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Abstract

The process by which emotion concepts are learned is largely unexplored. 
Hoemann, Devlin, and Barrett (2020) and Shablack, Stein, and Lindquist 
(2020) argue that emotion concepts are learned through emotion labels 
(e.g., “happy”), which cohere variable aspects of emotions into abstract, 
conceptual categories. While such labeling-dependent learning mechanisms 
(supervised learning) are plausible, we argue that labeling-independent 
learning mechanisms (unsupervised learning) are also involved. Specifically, 

we argue that infants are uniquely situated to learn emotion concepts given 
their exceptional learning abilities. We provide evidence that children learn 
from complex, irregular input in other domains (e.g., symbolic numbers) 
without supervised instruction. Thus, while labels undoubtedly influence 
emotion concept learning, we must also look beyond language to create a 
comprehensive theory of emotion concept development.
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We agree with Hoemann et al. (2020) and Shablack et al. (2020) 
that emotion concepts are learned, rather than innately specified. 
However, the process by which emotion concepts are learned is 
largely unexplored. Both commentaries argue that emotion con-
cepts are learned through emotion labels (e.g., “happy”), which 
cohere variable aspects of emotions into abstract, conceptual cate-
gories. While such labeling-dependent learning mechanisms 
(supervised learning) are plausible, we argue that labeling-inde-
pendent learning mechanisms (unsupervised learning) are also 
involved. Examining both types of learning mechanisms is needed 
for a comprehensive theory of emotion concept development.

Both commentaries contend that individual instances of an 
emotion category (e.g., “anger”) lack statistical regularity in their 
physiological and perceptual features (see also L. F. Barrett, 
Adolphs, Marsella, Martinez, & Pollak, 2019). Since these features 
provide little information about category membership, infants 
ostensibly learn emotion concepts through the emotion labels in 
their environments (Hoemann, Wu, et al., 2020—supervised learn-
ing. Labels (e.g., “Aw, you fell down! Don’t cry! Are you sad?”) are 
thought to “tag” various eliciting events (e.g., falling down), 
expressive behaviors (e.g., crying), and goal-based functions (e.g., 
to receive comfort) as members of a category (e.g., “sadness”). As 
Shablack et al. (2020) highlight, labels might serve this function in 
both implicit statistical learning and explicit learning/teaching. 
Further, not every occurrence of an emotion need be labeled, as 
infants can form categories with intermittently labeled exemplars 
(i.e., semisupervised learning; LaTourrette & Waxman, 2019).

While supervised learning of emotion concepts is plausible, 
this hypothesis rests on two yet untested assumptions. First, it 
assumes that infants’ emotional environments lack sufficient sta-
tistical structure for emotion concepts to be learned without emo-
tion labels. However, infants may be uniquely situated to learn 
emotion concepts. Specifically, caregivers may (a) exaggerate 
emotions, comparable to infant-directed speech (“motherese”; 
Gleitman, Newport, & Gleitman, 1984; Trainor, Austin, & 
Desjardins, 2000) and actions (“motionese”; Brand, Baldwin, & 
Ashburn, 2002; Brand & Shallcross, 2008), or (b) display a lim-
ited set of mostly positive emotions (Malatesta et al., 1989; 
Malatesta & Haviland, 1982). Together, this style of emotional 
communication (“emotionese”) may facilitate learning 
(Casasola, 2005; Koterba & Iverson, 2009; Thiessen, Hill, & 
Saffran, 2005). Further, as exceptional category learners (Madole 
& Oakes, 1999; Mareschal & Quinn, 2001), infants might be 
particularly sensitive to the (limited) regularities in emotion cat-
egories, including facial features (Duran, Reisenzein, & 
Fernández-Dols, 2017) and regulatory functions (K. C. Barrett, 
2020). Infant learning is also constrained by innate or acquired 
expectations/biases (e.g., limited working memory, perceptual 
narrowing) that guide infants to learn meaningful knowledge in 
the face of highly variable input (Oakes & Rakison, 2019).

