rumbaugh, 2004). Still, Chantek escaped to the University facilities on one occasion and was then moved back to Yerkes at nine years of age, where he lived in a 30 m² area with indoor and outdoor facilities, sharing it with another orangutang (Call & Tomasello, 1994; Hillix & Rumbaugh, 2004). 
While back at the Yerkes, Chantek’s interactions with Miles became more restricted over time, and, in addition, he gained 250 pounds (Hillix & Rumbaugh, 2004). Years later, he was relocated to Zoo Atlanta, where Miles was allowed to spend more time and work with him again, also helping with his adapacclimatation (Hillix & Rumbaugh, 2004). Chantek’s diet was adjusted, and he was able to revert back to an appropriate weight while also interacting with other orangutangs. He also interacted with a computer interface, operated by a joystick, that not only enriched his surroundings but also served as a testing apparatus and a demonstration tool about the advanced cognitive skills of great apes (Hillix & Rumbaugh, 2004; Maple & Perdue, 2018). It was at Zoo Atlanta that Chantek lived for the rest of his years until 2017, when he died of a congenital heart disease at the age of 39 (Burnham & Phelan, 2020).
Deviating from the pattern of most ape language projects at that time (although following the Gardners’ and Fouts’ methods) Princess was a home-reared but also free-ranging orangutang trained on ASL by zoologist Gary Shapiro (Shapiro, 1982). Even though Princess’ achievements were more modest when compared to otherher fellow signing apes (she learned around 37 different signals), her training environments were quite different, consisting of a semi-free environment, where Princess was trained both in the reserve's camping area, as well as in the forest or on the riverside (Shapiro, 1982).	Comment by jose eduardo reynoso cruz: This idea should be integrated with the information of the next paragraph. Take into consideration not to repeat information.
Princess was part of a group of rehabilitated orangutans from Camp Leakey, an orangutan conservation and research area located in a nature reserve in the forests of Tanjung Putting National Park, in Indonesian Borneo (Shapiro, 1982). Confiscated orangutans from the illegal pet trade were sent to the reserve for rehabilitation, and the study area is, still up to these days, an important study site on behavior, ecology, and genetics of orangutans, where some native individuals living in the park represent one of the two largest remaining wild populations in Borneo for Pongo pygmaeus (Galdikas et al., 2023). 
Beginning with Washoe, studies about signing apes continued until the early 2000s (Call, 2001; Chalcraft & Gardner, 2005; Bodamer & Gardner, 2002; Hartmann, 2011; Jensvold & Gardner, 2000). Indeed, when compared to spoken language, sign language was more easily assimilated and reproducible than spoken language in nonhuman primates, with apes being able to generalize the learned symbols to new stimuli not previously taught (Gardner & Gardner, 1969; Patterson, 1978; Terrace, 1987). However, critics would go from questioning if apes were able to really understand the meaning of the words they produce, and to grammatically organize such words in a conversational, semantic, and syntactic way that would characterize language (Terrace, 2019) as well as if the close interaction of trainers and apes would not encourage a tendency of the trainers to initiate communication and an inclination of the apes studied to imitate and repeat the signals observed by them (Terrace, 1983).
Regarding rearing conditions, the great apes trained in this fashion included individuals who grew up in environments that mixed the home environment with laboratories, interacting and growing with human surrogates of what would be their natural parental references, and creating significant ties with some of these humans (Gardner & Gardner, 1969; Hayes, 1951; Kellogg, 1931; Patterson, 1978; Terrace, 1987). There was a shared belief that such apes would become unmanageable at about six years old, as this was the timeframe that researchers engaged in ape language projects would relocate them to other facilities (Patterson & Linden, 1981). Although these studies yielded undeniably important results in the animal cognition field, we can observe a growing need for a change in the methodologies adopted over the years, not only in terms of the experimental paradigms investigated, but also in relation to ethical responsibility for animal welfare (Maple & Perdue, 2018).

