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Abstract

Claims that signing with infants benefits language development are examined. Fourteen infants aged 19 to 23 months were tested on their comprehension and production of novel labels in a word learning task. Infants participated in two conditions. In the Sign + Word condition, infants learned both a signed and vocal label for a novel toy, whereas in the Word Only condition, infants were taught only a vocal label for the novel toy. Results showed that when children participated first in the Sign + Word condition, their comprehension and production abilities were lower than when trained first in the Word Only condition. Previous exposure to sign language was not related to infants’ performance on the word learning task, although there was a marginal effect of previous language ability on performance. Contrary to previous findings (e.g., Goodwyn, Acredolo, & Brown, 2000), the sign and word combination did not facilitate children’s learning of spoken labels. Possible explanations for these findings are discussed. 

The Role of Sign Language on Word Learning in 19 to 23 Month Old Infants

“Just as learning to crawl increases rather than decreases a child’s motivation to walk, [the] use of gestures increases rather than decreases the child’s motivation to talk” 

-Goodwyn, Acredolo, & Brown, 2000
The “Baby Signing” Phenomenon

A growing number of baby sign programs, such as Baby Signs, Sign2Me, Baby Hands, and Baby Signing Time, have emerged in the last decade, claiming that signing is a ‘great way to enhance your child’s early brain development’ and promote language development (e.g., Baby BumbleBee, 2003). The marketing of classes, activity books, flashcards, and other “educational” programs, have promoted baby signing into a recent phenomenon . Perhaps not surprisingly, the idea of communicating with infants through sign language is appealing to many parents. Claims of benefits from manufacturers of these products rage from advancements in language development and literacy to increased intimacy between parent and infant, and decreased infant frustration (Johnston et al, 2005). .  

Many parents have embraced the use of sign language in their households and express their delight with being able to communicate with children at an earlier age (Baby Signs, 2008). However, there also are parents who have been disappointed by the lack of response or improvement in their child’s language and cognitive development. Many are also worried that teaching their children to communicate through sign language may hinder their attempts or willingness to learn vocal speech, especially because the latter is much more challenging to accomplish (Acredolo & Goodwyn, 2002).The differing opinions between parents, the concern of signing having a negative effect on vocal development, and numerous unanswered questions in the body of research of sign language were among the key motivators for the present experiment. Specifically, the present study was designed to examine further the effect of sign language on word learning as well as to examine the empirical claims many commercially available products rely on to recruit consumer.

Theorized Benefits of Baby Signing
Baby signing programs state that signing can promote the development of spoken language skills, reinforce language skills already developed, increase early literacy skills, develop an understanding of language for  communication of emotions, and teach a baby how to start (and participate in) a conversation (Babies and Sign Language, 2009). Founders of the most widely used programs are language development researchers, such as Dr. Acredolo, Dr. Goodwyn, and Dr. Garcia, who state that these claims are empirically founded. 


Researchers have hypothesized as to why baby signs may be a more comfortable means of communication for infants. The higher chances of prompting opportunities, the higher iconicity of signs, the greater visibility of signs, the child’s sensorimotor control, and increased infant-directed speech have all been cited as reasons why baby signs may be easier for children to grasp than vocal language (Goodwyn & Acredolo, 1993). In terms of prompting opportunity, signing can be physically and directly prompted by a caregiver (i.e., Tabor 1988), which can facilitate learning. For example, in order to help a child sign “I love you”, a parent can mold the child’s fingers into creating the sign. This physical prompting and molding is virtually impossible for the vocal modality. 


In terms of visibility, signs are useful tools because they can remain in a child’s line of vision for an indefinite period of time. Whereas words “disappear” from the child’s sensory surroundings after they are uttered, a parent or caregiver can hold a signed label for a more extended time, giving children the opportunity to visually and manually explore it. Moreover, because signs have higher iconicity and usually bare more resemblance to the referent (Goodwyn & Acredolo, 1993), it is easier for infants to associate an object with a sign than with a verbal label. 

In addition, signing is physically easier to imitate and also builds on the child’s developing sensorimotor skills. Several researchers argue that signing is easier for young infants to master than oral communication. One of the reasons is their more developed early gross motor skills, especially when compared to the lack of fine motor control of phonetic and articulatory actions required for effective oral communication (e.g., Acredolo & Goodwyn, 1990). Because infants in their first year are in the process of developing gross and fine motor control, sensorimotor behaviors are natural candidates for early labeling (Acredolo & Goodwyn, 1985). However, other researchers have hypothesized that the use of manual and oral modalities of communication develop at the same time and that a single language center in the brain is responsible for the development in both modalities (Petitto, 1994, 2000). Because this controversy is still without resolve, the sensorimotor advantage argument must be taken with a grain of salt. 

