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1. Introduction

Pain is defined primarily as a subjective experience [25]; thus, self-report, when
available, is considered to be the primary source of information on pain intensity [46]. Children
are not always reliable at self-report [40], so it is not surprising that children under the age of 5
years often report their pain intensity in an idiosyncratic way that appears inappropriate for the
context [44, 45].

To elucidate young children’s understanding and use of pain intensity scales, we provide
an overview of literature on the development over the preschool years of a variety of cognitive
skills required for self-report of pain. Table 1 lists many of these age-related abilities, with
reference to relevant studies. As discussed below, these abilities are important for understanding,
estimating, and reporting pain intensity.

Insert Table 1 about here
2. Memory and Knowledge of Pain

Having some knowledge of pain is needed to support accurate reporting of its existence,
intensity, location, and quality. Children’s understanding of pain depends in part on their
previous experience with it. Although infants show anticipatory avoidance of pain, it is not until
around 5 years of age that children are able to accurately describe concrete causes and
perceptions of pain [17,18,28]. Infants have implicit memory of pain (e.g., sensitization,
conditioning); however, the developmental constraints in language skills and the ability to
organize memories in the perspective of oneself limit young children’s ability to recall explicit
memory of early experience [17,22,28,29,30].

When memory and knowledge of pain are available, they serve as resources for young
children to draw upon when reporting pain. For instance, children who have experienced
hospitalization report pain intensity from vaccination needles that is more appropriate to the
situation and that correlates more highly with their parents’ estimates than those without
hospitalization experience [39]. Furthermore, 3- and 4-year-olds report pain intensity similar to
older children after, but not before, surgery, suggesting that the experience of post-operative pain
influences their understanding of pain and hence their ability to self-report pain intensity [45].
These findings suggest that knowledge, memory, language, and experiencing pain are crucial for

children to understand and report pain intensity appropriately.
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g 3. Seriation and executive function skills

s Performance on seriation, such as identifying the mid-sized cup from 3 different-sized