Second, the supervised learning hypothesis assumes that car-
egivers’ emotion labels neatly scaffold infants’ emotional envi-
ronments into categories (L. F. Barrett, 2017; Hoemann, Xu, & 
Barrett, 2019). However, caregivers’ naturalistic emotion talk is 
likely infrequent (Dunn, Bretherton, & Munn, 1987; Malatesta & 
Haviland, 1982). Infants neither reliably produce nor understand 

“basic” emotion labels (e.g., “happy”) prior to 24 months of age 
(Ridgeway, Waters, & Kuczaj, 1985; Ruba, Meltzoff, & 
Repacholi, 2019, 2020a, 2020b). This delayed acquisition (rela-
tive to object and verb labels; Fenson et al., 1994) likely reflects 
caregivers’ relatively limited use of emotion labels (Ruba, Kalia, 
& Wilbourn (under review). Why is she happy? Maternal discrete 
emotion talk and infant emotion vocabulary development), or the 
difficulty inherent in learning such abstract terms (Ruba, Harris, 
& Wilbourn (under review). Examining infants’ ability to map 
labels to facial configurations; Shablack, Becker, & Lindquist, 
2019). Therefore, it is unclear whether caregivers use emotion 
labels with sufficient regularity to support supervised  (or semi-
supervised) emotion learning.

Together, this evidence suggests that unsupervised learning 
also influences emotion concept development (see also Plate, 
Wood, Woodard, & Pollak, 2019). In both supervised and unsu-
pervised learning, infants observe relations between expressive 
behaviors, eliciting events, and goal-based functions. However, 
in unsupervised learning, these instances need not be “tagged” 
with a label. In this way, emotion concepts are founded on the 
statistical regularities in infants’ emotional environments 
(Ruba & Repacholi, 2019), rather than on emotion labels 
(Hoemann et al., 2019; Lindquist & Gendron, 2013).

Both commentaries (Hoemann et al., 2020; Shablack et al., 
2020) argue that unsupervised learning of emotion concepts is 
perhaps impossible given the complexity and irregularity of 
emotions. However, such unsupervised learning feats exist in 
other developmental domains. For example, despite the incred-
ibly complex linguistic environment (Frost, Armstrong, & 
Christiansen, 2019; Saffran & Kirkham, 2018), infants are sen-
sitive to and learn from regularities in linguistic input (Marcus, 
Vijayan, Bandi Rao, & Vishton, 1999; Maye, Werker, & Gerken, 
2002; Saffran, Aslin, & Newport, 1996). By their second birth-
day, infants have acquired hundreds of words in their native lan-
guage from mere exposure (Aslin, 2017; Kuhl, 2004). Further, 
there are many irregularities in the symbolic number system, 
and infants seldom see or hear three-digit number words (e.g., 
“518”; Fuson & Kwon, 1992; Levine, Suriyakham, Rowe, 
Huttenlocher, & Gunderson, 2010). Nevertheless, by observing 
the multiple predictive patterns in the surface structure of num-
bers (Yuan, Xiang, Crandall, & Smith, 2020), preschoolers learn 
to map spoken multidigit number words to their written forms 
(Mix, Prather, Smith, & Stockton, 2014; Yuan, Prather, Mix, & 
Smith, 2019). In sum, children learn from complex, irregular 
input (i.e., language, symbolic numbers) without supervised 
instruction, in order to make predictions about their environ-
ment (Saffran, 2020). Emotion concepts are possibly learned in 
a similar fashion, allowing infants to make predictions and 
inferences about their emotional environments beyond simple 
affective dimensions (i.e., valence, arousal).

We commend Hoemann et al. (2020) and Shablack et al. 
(2020) for outlining clear hypotheses for the supervised learning 
of emotion concepts. Such a perspective has been missing from 
the emotional development literature. Still, these hypotheses are 
largely driven by inferences from adult-centric research, and 
thus neglect the unique complexities of infant development (see 
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also K. C. Barrett, 2020; Buss, Cole, & Zhou, 2019; D’Arms & 
Samuels, 2019). Children are exceptional learners (Gopnik, 
Griffiths, & Lucas, 2015; Gopnik et al., 2017; Plebanek & 
Sloutsky, 2017), and while labels undoubtedly influence emotion 
concept learning (Ruba et al., 2020a; Ruba & Repacholi, 2020), 
we must also look beyond language to create a comprehensive 
theory of emotion concept development.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.