It is clear that there are many hypothesized reasons as to why parents should expose children to baby signs as infants. When these theories are put into practice in the experimental method, results on whether baby signing can actually facilitate speech development can vary from positive, to null, to negative. Given the amount spent on products and programs that parents believe will benefit their children’s development, it is worth reviewing and investigating these claims. 
Research on Baby Signing and Communication

Some researchers have found empirically-founded advantages to signing (e.g. Acredolo & Goodwyn, 1990, 2000, 2002, 2003; Goodwyn & Acredolo, 1993, 1998; Goodwyn, Acredolo, & Brown, 2000). For example, children who are taught sign language achieve language milestones at an earlier time in gestures than in vocal language (Goodwyn & Acredolo, 1993). Moreover, Bonvillian, Orlansky, Novack, and Folven (1983) found that participants in their study, who were exposed to sign language, began using gestures at 8.6 months; 3.5 months earlier than typical infants using verbal language. In addition, Goodwyn and Acredolo (1993) found that the onset of symbol use in the gestural modality reliably preceded the symbolic use of words in their participants. In their study, when hearing parents were trained to encourage the use of symbolic gestures (e.g., palms up for ‘‘Where is it?’’), their hearing infants began to use gestures a mean of 0.69 months before their first vocal words. These authors then concluded that, since recruiting gestures to label objects seems easier for babies than “figuring out appropriate acoustic forms” (Goodwyn & Acredolo, 1993), baby signs is giving children a “jump-start” on verbal development and will lead them to vocalize words at a sooner age (Acredolo & Goodwyn, 2000; Garcia, 1999). However, this claim has not been empirically corroborated and is more of an extrapolation than an evidence-based fact.  


Other studies have also shown positive effects of signing on language development. For example, studies by Acredolo and Goodwyn (1988) have shown evidence of positive correlations between symbolic gesturing and verbal development: the more symbolic gestures the children had included in their communication repertoires by 19 months, the larger their verbal vocabularies at both 19 and 24 months. Nonetheless, it is important to remember that correlation does not imply causation. 
In another study, Goodwyn, Acredolo and Brown (2000) divided 103, 11-month old infants into three groups. In the signing group, parents were encouraged to use sign/word combinations with their children. In the verbal group, parents were encouraged to verbally label objects in their surroundings. Finally, in a comparison group, parents were not given any instructions. Children were measured in their receptive and expressive abilities at several times during a 15-month time frame. Results showed that the infants whose parents encouraged symbolic gestures outperformed children whose parents encouraged vocal language on follow-up tests of receptive and expressive vocal language, especially at 15, 19, and 30 months of age (Goodwyn et al, 2000). The authors hypothesized that by enabling an infant to take an active role in conversation, the symbolic gestures improved both forms of communications. However, though there was still an advantage in the signing group at 30 and 36 months, this difference was no longer statistically significant. Also, comprehension and production scores were measured from parent reports in phone interviews or with tests such as Receptive- and Expressive-One-Word-Picture-Vocabulary Tests or the McArthur Communicative Development Inventory (Goowdyn et al, 2000). There were no direct comprehension or production tasks to measure the child’s performance. It is also unclear whether parents signed with their children during a bracket time or throughout the duration of the study.  


The authors conclude from this study that the higher scores in the signing group indicate that signing gives children an advantage in verbal and literal skills later on. In addition, a follow-up study on participants at age 8 indicated a significant 12-point advantage for the children who had been encouraged to use the Baby Signs Program during their second year of life (Mean IQ = 114) over the children who had been in the Non-Intervention Control Group (Mean IQ= 102). The advantage held for both the Verbal and Performance Sub-scales of the WISC-III (Acredolo & Goodwyn, 2000). 

Despite what seems to be a large body of research supporting baby signing, it is important to note that many of the researchers who have reported a beneficial effect of baby signs on language development may have conflicts of interest because they are also founders of many of the signing programs and commercial products in the market. Alternatively, Johnston et al. (2005) conducted an independent meta-analysis of 17 studies, and they concluded that “an exhaustive search of the literature failed to support claims that early exposure to gestural baby signs advances children’s development,” mostly due to methodological insufficiencies such as the lack of examples of randomized-controlled trials (p. 243). In addition, though most studies explain that parents were trained to sign to their children, “evidence of whether, how often and how effectively parents communicated with their infants using signs was not reported” (Johnston et al., 2005, p. 243). Also, they importantly noted that the programs and products commercially available for teaching baby signs are not the same as the ones used as the independent variables in research studies (Johnston et al, 2005), consequently calling into question the “evidence-based” benefits these programs claim to have.

In addition, there has been conflicting research on the role of signing on receptive language development. Some studies have reported that gestures facilitate comprehension (e.g., Tfouni & Klatzky, 1983), whereas other studies have reported null effects (e.g., Lickiss & Wellens, 1978). Still other studies have reported that gesture hinders comprehension, at least under some circumstances (e.g., Kelly & Church, 1998). 