Computers and enriched welfare	Comment by jose eduardo reynoso cruz: I suggest changing the name to something more appropriate like you do in the next section. In this section you mostly talk about the project of Kyoto University and do not have much about other projects that use computers and technology applied to language research .

With the evolution of technology, laboratory researchers moved to automated data collection processes, in tests where communication between researcher and primate would take place with the computer as an intermediary, aiming to give a more objective character to the study of linguistic – as well as other - cognitive abilities, trying to avoid Cclever Hans effect (Fowler, 1980) and the bias of human interpretation, while aiming at a more balanced approach that considers behavioral data collection and new standards of animal welfare (Rumbaugh et al., 1973). An example of the compromise between high-tech behavioral studies and wellbeing can be seen at the Primate Research Institute, at the University of Kyoto (KUPRI). In 1977, associate professor Kiyoko Murofushi and assistant professor Tetsuro Matsuzawa applied this methodology when starting Project Ai (Asano et al., 1982).	Comment by jose eduardo reynoso cruz: I think there are more recent review papers about the Clever Hans effect:

Samhita, L., & Gross, H. J. (2013). The "Clever Hans Phenomenon" revisited. Communicative & integrative biology, 6(6), e27122. https://doi.org/10.4161/cib.27122 


And another related directly  to language:

Schusterman, R.J., Gisiner, R. (1988). Animal Language Research: Marine Mammals Re-Enter the Controversy. In: Jerison, H.J., Jerison, I. (eds) Intelligence and Evolutionary Biology. NATO ASI Series, vol 17. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-70877-0_17 
As with the Language Analog (LANA) project that predated it (Rumbaugh, 1977; discussed below), the name of the project is also the name of an exponent experimental participant: a female chimpanzee named Ai. Unlike previous language programs described here, Project Ai was less interested in the communicative skills between apes and humans, and more focused on the perceptual and general cognitive capabilities of chimpanzee, such as how they can learn to relate specific visual symbols to individuals, objects, colors, numbers, and actions, through matching-to-sample (MTS) tasks (Matsuzawa, 2003). In these types of tasks, in general, the participant is exposed to a visual stimulus (know as the sample) and is trained to differentiate, from a set of stimuli, one that “matches” the sample (the comparison stimuli) (Galvão et al., 2008). The matching can be due to similar features or symbolic, for example. 	Comment by jose eduardo reynoso cruz: I think this explanation is unnecessary since the paper is not related to MTS or memory. If the authors are interested in giving information about the MTS task, I suggest saying: (Check Galvão et al., 2008 for further information on MTS)
In 1978, with about a year and a half old, Ai began her training by learning how to use a lexigram keyboard composed of visual symbols inspired by the characters of the Japanese alphabet in Kanji (Matsuzawa, 2003). This system, called Kyoto University Lexigram (KUL), had 26 capital letters and Arabic numerals from 0 to 9 (Asano et al., 1982).
The first publication in English on the outcomes of Project Ai reported the ability of three chimpanzees, Ai, Akira, and Mari, to associate lexigrams to eight corresponding objects and color names (Asano et al., 1982). Ai was also the first chimpanzee to learn the relation of Arabic numerals from zero to six, to the corresponding quantities of items presented to her (Matsuzawa, 1985). She also excels, up to these days, in other experiments regarding chimpanzee's cognitive and perceptual capacities: such as short-term memory (Fujita & Matsuzawa, 1990; Kawai & Matsuzawa, 2000) and perception of geometric figures (Tomonaga & Matsuzawa, 1992). The symbolic ability was also assessed in works that showed that Ai could be trained to use the personal pronouns “I” “You” “He” and “She” in a similar way to that used by humans (Itakura, 1992; Itakura & Matsuzawa, 1993). 	Comment by jose eduardo reynoso cruz: I would be cautious with the claims and interpretations of the memory capabilities of chimpanzees.

Cook P, Wilson M. Do young chimpanzees have extraordinary working memory? Psychon Bull Rev. 2010 Aug;17(4):599-600. doi: 10.3758/PBR.17.4.599. PMID: 20702883.  