ORCID iD
Ashley L. Ruba  https://orcid.org/0000-0001-6213-6868

References
Aslin, R. N. (2017). Statistical learning: A powerful mechanism that oper-

ates by mere exposure. Wiley Interdisciplinary Reviews: Cognitive Sci-
ence, 8(1–2), 1–7. https://doi.org/10.1002/wcs.1373

Barrett, K. C. (2020). Emotional development is complicated. Developmen-
tal Psychology, 56(4), 833–836. https://doi.org/10.1037/dev0000882

Barrett, L. F. (2017). How emotions are made: The secret life of the brain. 
Boston, MA: Houghton Mifflin Harcourt.

Barrett, L. F., Adolphs, R., Marsella, S., Martinez, A. M., & Pollak, S. D. 
(2019). Emotional expressions reconsidered: Challenges to inferring 
emotion from human facial movements. Psychological Science in the 
Public Interest, 20(1), 1–68. https://doi.org/10.1177/1529100619832930

Brand, R. J., Baldwin, D. A., & Ashburn, L. A. (2002). Evidence for 
“motionese”: Modifications in mothers’ infant-directed action. Develop-
mental Science, 5(1), 72–83. https://doi.org/10.1111/1467-7687.00211

Brand, R. J., & Shallcross, W. L. (2008). Infants prefer motionese to adult-
directed action. Developmental Science, 11(6), 853–861. https://doi.
org/10.1111/j.1467-7687.2008.00734.x

Buss, K. A., Cole, P. M., & Zhou, A. M. (2019). Theories of emotional 
development: Where have we been and where are we now? In V. LoBue, 
K. E. Pérez-Edgar & K. A. Buss (Eds.), Handbook of emotional develop-
ment (pp. 7–26). Cham, Switzerland: Springer Nature.

Casasola, M. (2005). When less is more: How infants learn to form an 
abstract categorical representation of support. Child Development, 
76(1), 279–290. https://doi.org/10.1111/j.1467-8624.2005.00844.x

D’Arms, J., & Samuels, R. (2019). Could emotion development really 
be the acquisition of emotion concepts? Developmental Psychology, 
55(9), 2015–2019. https://doi.org/10.1037/dev0000767

Dunn, J., Bretherton, I., & Munn, P. (1987). Conversations about feeling 
states between mothers and their young children. Developmental Psy-
chology, 23(1), 132–139. https://doi.org/10.1037/0012-1649.23.1.132

Duran, J. I., Reisenzein, R., & Fernández-Dols, J.-M. (2017). Coherence 
between emotions and facial expressions: A research synthesis. In J.-M. 
Fernández-Dols & J. A. Russell (Eds.), The science of facial expression 
(pp. 107–129). New York, NY: Oxford University Press.

Fenson, L., Dale, P. S., Reznick, J. S., Bates, E., Thal, D. J., Pethick, S. J., 
. . .Stiles, J. (1994). Variability in early communicative development. 
Monographs of the Society for Research in Child Development, 59(5), 
v–173. https://doi.org/10.2307/1166093

Frost, R., Armstrong, B. C., & Christiansen, M. H. (2019). Statistical learn-
ing research: A critical review and possible new directions. Psychologi-
cal Bulletin, 145(12), 1128–1153. https://doi.org/10.1037/bul0000210

Fuson, K. C., & Kwon, Y. (1992). Korean children’s understanding of 
multidigit addition and subtraction. Child Development, 63(2), 491–
506. https://doi.org/10.1111/j.1467-8624.1992.tb01642.x

Gleitman, L. R., Newport, E. L., & Gleitman, H. (1984). The current status 
of the motherese hypothesis. Journal of Child Language, 11(1), 43–79. 
https://doi.org/10.1017/S0305000900005584