 
Lastly, baby sign programs use terms such as communication and speech production interchangeably, and this can be inaccurate and misleading. Communication is not limited to verbal speech; humans can communicate through electronic gadgets, dance, music, and even Morse code. Speech production is a specific form of communication. For this reason, stating that signing can help a child communicate at an earlier age is different from stating that signing can help a child produce speech at an earlier age.

Because of this misuse of terms, the main concern this study aims to address is whether baby signs can facilitate infants’ performance on a word-learning task. Also, since most studies recruit participants aged less than 12 months (e.g. Acredolo & Goodwyn, 1985; 1988, 1990; 2000) and programs encourage caregivers to begin signing between 6 to 8 months (BabiesandSignLanguage, 2009), there is an interest in seeing whether these positive effects of baby signs are contingent on teaching a child to sign before their first year of life. 

Hypotheses 

This study hypothesizes that 19 to 23 months infants who are exposed to a sign and word label combination for a novel toy will demonstrate better comprehension and more reliable production of a novel word than when exposed to a verbal label only. In addition, we foresee that children will be better able to generalize the label to another version of a target toy when the child is presented with both a verbal and signed label. It is also hypothesized that those infants who have had previous exposure to sign language will score higher than those who had not. Lastly, it is hypothesized that when exposed to the word and sign combination, children will be more likely to produce the label rather than the word, and that their scores on the comprehension and production tasks will correlate with their previously measured language abilities. 
Methods

Participants

Fourteen typically developing, hearing infants (10 female, 4 male) aged between 19 and 23 months. Mean age was 20.4 months (SD = 1.43), and the median was 19 months. Participating families were recruited from the Cornell Infant Studies Laboratory database. 

Stimuli

Four pairs of toys were made by the researcher using Crayola® Model Magic. The pairs were identical with the exception of one pronounced characteristic, such as size, color, or face characteristics. The similar pairs were not presented simultaneously; instead, two different toys were presented during the first labeling session, one being the target and the other being the control. During the generalization phase, the other half of the pairs of similar toys were presented. Figure 1 shows the target and control paired toys, and the generalized pairs that were presented after the first label task. Creating new toys rather than using commercial toys made it possible to control for previous experience with the target and control objects. 
Procedure

Pre-Testing Phase. Parents completed the short form of the McArthur-Bates Child Development Inventory: Words and Sentences in order to assess infants’ language production (Fenson et al., 2000). At this time, parents were asked whether the child had previous experience with similar versions of the novel toys. In addition, parents were asked whether their children had been previously exposed to baby signs. 

Children were randomly assigned to a testing order (i.e. whether they would participate first in the Sign + Word condition or Word Only condition), and gender, label, and target toys were all counterbalanced.


Testing Phase. During the testing session, children were first presented with the two toys, one at a time. After initially exploring each object for approximately 20 seconds, the first object was placed the table and labeled, followed by the labeling of the second object. If the object is the target, then the investigator said “(Name of child) look! See, it’s a bupa/mima! What a nice bupa/mima! I like the bupa/mima. You see the bupa/mima? (Name of child), it’s a bupa/mima!”  If the object was the control object, the investigator instead said “(Name of child) look! Wow, can you see it?  How nice, I like it! It looks so cool, huh? I really like it (Name of child), see?” There was an equal number of 5 syllables in each phrase, and the nonsense labels bupa or mima were said 5 times for each child. One of the labels was randomly assigned to each child. When a child was in the Sign + word condition, a nonsense sign accompanied the verbal label whenever it was mentioned.  The gesture consisted of joining the thumb, middle, and ring finger at the tip and shaking the hand by the wrist back and forth.  In addition, the investigator ensured that the child was looking at the object whenever the label was mentioned. 


Immediately following the labeling of the target toy (even if it was the first toy presented), children were tested in the production task as the first task. The order of the production and comprehension task was not counterbalanced because testing for comprehension before production would give a child two extra exposures to the label than the children who were tested for production first. In order to test for production, children were asked “(name of child), what is this called? What is its name?” If there was no response, children were prompted until the child pronounced the label or until the investigator was assured that the child did not know the label.


Comprehension was assessed after both the target and control toys were labeled and children had been asked to provide the label in the production task. In order to assess the child’s mapping of the label, both objects were placed on the table at an equal distance from the child, and the investigator asked “(name of child), can you find the bupa/mima? Where is the bupa/mima?” if there was no response, children were prompted until the child chose one of the toys or until the investigator was assured that the child would simply not respond to the prompting. Comprehension was tested twice in order to switch the placement of the target and the control, i.e. the target was both at the left and the right of the child. This ensured comprehension because it controlled for children preferring to choose only toys on a specific side and for children simply choosing the right toy out of luck.  