Ai’s background is of a wild-born chimpanzee: she was captured from the Guinean Forests of West Africa and sold to KUPRI in 1977, starting her lexigram training when she was about a year and a half, in 1978 (Matsuzawa, 2003). Purchasing endangered wild animals became illegal later in Japan, in 1980, with the country’s ratification for the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; ) (Matsubayashi et al., 1986). Also, recent legislation and guidelines regarding animal experimentation in Japan emphasize the importance of providing a captive environment where animals can perform their species-specific behavioral patterns, considering each individual’s physiological, ecological, and behavioral characteristics, in a way that does not interfere with the objectives and methods of research (Bayne et al., 2023). 
In this sense, KUPRI issued very detailed guidelines for the care and use of nonhuman primates, including sections on facility design and equipment (Primate Research Institute, 2010). The practical application of such guidelines is reflected on the structure provided for Ai and the chimpanzees, such as the 700 m² external area at KUPRI, with about 500 trees and 15 m high climbable towers, intending to simulate the structure of a natural forest (Maple & Perdue, 2018; Matsuzawa, 2006). The external area is connected to indoor enclosures that have several items of environmental enrichment, like the computerized cognitive testing routine itself, considered an excellent tool for this matter as it promotes benefits such as: adding behavioral opportunities in a larger spectrum to the participants, allowing them to express appropriate behavioral repertoire for the species, and positively reinforce them so that they can deal more adequately with challenges (Fernandez, 2022; Westlund, 2014).

Apes, monkeys and humans: the Language Research Center

Serving as one of the Western inspirations for Project Ai, and contemporary to it, language training began in 1971 at the Yerkes Primate Center, continuing in 1977 at Georgia State University’s Language Research Center (LRC) in Atlanta, Georgia. The research team was led by researcher Duane Rumbaugh and called their study “the LANA project” (Rumbaugh, 1977). The name was not only an acronym for “LANguage Analogue”, but also the name of the first ape trained, a captive-born female chimpanzee named Lana (Rumbaugh, 1977). 
She was trained beginning in her second year of life to use an electronic keyboard made up of lexigrams, visuographic symbols that corresponded to objects or ideas, thus creating an analog of human language (Rumbaugh et al., 1973). The language system developed for this electronic keyboard received the nicknamed Yerkish, in honor of Robert Yerkes. The rudimentary grammatical system, created by Ernst von Glasersfeld, also allowed symbols to be combined to form simple sentences (von Glasersfeld, 1974). 
As mentioned before, the idea of using a computer as an intermediary, aimed at a more objective approach, trying to avoid the bias of human interpretation, common to previous sign-language and spoken-language studies (Rumbaugh et al., 1973). Still, it is interesting to notice that, at first, Lana was not so engaged in interacting with the lexigram that was settled inside her enclosure, and it was only after a human took part in communication (primarily Tim Gill – a psychologist and member of the research team) that she was more willing to interact with the lexigram keyboard; stressing the importance of the social context in the communication and wellbeing of nonhuman primates (Rumbaugh, 1977). 
As for the results of Lana training, she was able to discriminate the lexigrams, sequencing the symbols grammatically to answer questions, as well as identifying up to 36 different objects, and mastering more than 100 lexigrams, with the computer being modified to allow it to form sentences of up to 10 symbols (Rumbaugh, 2013). Her long-term memory was also surprising and, at 27 years old, Lana was still able to remember and correctly to use the lexigrams taught to her 20 years before (Beran et al., 2000). 