Gopnik, A., Griffiths, T. L., & Lucas, C. G. (2015). When younger learn-
ers can be better (or at least more open-minded) than older ones. Cur-
rent Directions in Psychological Science, 24(2), 87–92. https://doi.
org/10.1177/0963721414556653

Gopnik, A., O’Grady, S., Lucas, C. G., Griffiths, T. L., Wente, A., Bridgers, 
S., . . .Dahl, R. E. (2017). Changes in cognitive flexibility and hypoth-
esis search across human life history from childhood to adolescence 
to adulthood. Proceedings of the National Academy of Sciences of the 
United States of America, 114(30), 7892–7899. https://doi.org/10.1073/
pnas.1700811114

Hoemann, K., Devlin, M., & Barrett, L. F. (2020). Comment: Emotions 
are abstract, conceptual categories that are learned by a predict-
ing brain. Emotion Review, 12, 253–255. https://doi.org/10.1177/ 
1754073919897296

Hoemann, K., Wu, R., LoBue, V., Oakes, L. M., Xu, F., & Barrett, L. F. 
(2020). Developing an understanding of emotion categories: Lessons 
from objects. Trends in Cognitive Sciences, 24(1), 39–51. https://doi.
org/10.1016/j.tics.2019.10.010

Hoemann, K., Xu, F., & Barrett, L. F. (2019). Emotion words, emotion 
concepts, and emotional development in children: A constructionist 
hypothesis. Developmental Psychology, 55(9), 1830–1849. https://doi.
org/http://dx.doi.org/10.1037/dev0000686

Koterba, E. A., & Iverson, J. M. (2009). Investigating motionese: The 
effect of infant-directed action on infants’ attention and object explo-
ration. Infant Behavior and Development, 32(4), 437–444. https://doi.
org/10.1016/j.infbeh.2009.07.003

Kuhl, P. K. (2004). Early language acquisition: Cracking the speech code. Nature 
Reviews Neuroscience, 5(11), 831–843. https://doi.org/10.1038/nrn1533

LaTourrette, A., & Waxman, S. R. (2019). A little labeling goes a long way: 
Semi-supervised learning in infancy. Developmental Science, 22(1). 
https://doi.org/10.1111/desc.12736

Levine, S. C., Suriyakham, L. W., Rowe, M. L., Huttenlocher, J., & Gunder-
son, E. A. (2010). What counts in the development of young children’s 
number knowledge? Developmental Psychology, 46(5), 1309–1319. 
https://doi.org/10.1037/a0019671

Lindquist, K. A., & Gendron, M. (2013). What’s in a word? Language 
constructs emotion perception. Emotion Review, 5, 66–71. https://doi.
org/10.1177/1754073912451351

Madole, K. L., & Oakes, L. M. (1999). Making sense of infant categori-
zation: Stable processes and changing representations. Developmental 
Review, 19(2), 263–296. https://doi.org/10.1006/drev.1998.0481

Malatesta, C. Z., Culver, C., Tesman, J. R., Shepard, B., Fogel, A., 
Reimers, M., & Zivin, G. (1989). The development of emotion 
expression during the first two years of life. Monographs of the Soci-
ety for Research in Child Development, 54(1–2), 1–104. https://doi.
org/10.2307/1166153

Malatesta, C. Z., & Haviland, J. M. (1982). Learning display rules: The 
socialization of emotion expression in infancy. Child Development, 
53(4), 991–1003. https://doi.org/10.1111/j.1467-8624.1982.tb01363.x

Marcus, G. F., Vijayan, S., Bandi Rao, S., & Vishton, P. M. (1999). Rule 
learning by seven-month-old infants. Science, 283(5398), 77–80. 
https://doi.org/10.1126/science.283.5398.77

Mareschal, D., & Quinn, P. C. (2001). Categorization in infancy. Trends 
in Cognitive Sciences, 5(10), 443–450. https://doi.org/10.1016/S1364-
6613(00)01752-6