Generalization Phase. After the first set of toys were presented and the child was tested for production and comprehension, then the investigator brought out the similar versions of the first set of toys, one at a time. After playing with both for around 10 seconds, the investigator solely brought out the new version of the target toy and asked the child “what do you think this one is called?” and waited for the child to produce the label. After repeating the production assessment, the child performed the same comprehension task with the new versions of the toys.


The end of the generalization phase signified the end of one condition. After the end of the first condition, the child then participated in the second condition (whether it is Word + Sign or Word Only). Testing in both condition lasted approximately 6 to 9 minutes. 
Coding


For previous language abilities, children’s McArthur comprehension and production scores were examined. Their abilities were coded as “high” if their scores were higher than the mean of the group, and “low” if their scores were lower than the mean or the group. As a result, a high versus low binary language variable was created. Sign exposure was also a binary variable, depending on whether the child had or had not been exposed to baby signs in the household. 


Comprehension was measured in both terms of accuracy of children’s responses and prompting by the experimenter. For accuracy, children’s responses were coded as unsuccessful and successful. A child’s behavior was coded unsuccessful if the child refused to touch, look at, or point to the target o control object or if the child touched, looked at, or pointed to the wrong object. A child’s response was labeled successful when the child touched, looked at, or pointed to the target object. For prompting, the number of times the investigator asked a child to locate the target toys was counted. The higher the number of prompts, then the less we can assume the child effectively mapped the label to the target object. In addition, because comprehension was tested twice, children who accurately located the labeled object twice received a score of two (one for each time asked), children who accurately located the labeled toy once received a score of one, and children who were unsuccessful received a score of zero. For prompting, the number of prompts in both tests was totaled. 


Production was also measured in terms of accuracy and prompting. For accuracy, successful attempts to imitate the target sign and/or word were labeled separately (i.e. there was one separate category for sign production and another category for word production). This separation was crucial to see whether participants had an inclination towards the verbal or signed label. Responses were coded as unsuccessful if the child did not respond or if the child pronounced a word that was not the target label. Responses were coded as successful if the child partially or accurately pronounced a verbal or signed label. Partial sign or word productions were labeled as successful because perfect pronunciation of the word was not expected or specifically desired for participants of such a young age. 

Results

Descriptive Statistics. Table 1 lists the mean number of successful responses (with standard deviation) for the immediate comprehension task, the generalization task, and the production task for infants in each condition. 

Infants’ Comprehension of the Novel Label. Infants’ accuracy in selecting the target object (labeled by the experimenter during the training session) was examined in a 2 (sex: male vs. female) x 2 (testing order: Sign + Word first vs. Word Only first) x 2 (novel label: sign-word label v. word-only) x 2 (comprehension task: immediate v. generalization) mixed-model analysis of variance (ANOVA).  The analysis yielded a significant comprehension task x testing order interaction, F (1, 10) = 5.36, p < .05, (p2  = .35. That is, participants’ performance differed depending on which condition they were tested in first and on whether the comprehension task was after the initial labeling or the generalization task. For infants who participated first in the Sign + Word condition, a 2 (novel label) x 2 (comprehension task) yielded a significant effect of label, F (1, 6) = 7.36, p < .05, (p2  = .55. Infants in this testing order demonstrated significantly more accurate comprehension of the Word Only novel labels (M = 1.71, SD =.76 for the immediate comprehension test and M = .171, SD = .49 for the generalization task) than the Sign + Word labels (M = 1.43, SD =.54 for the immediate comprehension test and M = .71, SD = .76 for the generalization task). In contrast, infants who participated first in the Word Only condition showed equal performance in the comprehension accuracy of each label (M =1.71, SD = .76 for both the immediate and generalization comprehension task). This result can be seen in Figure 2.
The number of times the experimenter had to prompt the infant to provide a response in each comprehension task was examined in a 2 (sex) x 2 (testing order) x 2 (label) x 2 (comprehension task) ANOVA. The analysis yielded a significant label x testing order interaction, F (1, 10) = 8.64, p < .05, (p2  = .46 as well as a significant task x testing order interaction, F (1, 10) = 8.64, < .05, (p2  = .46. To explore the source of these interactions, the number of experimenter prompts was analyzed separately by testing order. For infants who participated first in the Sign + Word condition, a 2 (novel label) x 2 (comprehension task) ANOVA yielded an effect of label, F (1, 6) = 8.00, p < .05, (p2  = .57. Infants required significantly fewer prompts with the Word-only label than the Sign + Word label. For infants who participated in the Word-only condition first, the 2 (label) x 2 (comprehension task) ANOVA yielded only a marginally significant effect of task, F (1, 6) = 3.95, p = .09, (p2  = .40. Infants required more prompts in the immediate (M = 3.36, SE = .26) than generalization comprehension task (M = 3.00, SE = .22).These results can be seen in the bottom graph of Figure 2. 
Infants’ Production of the Novel Label. Because the task of word production was expected to be more challenging than the comprehension task, overall scores of accuracy were lower than the comprehension scores, with only seven children partially or correctly articulating the label. Average performance across all conditions amounted to 0.45, SD = 0.52. In addition, overall analyses showed less statistically robust results. When production was measured in terms of accuracy, a 2 (sex) x 2 (testing order) x 2 (label) x 2 (production task: immediate v. generalization ANOVA yielded only a marginally significant interaction among sex, testing order, label, and production task, F (1, 10) = 3.86 p = .078, (p2  = .28. According to these findings, females who participated in the Word Only condition first did best in the immediate labeling production task than either males in this condition or males and females who participated in the Word Only condition.  However, when a sex sub-analysis of these results was conducted, results no longer had statistical significance. These findings can be seen in Figure 3.  The same analysis conducted with the number of prompts required to illicit a response from infants did not yield any significant results.  