8 cups, has been proposed to be a screener for the ability to use a self-report scale [3,42,45]. The
18 evidence supporting this notion is weak. One study [42] found that children who failed to seriate
g geometric shapes by size were less accurate at rank ordering the faces in the Oucher faces scale
5’1 [4], but no data on the validity of actual pain ratings using that scale in relation to the screener
12 were collected. However, a similar study [34] found no relation between performance on a
g seriation task and accuracy of rank-ordering faces in the Facial Affective Scale in 3- to 5-year-
19 olds Although seriation seems to be a promising screener for assessing children’s ability to
52 report pain intensity, it taxes other executive function skills (e.g., cognitive flexibility, working
gg memory, and inhibition) as discussed below. These cognitive processes develop throughout early
gg childhood [8] and may constrain children’s performance on seriation, thus weakening the
g? association between seriation and use of a pain scale.
28 Cognitive flexibility is a skill of considering multiple options simultaneously or shifting
gg attention between tasks. Children tend not to switch flexibly between rules or standards until 4
g; and 5 years of age [8,16,51]. Although considering multiple points on a pain scale may require
gi some cognitive flexibility, seriating objects may demand more. Comparing and seriating multiple
gg objects require shifting between and incorporating different comparison standards. For instance,
g; the medium cup is big compared to the small cup but small compared to the big cup. Children
39 need to shift between and incorporate these comparisons to correctly seriate three or more
jg objects based on size.
42 . - . . . . .
43 Working memory, the ability to retain and manipulate information during the task, may
jg also play a role in children’s performance on seriation. The number of items an individual can
jg hold in mind increases with development as the child acquires knowledge and learns to use
jg memory strategies [10,20,37]. When 4-year-olds remember the relations between pairs of
50 objects, they are more likely to succeed at seriating 5 objects according to size [6]. This suggests
g; that the ability to hold and use information relevant to the task is important for performing
gi seriation.
gg Furthermore, children need to inhibit irrelevant information and compare objects based
g; on the relevant dimension. They also need to incorporate information from their comparisons and
28 seriate the objects based on their ordinal relations. Four-year-olds use several strategies to seriate
61
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g multiple objects, both within and between individuals. Early emerging strategies include sorting
s objects based on irrelevant features (e.g., colors), stringing together pairs of small and large
8 objects, and identifying endpoints but failing to seriate intermediate objects. More advanced
18 strategies include the method of extremum which involves finding the largest object and the next
g largest and so on, then estimating and comparing neighboring items before adjusting the
5’1 placements [23,38]. Implementing the steps of such advanced strategies requires inhibition of
12 irrelevant information and coordination of executive function skills, however, these skills may
g not be essential for using pain scales.
19 4. Knowledge of Magnitude for Estimating Pain Intensity
52 One component of seriation is the understanding of magnitude and this may be the most
gg relevant skill for using pain intensity scales. Specifically, being able to discriminate and
;g understand the magnitude relations of objects based on a given dimension (e.g., size, brightness)
g? is an important skill for appropriately estimating pain intensity to the extent that these
28 dimensions are used as analogies for pain in scales.
gg To understand the relations between objects based on a given dimension, children need to
g; acquire the labels to categorize magnitudes and learn the relations within a dimension (e.g., big,
gi small, long, short, more, less) [14,32,35]. Children can verbally produce magnitude labels for
gg size and numbers around 2 years of age [5,33], and they can reliably use the terms “more” and
g; “less” around 4 years of age [19,47]. These relational terms are often used in the pediatric setting
39 when asking about pain intensity, and may contribute to children’s ability in appropriately
jfg reporting pain intensity.
jé Children are able to label and compare two objects based on size at around their second
jg birthday; however, they are not as flexible and efficient at doing so with three or more objects
js perhaps due to the developmental limitations in executive function skills mentioned above [33].
jg In fact, 2- and 3-year-olds are able to identify the terminals (biggest/smallest) of a series, but
50 finding the inner positions (next smallest or medium) remains difficult for 4-year-olds [33].
g; Moreover, many 4-year-olds have a bias towards selecting the end points when asked to estimate
gi the position of a number on a number line, whereas 6-year-olds are able to use the entire line for
gg quantity estimation [2]. These results align with the finding that many 3-year-olds often fail to
gg use the intermediate levels of a pain scale when using a 6-point scale [44], but the bias toward
28 the scale endpoints is reduced when a simplified 3-point scale is used [43]. Together, these
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g findings suggest that the difficulty in discriminating and estimating intermediate levels within a
s scale or a dimension may be a general developmental challenge for young children.
8 5. Symbolic Processing and Related Knowledge for Using Pain Scales
9
10 Using a pain scale requires knowing the meaning of symbols such as poker chips or
11 . . .
12 pictures of faces. To use these symbols, children must be able to mentally represent and maintain
5’1 information about both the symbols themselves and their relations to the referent (pain intensity).
12 This ability develops gradually over ages 2 to 6 years and is especially challenging for 2- and 3-
g year-olds because all symbols are simultaneously objects and representations for something else
;g [12,13]. Thus, treating pictures or objects on pain scales as symbols representing pain intensity
21 may not be intuitive for children 2 to 3 years of age.
22 .. . . . . .
23 In addition to representing objects as symbols, young children’s ability to provide an
;g accurate report of pain intensity may also depend on the types of scales. Although children as
g? young as 3 years generally seem to understand the relationship between two-dimensional
28 representations and three-dimensional objects [1], children’s performance on using scales may
29
30 vary. For instance, concrete physical objects may be perceptually distracting and impede
31
32 children’s use of scales [13,26]. Numerical scales such as the Poker Chip Tool [21] require some
gi understanding of number, whereas faces scales require some recognition of the expression of
gg emotion in facial expression as well as linking emotions with pain experience.
g; 5.1. Numerical Scales
39 Numerical scales include the Poker Chip Tool (more recently referred to as Pieces of
40
41 Hurt) [21], verbal numerical rating scales (e.g., [15]), and various concrete ordinal scales [9].
42
43 Using this type of scale requires some knowledge of magnitude relations between numbers.
jg Many children are able to recite the number sequence (i.e., 1, 2, 3,4 ...) as early as 2 years of
js age, without understanding their magnitude. After children learn to place number words in the
jg number sequence, they map these words onto corresponding values that capture their magnitude
50 relations [24]. This understanding of mapping between the first few number words and their
51
52 corresponding values typically begins at around 3 years of age and develops gradually over the
53
54 next 2 years [50]. The acquisition of numerical concepts supports children’s ability in using
gg numerical tools to report pain intensity.
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g 5.2. Faces Scales
s Faces scales include photographic and drawn face pain scales [41]. Using this type of
8 scale requires some knowledge of emotions and facial expressions associated with pain [11,49].
9
10 Although by age 2, many children have some basic understanding of perception, intention, and
11 . . o . . . . .
12 emotions, their ability to recognize emotions continues to develop in early childhood [48].
5’1 Whereas many preschoolers are successful at recognizing happiness and sadness, other more
12 complex emotions, such as surprise and disgust, are more challenging [7]. Furthermore, while
g some 3-year-olds are able to recognize happy, angry, scared, and “just alright” faces, it is not
19 until around 7 years of age that most children are successful in recognizing these facial
20
21 expressions [31]. The subtle differences between the adjacent faces on pain scales may also
22 . . . . . .. .
23 contribute to young children’s difficulty in using these scales to report pain intensity accurately.
24 .
o5 6. Conclusion
g? In summary, using a scale to estimate and report pain intensity is a complex mental
28 process and is often challenging for children under the age of 5 or 6. Knowledge and memory of
29
30 pain are important to accurately describe and quantify pain. Knowledge of magnitude and of
31 ) . _ . . . o
32 symbolic processing are likewise crucial. Depending on the instrument used, other cognitive
33 . . . .
34 variables, such as knowledge of emotions or numbers, may be involved in the process of
gg reporting pain intensity. The participants of the cognitive developmental studies cited here are
g; mostly typically developing children from middle and high socioeconomic status in the USA;
39 caution should be applied when extending the findings to other populations.
40
41 Preschool children may be confused by scales designed for older children; their responses
42 o . . L . ..
43 may be idiosyncratic and hard to interpret. Taking into account young children’s cognitive
44 ele - . . . .
45 abilities in order to simplify a faces scale has been shown to improve young children’s
js appropriate response on self-report scales of pain intensity [43]. Methods to obtain children’s
jg self-reports of pain intensity should work within their cognitive developmental abilities so that
50 accurate reports can be obtained for use in their health care. Such simplifications might entail
51
52 reduction of the number of response alternatives, refinements in scale anchors, and careful
53 . . . . :
54 selection of visual aids that are easily understood by most young children. Table 2 presents
gg suggested guidelines for practice based on the cognitive developmental findings reviewed here.
57
58
59
60
61
62
63
64



