
Reliability of self, parental, and researcher 
measurements of head circumference 

Jillian C Sullivan1,2,* 
Email: jillian.sullivan@cantab.net 

Teresa Tavassoli1 
Email: teresa.tavassoli@mssm.edu 

Kimberly Armstrong1 
Email: kimberly_armstrong@sfu.ca 

Simon Baron-Cohen1 
Email: sb205@cam.ac.uk 

Ayla Humphrey1 
Email: ah290@cam.ac.uk 

1 Department of Psychiatry, Autism Research Centre, University of Cambridge, 
Cambridge, UK 

2 Autism Research Centre, Douglas House, Trumpington Road, Cambridge CB2 
8AL, UK 

* Corresponding author. Autism Research Centre, Douglas House, Trumpington 
Road, Cambridge CB2 8AL, UK 

Abstract 

Background 

The measurement of head circumference (HC) is widely used in clinical and research settings 
as a proxy of neural growth. Although it could aid data collection, no studies have explored 
either the reliability of adult self-measurements or parental measurements of young children. 
This study therefore aimed to examine whether adult self and parental measurement of HC 
constitute reliable data. 

Findings 

A total of 57 adults (32 male) were asked to measure their HC twice following written 
instructions (adult self-measurement). These measures were compared to those of a 
researcher independently measuring the same participant’s HC twice. Additionally, mothers 
of 25 children (17 male) were also asked to measure their child’s HC (parental measure), and 
again this was compared to researcher measurements of the child’s HC. The intraclass 
correlation coefficient between adult self- and researcher measurement was 0.84 and between 
parent and researcher measurement was 0.99. The technical error of measurement was also 
acceptable, within the range of a skilled anthropometrist. 



Conclusions 

The high degree of agreement between researcher and adult self-measurement/parental 
measurement of HC demonstrates that these different assessors produce similarly reliable and 
reproducible data. This suggests adult self- and parental measurements can reliably be used 
for data collection to enable valid large-scale developmental and clinical studies of HC. 
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Background 

Head circumference (HC) is a widely used proxy of neural growth and brain size in paediatric 
and research settings [1]. HC, as the occipital-frontal perimeter of the head, is related to 
individual differences in neuroanatomy [2]. It has numerous correlates in the typical and 
clinical population such as cognitive ability [3] and both risk and outcome for a number of 
neurological and genetic conditions [4]. Abnormal HC growth trajectories have also been 
reported in children and adults in a number of mental health and high risk populations, 
including autism [5], schizophrenia [6], dementia [7], premature birth [8], and 
malnourishment or global privation [9,10]. Findings in the autism population suggest that 
abnormal brain growth may in fact play an important role in the aetiology and progression of 
the disorder [11], although there has recently been some concerns about HC norms and 
robustness of measurement methodology in this population as well as in the comparison of 
brain volume to HC in the general population [12,13]. 

Larger samples and longitudinal data would enable a better understanding of this 
phenomenon. As HC is a relatively quick and cost-effective assessment and can provide 
information on risk for some medical and neurological problems, it would be useful to 
establish if the general population is as accurate as trained professionals in producing these 
measurements. Indeed, HC measurements are often considered difficult even by professionals 
due to individual differences in head shape, hair styles and texture, and subject cooperation as 
well as examiner differences in tape measure placement and tautness. Moreover, the authors 
are unaware of standardized guidelines for measuring HC and different agencies recommend 
different tape measure tools and techniques (e.g., [14]), although there appears to be 
consensus that the tape measure must be pulled snugly and that the maximum distance around 
the head should be recorded. To this end, the current study investigated whether (a) adults 
can reliably measure their own HC (adult self-measure), and (b) whether parents can reliably 
measure their child’s HC (parental measure). No such reliability study has been performed on 
these populations, although Bradley et al. [15] did find that parental measurements of the HC 
of 1- to 6-week-old infants were reliable enough for individual-level analysis according to 
intraclass correlation coefficients (ICC). There is, however, a need for a reliability study of 
parents of children older than 6 weeks of age as well as on adult self-measurements of HC. 
Moreover, with anthropometric measurements, technical error of measurements (TEM), the 
standard deviation of the difference between repeated measurements, should be calculated 
rather than ICC, which does not account for bias in measurements [16]. 