Label Preference. Of the seven participants whose production of the target label was coded as successful, only one participant imitated the sign, and this was only during the immediate production of the Sign + Word production. The remaining infants who produced a label either pronounced a close or accurate imitation of the verbal label. 

Previous Baby Signs Exposure. A 2 (sign exposure: present vs. not present) x 2 label x 2(comprehension task: Immediate v. generalization) x 2 (testing order: Sign + Word condition first vs. Word Only condition first) ANOVA yielded a label x comprehension task x sign exposure interaction, F (1, 10) = 6.88, p< .05, (p2  =.41, but no main effect of previous baby signs exposure. Children’s accuracy differed with the comprehension task, whether they were tested with Word Only label or the Sign + Word label, and whether they had been previously exposed to baby signs. When children had been previously exposed to baby signs, a 2 (label) x 2 (comprehension task) x 2 (testing order) ANOVA yielded a significant effect of label, F (1, 7) = 9.05, p< .05, (p2  =.56, and a significant label x task interaction, F (1, 7) = 7.12, p < .05, (p2  =.50. Essentially, children who had been previously exposed to baby signs did significantly worse on the Sign + Word label (M = 1.22, SE = .26), than with the Word Only label (M = 1.72, SE = .19) in the generalization task. The same analysis on the accuracy performance on children who had not been exposed to baby signs did not yield statistically significant results. An illustration of these results is found on Figure 4. 

When the same analysis was conducted for the number of prompts children received for the comprehension tasks, no statistically significant results were found. 

When overall production was measured in prompts, a 2 (sign exposure: present vs. not present) x 2 (production task: Immediate v. generalization) x 2 (condition: Sign + Word condition vs. Word Only condition) ANOVA revealed a marginal effect of baby signs exposure, F (1, 12) = 3.75, p= .08, (p2  =.24. Children who had no previous baby signs experience tended to have higher scores (M= 0.60, SD= 0.548) than those who had been exposed to baby signs (M= 0.36, SD= 0.499). The same analysis did not yield any significant results when production was measured in terms of accuracy. 

Effect of Language Abilities on Scores. In order to see whether participants’ comprehension abilities prior to testing (as measured by the McArthur scale) would have an effect on children’s comprehension task scores, children were assigned to a low versus high vocabulary group (i.e., McArthur high v. low). This variable was included as a between-subjects factor in the analyses of variance below. 

When analyzing children’s accuracy on the comprehension task, a 2 (language group: high vs. low) x 2 (condition: Sign + Word vs. Word Only) x 2 (comprehension task: immediate vs. generalized) ANOVA revealed a significant effect of language group, F (1,12) = 6.61, p < .05, (p2  =.36. Interestingly, children who were in the low language group had a higher accuracy level in the comprehension task (M = 1.82, SD = .37) than those who were in the high language group (M = 1.21, SD = .90). When this same analysis was performed for comprehension prompts, language group had no effect on the amount of times children had to be prompted for a response.  
When analyzing overall production accuracy scores, a 2 (production language group: high vs. low) x 2 (production task: immediate vs. generalized) ANOVA yielded a production task x language group interaction F (1,12) = 6.12, p< .05, , (p2  =.34. For the children with low production language abilities, a 2 (label) x 2 (condition) analysis revealed an effect of condition F (1,7) = 5.64, p < .05, , (p2  =.47. Children with low language abilities showed more accuracy in their production during the Word Only condition (M = .63, SE = .16) than during the Sign + Word condition (M = .31, SD = .13). Figure 7 illustrates these findings. When this same analysis was conducting for the children with high language abilities, no statistically significant results were found. Also, these results were not replicated when production was measured in terms of prompting. 