Lana's cognitive advances inspired the continuation of the project, and the second generation of primates also featured chimpanzees: two captive born males named Sherman and Austin (Savage-Rumbaugh, 1986). The more sociolinguistically rich environment in this new approach, allowed for chimpanzees to interact with one another, as well as for more humans to interact with them, when compared to how it was with Lana (Krause & Beran, 2020). This is partially reflected in some of the results, as Sherman and Austin were able to work with an expanded version of the previous lexigram, categorizing and distinguishing symbols referring to food and tools (Savage-Rumbaugh et al., 1980a), as well as using them in intraspecific symbolic communications between one another (Savage-Rumbaugh et al., 1978; Savage-Rumbaugh et al., 1980b). Key tests of language use involved the presentation of problems that the apes could only solve, or that they could solve more efficiently, by using their communicative keyboards.
Some changes at the LRC (switching the investigation’s focus from language training or conditioning to language learning, mimicking the ways that children learn symbols) also included the addition of another great ape species to the research: bonobos (Potì, 2005). New and spontaneous behaviors were then registered with a captive-born male bonobo named Kanzi, as he was able to spontaneously produce symbolic combinations of lexigrams that revealed an understanding of English words order, as well as grammatical rules (Greenfield & Savage-Rumbaugh, 1990, 1991; Savage-Rumbaugh et al., 1986; Savage-Rumbaugh et al., 1993). 
Born at Yerkes Field Station, Kanzi was adopted by a dominant female Bonobo called Matata, and both were moved to the LRC, where Matata was then the first bonobo exposed to language at the institution (Savage-Rumbaugh et al., 1985). However, Matata did not show progress in learning any symbol, whereas Kanzi began to assimilate geometric symbols by observing his adoptive mother's training, even though he was not rewarded, nor directly trained to do so (Savage-Rumbaugh et al., 1985). 
It is hypothesized that Kanzi’s distinct rearing conditions also allowed him to learn unique vocalizations, and to have vocal comprehension of English words (Hopkins & Savage-Rumbaugh, 1991). The estimation is that Kanzi knows the meaning of more than 3,000 words of spoken English and that his lexigram keyboard had more than 340 symbols (Savage-Rumbaugh et al., 1993, 2004). Besides Kanzi, a bonobo named Panbanisha and a chimpanzee named Panzee also had surprising results using the lexigram: being immersed in a linguistic environment since the first few weeks of their life, they would comprehend more than 100 spoken words, learning to use more than 100 lexigrams, and showing similar levels of speech comprehension when compared to Kanzi (Brakke & Savage‐Rumbaugh, 1995, 1996). 
The four chimpanzees mentioned in these language projects lived long and productive lives, dying of natural causes at the LRC: Lana (1970-2016), Austin (1974-1996), Sherman (1973-2018), and Panzee (1985-2014) (Washburn & Rumbaugh, 2022). The bonobos Kanzi (1980-present) and Panbanisha (1985-2012) were moved in 2004-2005 to facilities constructed for the species at the now called Ape Cognition and Conservation Initiative (Epping & Taglialatela, 2022). 
The changing of the Iowa Institution’s name was also a change in the chief coordinators and, since 2013, there has been a significant improvement on the care and management of the now seven resident bonobos (Epping & Taglialatela, 2022). The institution is situated on a 230-acre area, and bonobos have access and freedom to commute through six acres of outdoor space, equipped with groves of trees and climbing structures around a lake (Epping & Taglialatela, 2022). The outdoor space is connected to indoor spaces that count with touchscreen workstations to enrich their environment while also contributing to cognitive and behavioral research (Epping & Taglialatela, 2022). 
Back at the LRC, the research facility was not only home to chimpanzees and bonobos: since 1981, it housed 5 chimpanzees, 14 bonobos, 2 orangutans and is still home to dozens of rhesus macaques (Macaca mulatta) and capuchin monkeys (Sapajus sp.). Lexigram trained apes were able to take daily excursions accompanied by researchers on the many trails to treehouses, camp sites and the river, since the 50 acres forest surrounding the facility was also used as an outdoor lab (Washburn & Rumbaugh, 2022). 