Thisisanon-final version of an article published in final formin Chan, J. Y .-C., & Von Baeyer, C. L.

1 (2016). Cognitive developmental influences on the ability of preschool-aged children to self-report 7

2 their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/j.pain.0000000000000476

3

g Acknowledgements

s The authors thank the following for their helpful comments on an earlier version of this article:

8 Ethan Brown, David Champion, Elizabeth Hoff, Tiina Jaaniste, Matthew Jiang, Deborah Lake,
18 Tammy Marche, Michéle Mazzocco, Emily Prager, Maria Sera, and Keisha Varma. The research
12 was funded in part by Operating Grant MOP 67124 from the Canadian Institutes of Health
Research to Carl von Baeyer and Christine Chambers. The contributions of Christine Chambers,

Sasha Forsyth, and Stefan Friedrichsdorf are appreciated.

19 Conflict of interest statement

21 The authors have no conflict of interest related to the content of this article.



1 (2016). Cognitive developmental influences on the ability of preschool-aged children to self-report

Thisisanon-final version of an article published in final formin Chan, J. Y.-C., & Von Baeyer, C. L.

2 their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/}.pain.0000000000000476

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

References
Barr R. Transfer of learning between 2D and 3D sources during infancy: informing theory
and practice. Dev Rev 2010;30:128-54.
Berteletti I, Lucangeli D, Piazza M, Dehaene S, Zorzi M. Numerical estimation in
preschoolers. Dev Psychol 2010;46:545-51.
Besenski LJ, Forsyth SJ, von Baeyer CL. Screening young children for their ability to use
self-report pain scales. Pediatr Pain Lett 2007;9:1-7.
Beyer JE. The Oucher: a user’s manual and technical report. Evanston, IL: Judson Press;
1984.
Brannon EM, Van de Walle GA. The development of ordinal numerical competence in
young children. Cogn Psychol 2001;43:53-81.
Bryant PE, Trabasso T. Transitive inferences and memory in young children. Nature
1971;232:456-58.
Camras LA, Allison K. Children’s understanding of emotional facial expressions and
verbal labels. J Nonverbal Behav 1985;9:84-94.
Carlson SM, Zelazo PD, Faja S. Executive function. In Zelazo PD editor, The Oxford
handbook of developmental psychology, Vol. 1. New York, NY: Oxford University Press;
2013. p. 706-43.
Champion GD, Goodenough B, von Baeyer CL, Thomas W. Measurement of pain by self-
report. In: Finley GA, McGrath PJ, editors. Measurement of pain in infants and children.
Progress in pain research and management, vol.10. Seattle, WA: IASP Press; 1998. p. 123—
60.
Cowan N. The magical number 4 in short-term memory : a reconsideration of mental
storage capacity. Behav Brain Sci 2000;24:87-185.
Craig KD. The facial expression of pain: better than a thousand words? APS J 1992;1:153—
62.
DeLoache JS. Becoming symbol-minded. Trends Cogn Sci. 2004;8:66—70.
DeLoache JS. Dual representation and young children’s use of scale models. Child Dev

2000;71:329-38.