Overall, the connection between previous language ability and children’s performance on the comprehension and production tasks only sometimes approached significance.
Discussion
This study aimed to see whether teaching infants a label in a sign and word combination would facilitate infants’ ability to comprehend and produce a novel label  than when taught a novel label without the accompanying sign. It was also hypothesized that when participants were exposed to a word and sign combination, they would do better at generalizing the taught label to a new, but slightly modified, version of the same toy. In addition, it was hypothesized that participants who had higher verbal abilities would also score higher in the comprehension and production tasks, especially in the Sign + Word condition, and that children who had been previously exposed to baby signs in the household would have higher scores on the Sign + Word condition tasks as well. Lastly, it was hypothesized that even though participants were a few months older than the recommended age for pairing signing with verbal labels, they would still show the advantages baby signing programs claim to give infants. 
The Role of Baby Signing on a Word Learning Task


Overall, does combining a sign and a word facilitate young children’s ability to comprehend and produce a novel word? There was no evidence to support a facilitative effect of a sign on young children’s comprehension of a novel word. In fact, the results show that infants demonstrated poorer performance on the comprehension in the Word + Sign condition if infants participated in this condition first. As Figure 2 illustrates, when children were in the Word Only condition first, they did equally well in the Word Only condition as the Sign + Word condition. Their performance accuracy was above chance. On the other hand, when children participated in the Sign + Word condition first, their comprehension accuracy plummeted, especially during the generalization task. Yet, during the Word Only condition, infants’ demonstrated strong comprehension of the novel word: their performance accuracy was high. This pattern of results suggest that when the Sign + Word condition was first for participants, the sign and word combination confused infants and they did not quite understand the labels or even the purpose of the task. Nonetheless, as they finished the Sign + Word condition and went into the Word Only condition, children caught on to the label and demonstrate strong comprehension. On the other hand, when the Word Only condition was presented first, children understood both the labels and instructions of the game, and had high accuracy scores not only during the Word Only condition, but also during the Sign + Word condition. These findings were corroborated by the fact that prompting was highest during the Sign + Word comprehension task when it came first, and lower for all three other tasks.


Though results from the production task certainly move in the same direction as the comprehension task results, it would not be appropriate to conclude that baby signs had a negative effect on children’s production performance as well. Once again, testing order played a marginally significant part in children’s accuracy scores. According to Figure 3, children’s overall production seemed much higher when they were first placed in the Word Only condition than in the Sign + Word condition. Nonetheless, these results were nowhere as robust as those from the comprehension task and they were not replicated when production was measured in terms of prompting. 


During individual analyses of each condition for the production task, results from each condition also only approached statistical significance. The interaction effect found between testing order and the production task in the Word + Sign condition accuracy scores explains that during the combined signing production task, children did best during the first labeling task and when the Sign + Word task came after the Word only task. Again, it seems as if children needed to first be in the Word Only condition in order to understand what they were supposed to do. This idea was also replicated in the Word Only individual analysis, which also found an effect of testing order. Children who were in Sign + Word condition first did significantly worse in the Word only production task than children who were in the Word Only condition first. Because children seem to consistently do better in the Word Only condition than in the Sign + Word condition, one can attribute these results to the fundamentals of the Word Only condition itself and not because it simply came first (i.e. children do not always do best in only the condition that they are in first). 


It would be interesting to see whether this trend in the production task would have greater statistical significance if a higher number of participants were recruited. As Table 1 shows, eleven participants responded at least one time to all four production tasks, nine responded to at least two of the tasks, four responded to more than three tasks, and only one participant responded to all four. Though this response rate seems typical for such young children, it is possible that a bigger sample might strengthen the results found with this uneven distribution in the future. 


Our results showed that comprehension was more affected than production by the Sign + Word condition being presented first. Though it would be interesting to hypothesize that baby signs has a larger impact on receptive rather than expressive vocabulary, it cannot be assumed that this is the case in our results. Methodological complications, such as a small sample size and a low response rate in the production task, as well as the naturally differing complexity of tasks (i.e., comprehension is less difficult for infants than production) certainly play a confounding factor and may be the central reason as to why production seems to be less affected by baby signs. 

The Generalization Task


In this study, generalization was defined as a child’s ability to be flexible and recognize that a label such as bupa or mima may be the name of more than one toy. As a result, generalization was interpreted in terms of understanding word meaning, rather than mapping. Children were also required to generalize according to shape, since this was the unchanging characteristic on the different versions of the toys.


As a whole, children did not do well with generalization, with scores in this task usually being the lowest in each condition. The repeated effects of comprehension and production tasks on performance found within our analyses disproved the initial hypothesis that children in the Word + Sign condition would do best with generalization. Once again, testing order also played a part. In the comprehension task, children’s generalization scores in the Word + Sign condition were lowest when the Sign + Word condition was presented first. When the Word Only condition was presented first, generalization scores were as high as Word Only generalization scores. Production analyses yielded slightly different results. Generalization scores in the Sign + Word condition were highest (even than the first labeling scores) when this condition was presented first, and lowest when the Word Only condition was presented first. However, it is important to remember that while the results from the comprehension task were marginally significant, the results of the production task were not.  