Today, scientists at the LRC work mainly with rhesus (Macaca mulatta) and capuchin monkeys (Sapajus sp.) in behavioral research ranging from metacognition and the transfer of rules learned from one cognitive domain to another (Falcone et al., 2013; Morgan et al., 2013; Washburn et al., 2006) to behavioral responses to unequal rewards and numerical cognition (Brosnan, 2019; Harris et al., 2010; Livingstone et al., 2010; Talbot et al., 2018; Washburn & Rumbaugh, 1991). Beran et al. (2016) published one overview of these projects. These studies take place in laboratory/vivarium buildings that provide over 12,000 square feet of indoor/outdoor housing and testing space, where monkeys have the opportunity to live in cohesive groups of co-specifics, while assisted by faculty/staff/student researchers, caretakers, and veterinarians (Washburn & Rumbaugh, 2022).  
The LRC’s contribution to animal husbandry and welfare can be seen in works that range from how they adapted to the Animal Welfare Act 1986 amendment that stated to “provide a physical environment adequate to support the psychological well-being of nonhuman primates”, providing cognitive enrichments like the ape-language keyboards and game-like computer tasks (Maple & Perdue, 2018) to how improvements made in this sense are in good agreement with a wellbeing index that is able to comprise the four Cs of psychological wellbeing (comfort, companionship, challenge, and control; see Washburn, 2003, 2015).

Escola Experimental de Primatas – Students and Learners

An example of a facility from the Global South that uses technology to access animal behavior and welfare is the Escola Experimental de Primatas (ESP), in Brazil. Located at the Universidade Federal do Pará, the facility is registered as a scientific breeding of wild fauna, licensed for noninvasive behavioral research, and currently houses 22 capuchin monkeys (Sapajus spp.) (Operation license Nº.: 12493/2021). ESP was founded in the 1990s, led by Olavo de Faria Galvão (Galvão et al., 2002). The School emerged with a proposal to investigate a paradigm of symbolic behavior in capuchin monkeys, more specifically, the phenomenon of the equivalence classes (Sidman & Tailby, 1982). Searching for the equivalence in capuchin monkeys, ESP adhere to the use of computers as intermediates to study symbolic relations in capuchins, as well as stimulus control, equivalence relations (Sidman & Tailby, 1982), and environmental enrichment (Galvão et al., 2002; Lessa et al., 2011). 
ESP findings in research on stimulus control and equivalence relations have been regularly published since the first decade of the 2000s (Galvão et al., 2002) and some of them consist in experimental demonstrations of abstract learning in capuchin monkeys, represented by generalized identity matching-to-sample (Barros et al., 2002; Galvão et al., 2005), bringing robust data about the phenomenon by implementing exemplar training as a favorable condition for the demonstration of generalized identity (Brino et al., 2014) and documenting the development of an experimental model for the study of stimulus relations learning with capuchins (McIlvane et al., 2011). In ESP, the capuchin monkeys are seen not only as participants, but as learners, and the terms lab and school are metaphorically equated (Barros et al., 2003; McIlvane et al., 2011). 	Comment by jose eduardo reynoso cruz: It is a very long idea.  You could develop a list instead.	Comment by jose eduardo reynoso cruz: In previous paragraphs you use MTS to refer to this task
As for the treatment dispensed to the monkeys, ESP is a breeding ground for wildlife animals that have been rescued because they have been illegally taken, usually when they were babies, from nature and exposed to mistreatment. For example, consider Sivuca (de Vasconcelos et al., 2017), an albino male adult capuchin monkey that was found abandoned, with his canine teeth filed down and his tail cut off, in the streets of Breves, an Amazon riverside town. 	Comment by jose eduardo reynoso cruz: I believe this information does not really add too much to the discussion of language. I recommend to rewrite this whole paragraph to describe the job of ESP related to rehabilitation and rescue.
He was handed in to the Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (IBAMA), and transferred to the ESP, where the animal received medical and dental treatment and lived a dignified life until his death at ESP on July 20, 2023. Unfortunately, this type of situation is not uncommon, because most animals that reach Brazilian environmental agencies come from illegal trafficking, the third largest illicit activity in the world, behind only to arms and drugs (Lopes, 2000; RENCTAS, 2001; Vidolin et al., 2004). Even though most capuchin monkeys that live in the institution are victims of illegal trafficking, ESP also has five specimens that were born inside the facility (the first one in 2018 and the most recent one in 2023). 