Maye, J., Werker, J. F., & Gerken, L. A. (2002). Infant sensitivity to dis-
tributional information can affect phonetic discrimination. Cognition, 
82(3), 101–111. https://doi.org/10.1016/S0010-0277(01)00157-3

Mix, K. S., Prather, R. W., Smith, L. B., & Stockton, J. D. (2014). Young 
children’s interpretation of multidigit number names: From emerging 
competence to mastery. Child Development, 85(3), 1306–1319. https://
doi.org/10.1111/cdev.12197

https://orcid.org/0000-0001-6213-6868
https://doi.org/10.1002/wcs.1373
https://doi.org/10.1037/dev0000882
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1111/1467-7687.00211
https://doi.org/10.1111/j.1467-7687.2008.00734.x
https://doi.org/10.1111/j.1467-7687.2008.00734.x
https://doi.org/10.1111/j.1467-8624.2005.00844.x
https://doi.org/10.1037/dev0000767
https://doi.org/10.1037/0012-1649.23.1.132
https://doi.org/10.2307/1166093
https://doi.org/10.1037/bul0000210
https://doi.org/10.1111/j.1467-8624.1992.tb01642.x
https://doi.org/10.1017/S0305000900005584
https://doi.org/10.1177/0963721414556653
https://doi.org/10.1177/0963721414556653
https://doi.org/10.1073/pnas.1700811114
https://doi.org/10.1073/pnas.1700811114
https://doi.org/10.1177/1754073919897296
https://doi.org/10.1177/1754073919897296
https://doi.org/10.1016/j.tics.2019.10.010
https://doi.org/10.1016/j.tics.2019.10.010
https://doi.org/http://dx.doi.org/10.1037/dev0000686
https://doi.org/http://dx.doi.org/10.1037/dev0000686
https://doi.org/10.1016/j.infbeh.2009.07.003
https://doi.org/10.1016/j.infbeh.2009.07.003
https://doi.org/10.1038/nrn1533
https://doi.org/10.1111/desc.12736
https://doi.org/10.1037/a0019671
https://doi.org/10.1177/1754073912451351
https://doi.org/10.1177/1754073912451351
https://doi.org/10.1006/drev.1998.0481
https://doi.org/10.2307/1166153
https://doi.org/10.2307/1166153
https://doi.org/10.1111/j.1467-8624.1982.tb01363.x
https://doi.org/10.1126/science.283.5398.77
https://doi.org/10.1016/S1364-6613(00)01752-6
https://doi.org/10.1016/S1364-6613(00)01752-6
https://doi.org/10.1016/S0010-0277(01)00157-3
https://doi.org/10.1111/cdev.12197
https://doi.org/10.1111/cdev.12197


258 Emotion Review Vol. 12 No. 4

Oakes, L. M., & Rakison, D. H. (2019). Developmental cascades: Building 
the infant mind. New York, NY: Oxford University Press.

Plate, R. C., Wood, A., Woodard, K., & Pollak, S. D. (2019). Probabilistic 
learning of emotion categories. Journal of Experimental Psychology: 
General, 148(10), 1814–1827. https://doi.org/10.1037/xge0000529

Plebanek, D. J., & Sloutsky, V. M. (2017). Costs of selective attention: 
When children notice what adults miss. Psychological Science, 28(6), 
723–732. https://doi.org/10.1177/0956797617693005

Ridgeway, D., Waters, E., & Kuczaj, S. A. (1985). Acquisition of emotion-
descriptive language: Receptive and productive vocabulary norms for 
ages 18 months to 6 years. Developmental Psychology, 21(5), 901–908. 
https://doi.org/10.1037/0012-1649.21.5.901

Ruba, A. L., Meltzoff, A. N., & Repacholi, B. M. (2019). How do you feel? 
Preverbal infants match negative emotions to events. Developmental 
Psychology, 55(6), 1138–1149. https://doi.org/10.1037/dev0000711