An alternate explanation for the low generalization scores might be that a child needs more exposure to the target toy and label in order to generalize it, and this procedure, which only exposed the child to the target object once, might have not offered sufficient time and physical opportunities for the child to explore and concretely map the label. Perhaps exposing a child to the target labels in more than once occasion, i.e. for a few days or in different environments, might have led the child to further solidify the label to the target object and accurately generalize the label. Also, another possibility might have been to show the child different versions of the toys during labeling so that the child could understand the labels were common nouns and no proper nouns. Finally, generalization might have been an easier task to achieve if the novel toys were simpler in nature in order to avoid fixating on a small detail of the object. 
Label Preference

It was unexpected to see that only one child attempted to produce the signed label, while the other eleven participants attempted to produce the vocal label. A possible explanation for these results is that children in this age range are simply more focused on learning vocal rather than signed labels, regardless of whether they had experience with baby signing or not. Since the “verbal boom” occurs right around 18 months, participants’ attention might be more focused on the verbal than the signed label. This same theory might explain why children may be getting “confused” with the tasks when the Sign + Word condition is presented first, since children, who are now focusing on speech development, may find signs distracting and, as a result, score lower on comprehension and production tasks. 

Does Previous Experience with Baby signs Affect Performance?



Surprisingly, analyses revealed that children who had been exposed to baby signs did just about the same as children who had not. In the comprehension analyses, the only significant results were a comprehension task x condition x by baby signs exposure interaction. In other words, baby signs was significant only if children were performing the immediate labeling task in the Word Only condition. Interestingly, though baby signs had statistically significant strength in the Sign + Word condition, children who had been exposed to baby signing had lower scores of comprehension in the Sign + Word condition and had to be prompted a higher number of times than those who had not learned baby signing. Again, it seems as if baby signs hindered participants’ performance, yet further research must be done in order to further support this possibility, given the lack of power with the current small sample size. 

It is unknown why baby signs still has a negative effect on children’s comprehension scores. It is possible that even though the signed label was a novel sign, the participants might have confused it with a previously known sign. This could in turn create confusion and lower performance scores. 

Even though previous signing did not affect comprehension scores, a marginal effect of previous signing exposure was found when analyzing production in number of prompts. Children who had previous exposure to baby signs had to be prompted less than those who had no experience with baby signing. Nonetheless these results were not replicated when production was measured in terms of accuracy, which leads us to take these findings with a grain of salt. Again, a larger sample might either add or take away statistical power from these results. 

Does Language Ability Moderate Performance?

As a whole, children’s accuracy on comprehension tasks depended on their previous receptive language repertoire, which was measured with the McArthur-Bates form. However, when looking at the number of prompts, the effect of language groups was no longer statistically significant. An individual analysis of the Word Only condition also an effect of language group, which essentially means that children’s accuracy on the Word Only comprehension task was contingent on their previous receptive language abilities. Though these results were not replicated when comprehension was measured in terms of prompting, these findings are not unexpected, since a child’s measurement of their comprehension abilities should be able to accurately predict a child’s accuracy in a comprehension task. 

The Sign + Word condition yielded interesting results. It had been hypothesized that children with higher language abilities would have higher accuracy in their responses, and this was the case with comprehension tasks. Language groups proved to be a marginally significant factor in children’s comprehension accuracy of the Sign + Word condition, and in prompting, children’s performance was contingent on their language ability and on the comprehension task. However, children with lower McArthur scores scored higher scores on their comprehension accuracy. A possible explanation for this may be that children with lower verbal comprehension scores may be relying on cues other than vocal labels to learn language, and baby signs may actually aid them in understanding words because they use a different modality. 
In terms of production accuracy and prompting, children with higher language abilities did just as well as children with lower language abilities in the Sign + Word Condition sub-analysis. Previous production scores on the McArthur Bates inventory did not show to be significant on the child’s production performance in the Sign + Word task. Therefore, the hypothesis that children with larger vocabularies would do better in production tasks was disproved. 

Though language ability had no effect on production scores in the Sign + Word condition, this factor did hold marginal significance in the Word Only condition and on overall production scores. As a whole, children’s production performance depended on both the pre-existing language abilities and on the production task presented. However, instead of there being a positive linear relationship between language abilities and scores, children with lower production abilities actually scored higher on the production tasks. In the Word Only condition, there was a marginal effect of the language group on children’s performance. Again, these results are expected, since children in the Word Only condition scored very high on their comprehension tasks and were prompted less than when in the Sign + Word condition.