1 (2016). Cognitive developmental influences on the ability of preschool-aged children to self-report

Thisisanon-final version of an article published in final formin Chan, J. Y.-C., & Von Baeyer, C. L.

2 their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/}.pain.0000000000000476

©CoOoO~NO O ~W

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Desoete A, Stock P, Schepens A, Baeyens D, Roeyers H. Classification, seriation, and
counting in grades 1, 2, and 3 as two-year longitudinal predictors for low achieving in
numerical facility and arithmetical achievement? J Psychoeduc Assess 2009;27:252—64.
Frank AJ, Moll JM, Hort JF. A comparison of three ways of measuring pain. Rheumatol
Rehabil 1982;21:211-7.

Frye D, Zelazo PD, Palfai T. Theory of mind and rule-based reasoning. Cogni

Dev 1995;10:483-527.

Gaffney A, Dunne EA. Children’s understanding of the causality of pain. Pain 1987;29:91—
104.

Gaffney A, Dunne EA. Developmental aspects of children’s definitions of pain. Pain
1986;26:105-117.

Gathercole VC. More and more and more about more. J Exp Child Psychol 1985;40:73-
104.

Gilchrist AL, Cowan N, Naveh-Benjamin M. Investigating the childhood development of
working memory using sentences: new evidence for the growth of chunk capacity. J Exp
Child Psychol 2009;104:252—65.

Hester NKO. The preoperational child’s reaction to immunization. Nurs Res 1979;28:250—
5.

Howe ML, Courage ML. The emergence and early development of autobiographical
memory. Psychol Rev 1997;104:499-523.

Inhelder B, Piaget J. The early growth of logic in the child: classification and seriation. E.
A. Lunzer EA, Papert D, translators. London: Routledge & Kegan Paul. 1964 (Original
work published 1959).

Lipton JS, Spelke ES. Preschool children’s mapping of number words to nonsymbolic
numerosities. Child Dev 2005;76:978-88.

Loeser JD, Arendt-Nielsen L, Baron R, Basbaum A, Bond M, Breivik H, Clauw D, Laat
AD, Dworkin R, Giamberardino MA, Goadsby P, Haanpaa M, Okifuji A, Paice J, Woda
IASP Taxonomy. International Association for the Study of Pain, 2012. Available at:
http://www.iasp-pain.org/Taxonomy#Pain. Accessed May 17, 2015.

McNeil N, Jarvin L. When theories don’t add up: disentangling the manipulatives debate.
Theory Pract. 2007;46:309-16.



Thisisanon-final version of an article published in final formin Chan, J. Y.-C., & Von Baeyer, C. L.
1 (2016). Cognitive developmental influences on the ability of preschool-aged children to self-report 10
2 their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/}.pain.0000000000000476

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

McGrath PA. Psychological aspects of pain perception. Arch Oral Biol. 1994;39:555-62S.
McGrath PJ, McAlpine L. Psychologic perspectives on pediatric pain. J Pediatr
1993;122:S2-S8.

Nelson K, Fivush R. The emergence of autobiographical memory: a social cultural
developmental theory. Psychol Rev 2004;111:486-511.

Noel M, Palermo TM, Chambers CT, Taddio A, Hermann C. Remembering the pain of
childhood: applying a developmental perspective to the study of pain memories. Pain
2015;156:31-4.

Pons F, Harris PL, de Rosnay M. Emotion comprehension between 3 and 11 years:
Developmental periods and hierarchical organization. Eur J Dev Psychol 2004;1:127-52.
Purpura DJ, Lonigan CJ. Informal numeracy skills: the structure and relations among
numbering, relations, and arithmetic operations in preschool. Am Educ Res J 2012;50:178—
2009.

Sera M, Smith L. Big and Little: “Nominal” and relative uses. Cogn Dev 1987;2:89-111.
Shih AR, von Baeyer CL. Preschool children’s seriation of pain faces and happy faces in
the Afective Facial Scale. Psychol Rep 1994;74:659-65.

Siegel LS. The sequence of development of certain number concepts in preschool children.
Dev Psychol 1971;5:357-61.

Siegler RS, Ramani GB. Playing linear number board games—but not circular ones—
improves low-income preschoolers’ numerical understanding. J Educ Psychol
2009;101:545-60.

Simmering VR. The development of visual working memory capacity during early
childhood. J Exp Child Psychol. 2012;111(4):695-707.