Methods 

Participants 

In total, 57 adults (32 male, 18–48 years old) in the Cambridge area were targeted via an 
opportunistic sampling method. A second opportunistic sample included 25 mothers of 
typically developing children (17 male; 9 months to 7 years) who were asked to measure their 
child’s HC. 

Procedure 

Participants were given a measuring tape and written instructions/diagram explaining the HC 
measurement: the instructions included a photograph of an adult male measuring his own HC, 
and asked the participant to measure their head above the ears and slightly above the 
eyebrows in order to capture the maximum distance around their head, and to pull the tape 
measure tightly. It was also emphasized that HC differences between individuals are small 
and that accuracy and detailed measurements (e.g., using half centimetres if appropriate) 
were essential (see Additional file 1). Participants were asked to record measurements from 
their own head or their child’s head twice without assistance. Researchers gave no verbal 
instructions on HC measurements nor offered advice. Subsequently, a trained researcher, 
blind to participant’s measurements, measured the participant’s head twice, as did a second 
trained researcher in subsample of the adult participants (n = 44). Non-stretchable fiberglass 
tape measures were used in order to conform to the type of tape measure that participants 
would most likely have at home. All participants signed consent forms and these studies 
received ethical approval from the Cambridge Psychology Research Ethics Committee. 

Results 

Two versions of TEM were calculated, as detailed in Perini et al. [17]. Absolute TEM was 

calculated as ��∑���/2	, where ∑d2 is the sum of the difference in measurements squared 
for each participant and n is the number of participants in the sample. Next, relative TEM was 
calculated from the absolute TEM to illustrate the error in HC measurement as a percentage 
of the average HC measurement by dividing the absolute TEM by the grand mean of 
individual measurement averages and multiplying it by 100. Studies have shown that 
acceptable relative TEM percentages for within-rater measurements are below 1.5% for 
beginner anthropometrists and below 1.0% for skilled anthropometrists, while acceptable 
limits for between-rater measurements are 2.0 and 1.5%, respectively [17]. For comparison to 
previous studies, ICCs (two-way, mixed measure, absolute agreement) were also calculated. 

Within-rater reliability was explored as a function of the two HC measurements taken by the 
adult self-measurements, the parental measurements, and each of the two researcher’s HC 
measurements of the adult or child. Between-rater reliability was assessed as the concordance 
between the mean HC measured by (a) the adult-self or parental-child and the primary 
researcher, and (b) researcher 1 and researcher 2 measuring the adult’s HC. 



Within-rater reliability 

Separate absolute and relative TEM was calculated for the differences in the two HC 
measurements for the participant’s adult self- or parental measurements (n = 57 adults, n = 25 
children), researcher A (n = 57 adults, n = 25 children), and researcher B (n = 47 adults). All 
relative TEM were below 1.0 and within the acceptable range for a skilled anthropometrist, 
with the TEM for the mothers measuring their child’s HC being especially low in error. 

Adult self-measurement intra-rater reliability, according to ICC calculations, was high, with 
the participants showing an ICC = 0.94, (95% confidence interval (CI) 0.90–0.96) between 
their two self-measurements. Researchers showed similarly high self-reproducibility, between 
their own two measurements of adults: Researcher A, ICC = 0.98 (95% CI: 0.97–0.99); 
Researcher B, ICC = 0.98 (95% CI: 0.96–0.99). The researchers measuring the children’s 
heads were also very reliable, with an ICC = 0.99 (n = 25; 95% CI: 0.99–1.00) between their 
two measurements. Parental measures of their child’s head were very reliable (ICC = 0.99; n 
= 25; 95% CI: 0.98–0.99). The 95% CI for the researcher ICC and the participant ICC 
overlapped; consequently, reliability estimates could not be statistically differentiated. In 
other words, self-measurements were as reliable as researcher measurements. 