When it comes to housing conditions at the ESP, the animals live in groups of three to four individuals distributed in seven cages located in the external courtyard of the facility, each one measuring 2.5 m x 2.5 m x 3.0 m, being 1.5 m apart from one another, (Goulart et al., 2013). The animals are transported to the experimental sessions (that occur inside the facility) and back in a transfer cage. Experimental sessions are run in an experimental chamber (0.6 m x 0.6 m x 0.6 m) that is connected to a computer equipped with a touch screen monitor and an automatic food dispenser (Jiménez et al., 2021; Leal et al., 2020). 
The animals are not exposed to food deprivation as preparation for experimental sessions and are fed twice a day. Regular feeding usually does not prevent participation in experimental sessions, and the pellets used as a reward are sufficient to produce learning without the need to deprive the animals. Capuchin monkeys at ESP regularly, actively, and freely go to the sessions almost daily, and train at their will, deciding when to finish a section if they show signs of pellets satiation, distress, or discomfort (O.D.F Galvão & A.L.F. Brino, personal communication, December 12, 2023).
[bookmark: _Hlk146187769]Another vivarium, called the “Macaquarium”, consists of a tempered glass-wall larger enclosure (14 m x 11 m, divided in two halves measuring 7 m x 11 m) inhabited by two capuchin monkeys each, and has a total area of 45.09 m2, with partially covered ceiling in a suspended roof, to provide thermal comfort, and to protect from the sun and rain. Each enclosure features a wooden shelter with a canvas ramp and containment cages for separate feeding of each animal, as well as for transport in cases of medical care. The data collection building is integrated to the enclosure, allowing the monkeys to enter and leave the experimental chamber by themselves. Future plans include moving the facility to a bigger area, surrounded by a forest fragment inside the Universidade Federal do Pará (O.D.F Galvão & A.L.F. Brino, personal communication, December 12, 2023).	Comment by jose eduardo reynoso cruz: This paragraph should be located after the description of the previous enclosure. 
As already mentioned before, the exposure to computer training can be considered an enrichment in living conditions of captive animals, improving their welfare (Washburn & Rumbaugh, 1992; Westlund, 2014; Whitehouse, 2013). Besides computer training enrichment, the monkeys at ESP are also presented to the five categories of environmental enrichment (social, physical, nutritional, occupational, and sensory) at ESP, with welfare impacts of such enrichments becoming products of undergraduate and graduate studies (e.g. Lessa, 2009; Neves Filho, 2010). They also are maintained in health and feeding conditions approved by the Secretaria de Estado de Meio Ambiente e Sustentabilidade of Pará (SEMAS-PA), under supervision of a medical veterinary (Goulart et al., 2013).	Comment by jose eduardo reynoso cruz: This information fits better in the paragraph where you mentioned food deprivation. 
Works such as the ones conducted at the LRC and ESP highlight a promising way of studying primate language while also ensuring that animals are being treated as ethically as possible. Similar endeavors taking place at the Global North are the already mentioned Primate Research Institute, at KUPRI, and the “Living Links to Human Evolution”, a research center in Edinburgh Zoo that also focus on a welfare-based approach when studying primate behavior and cognition (Macdonald & Whiten, 2011). 
Even though institutions at the Global South that work with nonhuman primates are increasingly more committed with animal welfare, their works are more focused at biomedical and conservational/ecological research (Nyika, 2009; Rosa, 2016). We encourage institutions at the Global South to lead more computer-based tests investigations, as it can be an effective enrichment tool, as well as a promising approach to studies on primate behavior and cognition.    	Comment by jose eduardo reynoso cruz: Based on the previous review of other research centers, I would be expecting a highlight of the research related to language or pointing to future research plans related to language. I recommend adding that information or topics related to language.
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