Southard M, Pasnak R. Effects of maturation on preoperational seriation. Child Study J
1997;27:255-68.

St-Laurent-Gagnon T, Bernard-Bonnin AC, Villeneuve E. Pain evaluation in preschool
children and by their parents. Acta Paediatr 1999;88:422-7.

Stone WL, Lemanek KL. Developmental issues in children's self-reports. In: La Greca AM,
editor. Through the eyes of the child: obtaining self-reports from children and adolescents,
vol. 18. Needham Heights, MA: Allyn & Bacon; 1990. p. 16-56.



Thisisanon-final version of an article published in final formin Chan, J. Y.-C., & Von Baeyer, C. L.
1 (2016). Cognitive developmental influences on the ability of preschool-aged children to self-report 11
2 their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/}.pain.0000000000000476

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

Tomlinson D, von Baeyer CL, Stinson JN, Sung L. A systematic review of faces scales for
the self-report of pain intensity in children. Pediatrics, 2010;126:e1168-98.

Villarruel AM, Denyes MJ. Pain assessment in children: theoretical and empirical validity.
Adv Nurs Sci 1991;14:32-41.

von Baeyer CL, Chambers CT, Forsyth SJ, Eisen S, Parker JA. Developmental data
supporting simplification of self-report pain scales for preschool-age children. J Pain
2013;14:1116-21.

von Baeyer CL, Forsyth SJ, Stanford EA, Watson M, Chambers CT. Response biases in
preschool children’s ratings of pain in hypothetical situations. J Pain. 2009;13:209-13.
von Baeyer CL, Uman LS, Chambers CT, Gouthro A. Can we screen young children for
their ability to provide accurate self-reports of pain? Pain 2011;152:1327-33.

von Baeyer CL. Self-report: the primary source in assessment after infancy. In McGrath PJ,
Stevens B, Walker S, Zempsky W, editors. Oxford textbook of paediatric pain. Canada:
Oxford University Press; 2013. p. 370-8.

Weiner SL. On the development of more and less. J Exp Child Psychol 1974;17:271-87.
Wellman HM, Cross D, Watson J. Meta-analysis of theory-of-mind development: the truth
about false belief. Child Dev 2001;72:655-84.

Williams A. Facial expression of pain: an evolutionary account. Behav Brain Sci
2002;25:439-55; discussion 455-88.

Wynn K. Children’s understanding of counting. Cognition. 1990;36:155-93.

Zelazo PD, Carlson SM. Hot and cool executive function in childhood and adolescence:
Development and plasticity. Child Dev Perspect 2012;6:354-360.



Table

Thisisanon-final version of an article published in final formin Chan, J. Y.-C., & Von Baeyer, C. L.
(2016). Cognitive developmental influences on the ability of preschool-aged children to self-report
their pain intensity. Pain, 157(5), 997-1001. https://doi.org/10.1097/j.pain.0000000000000476

Table 1. Task analysis of the minimum skills required for use of self-report tools. Adapted from
Besenski et al [3], with permission.

Domain  Skill Example References

Memory and knowledge of pain

Perceive, identify, localize  Pain present or absent [17,18]
pain
Imagine or remember Recall memories of painful [17,30]

experiences of past events  experiences

Receptive language and comprehension

Understand the words used  Look, point to, give, tell [39.,40]
by the adult who is giving
the instructions

Symbolic processing

Recognize a symbol as Poker chips as pieces of pain [12,13]
representing something else

Magnitude estimation and relations
Acquire relational terms Understand big, little, more, less [19,33,47]
Numeration Count out 1 to 4 poker chips [50]

Compare objects in a given  Estimate and compare levels of pain [2,5,33,36]
dimension in relational terms

Emotion recognition

Recognize the connections  Match a feeling or emotion to a [7,9]
between emotions and picture of a face in a face pain scale
facial expressions

Executive function skills

Attend to the instructions Look at the pain scale while listening  [8,16,51]
and the tasks to instructions

Working memory Remember the instructions while [6,20]
using the pain scale
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Table 2. Suggested guidelines to obtain self-report of pain intensity from preschool-aged

children, based on cognitive developmental findings.

Instructions
Use the term “more” instead of “less”™
Use visual cues in addition to verbal cues
Use age-appropriate terms to describe “pain” or “hurt”

Be aware of the working memory demand on the child

Knowledge of Magnitude
Make endpoints and intermediate levels clear to the child

The maximum number of response options should probably be 3

Knowledge of scales
Use age-appropriate, familiar symbols to depict pain

Establish the connections between symbols and referents

Memory and Knowledge of Pain

Be aware of children’s past experience and knowledge of pain: incorporate

this information in pain assessment