Limitations

This study was not without its limitations. An important fact to remember is that the sample of 14 children was very homogeneous, with only one child belonging to an ethnic minority. In addition, a methodological limitation is the use of prompting as a measurement for success in a task. Prompting will only indicate how many times the child had to be encouraged to respond, but it does not report whether the child actually responded. Though this issue was attempted to be remedied by using both accuracy and prompting as a measure for success, it is a flaw that cannot be overlooked. 
Moreover, parental reports of their child’s language abilities may sometimes be inaccurate, since many may overestimate their child’s vocabulary repertoire or try to compensate for a small vocabulary with a higher score. For this reason, it would have been beneficial to have a more direct measure of the child’s vocabulary, i.e. having a vocabulary test before the signing procedure. 

In addition, only the main investigator coded the recorded sessions with the children, and no reliability was performed with another rater. It is possible that, had another researcher also coded behaviors, that responses may have been recorded differently. 

Conclusions

All in all, results ran contrary to the hypotheses, and it seems that baby signs is not as helpful in a word learning task as previously thought, at least for the age range of infants in the present study. As a result, it seems rash for these programs to advertise that baby signing can help infants in word learning tasks. However, because this study did not focus on whether baby signs can indeed help in terms of communication, the initial claim that founded these commercial programs and classes, it would also be rash for researchers to say that baby signs is overall unsuccessful in facilitating communication among parents. Moreover, since the sample of this study was purposely older than the recommended age for signing, it may still be possible that baby signs remains effective for those under a year of age but not for older children. This study does not directly debunk any of the fundamental claims from the baby signing programs, i.e. that teaching baby signs to infants between 6 and 9 months of age will aid in communication. It simply debunks some of the extrapolations many of these programs use in order to recruit more customers. All that can be truly concluded is that teaching baby signs to infants between 19 and 23 months of age is not effective with one type of communication: speech production.
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Table 1. The Means and Standard Deviations of Infants’ Performance in Each Task.

	
	Responses
	Mean Accuracy
	SD Accuracy
	Mean Prompts
	SD Prompts

	Comprehension
	 
	 
	 
	 
	 

	   Overall
	9
	1.55
	0.72
	3.46
	1.38

	     First Label
	12
	1.64
	0.69
	3.64
	1.38

	     Generalization
	9
	1.46
	0.75
	3.29
	1.38

	   Sign+Word Condition
	 10
	1.39
	0.77
	3.72
	1.46

	     First Label
	13
	1.57
	0.65
	4.07
	1.38

	     Generalization
	10
	1.21
	0.89
	3.36
	1.55

	   Word Only Condition
	 11
	1.71
	0.67
	3.25
	1.29

	     First Label
	12
	1.71
	0.73
	3.21
	1.37

	     Generalization
	13
	1.71
	0.61
	3.29
	1.2

	Production
	 
	 
	 
	 
	 

	   Overall
	11
	0.45
	0.52
	2.72
	1.06

	     First Label
	10
	0.5
	0.52
	2.72
	0.93

	     Generalization
	8
	0.4
	0.51
	2.72
	1.19

	   Sign+Word Condition
	8
	0.43
	0.51
	2.86
	0.99

	     First Label
	7
	0.5
	0.52
	2.93
	1

	     Generalization
	5
	0.36
	0.5
	2.79
	0.98

	   Word Only Condition
	9
	0.46
	0.52
	2.57
	1.13

	     First Label
	7
	0.5
	0.52
	2.5
	0.86

	     Generalization
	6
	0.43
	0.51
	2.64
	1.39


	
	Number
	Mean
	SD
	Range

	Not Exposed to Sign
	5
	
	
	

	Comprehension
	5
	59.6
	38.8
	21 - 105

	Production
	5
	67.0
	47.6
	23-138

	Exposed to Sign
	9
	
	
	

	Comprehension
	9
	55.6
	26.4
	13-86

	Production
	9
	58.6
	46.2
	5-139


Figure Captions

Figure 1. The novel objects created for this study.
Figure 2. Overall comprehension task results by testing order. Since comprehension was tested twice, the highest accuracy score that can be achieved is a 2 in the top graph. The Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task. 
Figure 3.  Overall production task results by testing order. For accuracy, the highest scores is signified by a 1. The Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task. 
Figure 4.  Overall Comprehension task results by previous baby signing exposure. Since comprehension was tested twice, the highest accuracy score that can be achieved is a 2 in the top graph. The Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task. 
Figure 5.  Overall production task results by previous baby signing exposure. For accuracy, the highest scores is signified by a 1. The Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task.
Figure 6.  Overall comprehension task results by McArthur comprehension scores. Since comprehension was tested twice, the highest accuracy score that can be achieved is a 2 in the top graph. the Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task.
Figure 7. Overall production task results by McArthur production scores. For accuracy, the highest scores is signified by a 1. The Y axis of the top graph measures children’s mean accuracy scores in each task, while the Y axis in the bottom graph measures the average number of prompts in each task.
Figure 1
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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