Between-rater reliability 

To calculate between-rater TEM, two analyses were conducted. The first may be considered 
to be an index of self-/parent-measurement validity as the difference between the mean of the 
two self-/parent-measurements were compared with the mean of researcher A’s two 
measurements. Again, the between-rater relative TEM was in the acceptable range for a 
skilled anthropometrist for both adult self- and parental measurements (see Table 1 for all 
TEM results). The ICC between researcher A’s mean measurement and the adult’s mean 
measurement (n = 57) was also acceptable (ICC = 0.84; 95% CI: 0.74–0.90), as was the ICC 
between parental and researcher mean HC (ICC = 0.99; 95% CI: 0.99–1.00; n = 25). 

Table 1 Absolute and relative Technical Error of Measurement (TEM ) for adult self-
measurement, parental measurement, and researcher measurement of head 
circumference 
 Adult self-measurement Parent measurement of child 
 Absolute TEM Relative TEM Absolute TEM Relative TEM 

Within -rater      
Adult self/Parental 0.52 0.91% 0.29 0.57% 

Researcher A 0.26 0.45% 0.16 0.31% 
Researcher B 0.31 0.53% -- -- 

Between-rater      
Self/child vs. Researcher A 0.82 1.43% 0.20 0.39% 

Both researchers 0.45 0.78% -- -- 
Secondly, between-researcher TEM and ICC were also good for the adult sample (n = 47), with the TEM for the 
difference between researcher mean measurements falling within the acceptable limits for a skilled 
anthropometrist and the ICC = 0.93 (95% CI: 0.88–0.96). 

Discussion 

The results of this study show high levels of reliability of HC by adult self-measurements, 
parental measurements, and researcher measurements, as well as a strong concordance 



between self-/parental measurements and researcher measurements. The reliability, error 
probability, and concordance with researcher measurements were adequate for adult self-
measurements and were particularly good for parents measuring their child’s HC. Both were 
within the acceptable limits even for a skilled anthropometrist [17]. 

The degree of intra-rater reliability of each researcher (ICC = 0.98–0.99) is comparable to 
previous studies looking at the reliability of adult self-measurements of other body parts [18] 
and the relative TEM for researcher HC measurements indicated low variability between the 
measurements of each researcher. The two researchers additionally showed high inter-rater 
reliability (ICC = 0.933) and low TEM between the means of their two measurements of the 
same adult participant, similar to findings by Bradley et al. [15]. 

Adult self- and parental measurements of HC showed strong concordance with researcher 
measurements and the TEM was acceptable, suggesting little variability between the 
measurement of HC by the adult/parent and that of the trained researcher. Indeed the 
reliability of adult or parent measurements, according to the ICC 95% CIs, could not be 
statistically differentiated from those of researchers, suggesting that self-/parent 
measurements of HC reflect reliable data for both research and clinical purposes. These 
findings are comparable to those found for self-measurement of other body parts [19] and 
parental measurements of child HC in this study showed similar ICC reliability to those 
found by Bradley et al. in 1- to 6-week-old infants [15]. 

It should be noted that, with regards to limitations, adults and children in this study were 
typically developing, so it is unclear whether these same levels of reliability would be found 
in clinical populations. Furthermore, it is recommended that researchers and professionals 
think carefully about their instructions and training if they intend to collect self-/parental HC 
measurements and to pilot test their approach before employing it in a large scale. 

Conclusions 

To summarize, the results of this study provide strong evidence for confidence in adult self-
measurements and parental measurements of HC, suggesting that trained researchers or 
clinicians may not always be required to obtain reliable HC measurements. This finding is 
applicable in paediatric, neurological, psychiatric, and psychological research, where more 
larger and rigorous studies might be conducted using lay measurements of HC, as well as in 
clinical practice. 

Abbreviations 

HC, Head circumference; ICC, Intraclass correlation coefficient; CI, Confidence interval; 
TEM, Technical Error or Measurement. 

Competing interests 

The authors declare that they have no competing interests. 



Authors’ contributions 

JS, TT, AH, and SBC contributed to study design, JS, TT, and KA collected the data, JS and 
TT conducted statistical analysis, JS drafted the manuscript. All authors read and approved 
the final manuscript. 

Acknowledgements 

This work was submitted in part fulfilment of the degree of PhD by the first author, who was 
supported by the Gates Cambridge Trust. SBC was supported by the MRC, the Wellcome 
Trust, and the Autism Research Trust during the period of this work. This study was 
conducted in association with the NIHR CLAHRC for Cambridgeshire and Peterborough 
NHS Foundation Trust. The authors thank all the participants who took part. No financial 
conflicts of interest or bias are reported. 