Ruba, A. L., Meltzoff, A. N., & Repacholi, B. M. (2020a). Superordinate 
categorization of negative facial expressions in infancy: The influ-
ence of labels. Developmental Psychology, 56(4), 671–685. https://doi.
org/10.1037/dev0000892

Ruba, A. L., Meltzoff, A. N., & Repacholi, B. M. (2020b). The develop-
ment of negative event–emotion matching in infancy: Implications for 
theories in affective science. Affective Science, 1, 4–19. https://doi.
org/10.1007/s42761-020-00005-x

Ruba, A. L., & Repacholi, B. M. (2020). Do preverbal infants understand 
discrete facial expressions of emotion? Emotion Review, 12, 235–250. 
https://doi.org/10.1177/1754073919871098

Saffran, J. R. (2020). Statistical language learning in infancy. Child Devel-
opment Perspectives, 14(1), 49–54. https://doi.org/10.1111/cdep.12355

Saffran, J. R., Aslin, R. N., & Newport, E. L. (1996). Statistical learning 
by 8-month-old infants. Science, 274(5294), 1926–1928. https://doi.
org/10.1126/science.274.5294.1926

Saffran, J. R., & Kirkham, N. Z. (2018). Infant statistical learning. Annual 
Review of Psychology, 69(1), 181–203. https://doi.org/10.1146/
annurev-psych-122216-011805

Shablack, H., Becker, M., & Lindquist, K. A. (2019). How do chil-
dren learn novel emotion words? A study of emotion concept 
acquisition in preschoolers. Journal of Experimental Psychology: 
General. Advance online publication. https://doi.org/10.1037/
xge0000727

Shablack, H., Stein, A. G., & Lindquist, K. A. (2020). Comment: A role of 
language in infant emotion concept acquisition. Emotion Review, 12, 
251–253. https://doi.org/10.1177/1754073919897297

Thiessen, E. D., Hill, E. A., & Saffran, J. R. (2005). Infant-directed speech 
facilitates word segmentation. Infancy, 7(1), 53–71. https://doi.
org/10.1207/s15327078in0701_5

Trainor, L. J., Austin, C. M., & Desjardins, R. N. (2000). Is infant-
directed speech prosody a result of the vocal expression of 
emotion? Psychological Science, 11(3), 188–195. https://doi.
org/10.1111/1467-9280.00240

Yuan, L., Prather, R. W., Mix, K. S., & Smith, L. B. (2019). Preschoolers 
and multi-digit numbers: A path to mathematics through the symbols 
themselves. Cognition, 189, 89–104. https://doi.org/10.1016/j.cogni-
tion.2019.03.013

Yuan, L., Xiang, V., Crandall, D., & Smith, L. B. (2020). Learning the gen-
erative principles of a symbol system from limited examples. Cogni-
tion, 200. https://doi.org/10.1016/j.cognition.2020.104243

https://doi.org/10.1037/xge0000529
https://doi.org/10.1177/0956797617693005
https://doi.org/10.1037/0012-1649.21.5.901
https://doi.org/10.1037/dev0000711
https://doi.org/10.1037/dev0000892
https://doi.org/10.1037/dev0000892
https://doi.org/10.1007/s42761-020-00005-x
https://doi.org/10.1007/s42761-020-00005-x
https://doi.org/10.1177/1754073919871098
https://doi.org/10.1111/cdep.12355
https://doi.org/10.1126/science.274.5294.1926
https://doi.org/10.1126/science.274.5294.1926
https://doi.org/10.1146/annurev-psych-122216-011805
https://doi.org/10.1146/annurev-psych-122216-011805
https://doi.org/10.1037/xge0000727
https://doi.org/10.1037/xge0000727
https://doi.org/10.1177/1754073919897297
https://doi.org/10.1207/s15327078in0701_5
https://doi.org/10.1207/s15327078in0701_5
https://doi.org/10.1111/1467-9280.00240
https://doi.org/10.1111/1467-9280.00240
https://doi.org/10.1016/j.cognition.2019.03.013
https://doi.org/10.1016/j.cognition.2019.03.013
https://doi.org/10.1016/j.cognition.2020.104243