References 

1. Constantino JN, Majmudar P, Bottini A, Arvin M, Virkud Y, Simons P, Spitznagel E: 
Infant head growth in male siblings of children with and without autism spectrum 
disorders. J Neurodev Disord 2010, 2(1):39–46. 

2. Lewis JD, Elman JL: Growth-related neural reorganization and the autism phenotype: 
a test of the hypothesis that altered brain growth leads to altered connectivity. Dev Sci 
2008, 11(1):135–155. 

3. Gale CR, O'Callaghan FJ, Godfrey KM, Law CM, Martyn CN: Critical periods of brain 
growth and cognitive function in children. Brain 2004, 127(2):321–329. 

4. Bushby KM, Cole T, Matthews JN, Goodship JA: Centiles for adult head circumference. 
Arch Dis Child 1992, 67(10):1286–1287. 

5. Courchesne E, Pierce K, Schumann CM, Redcay E, Buckwalter JA, Kennedy DP, Morgan 
J: Mapping early brain development in autism. Neuron 2007, 56(2):399–413. 

6. Ward KE, Friedman L, Wise A, Schulz SC: Meta-analysis of brain and cranial size in 
schizophrenia. Schizophr Res 1996, 22(3):197–213. 

7. Kim KR, Lee KS, Kim EA, Cheong HK, Oh BH, Hong CH: The effect of the ApoE 
genotype on the association between head circumference and cognition. Am J Geriatr 
Psychiatr 2008, 16(10):819–825. 

8. Franz AR, Pohlandt F, Bode H, Mihatsch WA, Sander S, Kron M, Steinmacher J: 
Intrauterine, early neonatal, and postdischarge growth and neurodevelopmental 
outcome at 5.4 years in extremely preterm infants after intensive neonatal nutritional 
support. Pediatrics 2009, 123(1):e101–e109. 



9. Palacios J, Román M, Camacho C: Growth and development in internationally adopted 
children: extent and timing of recovery after early adversity. J Neurodev Disord 2010, 
2(1):39–46. 

10. Rutter M, Andersen-Wood L, Beckett C, Bredenkamp D, Castle J, Groothues C, 
Kreppner J, Keaveney L, Lord C, O'Connor TG: Quasi-autistic patterns following severe 
early global privation. English and Romanian Adoptees (ERA) study team. J Child 
Psychol Psychiatry 1999, 40:537–549. 

11. Courchesne E, Campbell K, Solso S: Brain growth across the life span in autism: age-
specific changes in anatomical pathology. Brain Res 2011, 1380:138–145. 

12. Lange N, Froimowitz MP, Bigler ED, Lainhart JE: Associations between IQ, total and 
regional brain volumes, and demography in a large normative sample of healthy 
children and adolescents. Dev Neuropsychol 2010, 35(3):296–317. 

13. Raznahan A, Wallace GL, Antezana L, Greenstein D, Lenroot R, Thurm A, Gozzi M, 
Spence S, Martin A, Swedo SE: Compared to what? Early brain overgrowth in autism 
and the perils of population norms. Biological Psychiatry 2013, 74(8):563–575. 

14. Law J, Jarvis C, Budge H: Use of Growth Charts on the Neonatal Unit. Nottingham 
Neonatal Service- Clinical Guideline. 
https://www.nuh.nhs.uk/handlers/downloads.ashx?id=40365. 

15. Bradley JL, Brown JE, Himes JH: Reliability and validity of parental measurements of 
infant size. Am J Hum Biol 2001, 13(2):275–279. 

16. Mueller WH, Martorell R: Reliability and accuracy of measurement. In 
Anthropometric Standardization Reference Manual. Edited by Lohman TG, Roche AF, 
Martorell R. Champaign, Illinois: Human Kinetics Books; 1991:83–86. 

17. Perini TA, De Oliveira GL, Ornellas JDS, De Oliveira FP: Technical error of 
measurement in anthropometry. Rev Bras Med Esporte 2005, 11(1):81–85. 

18. Kushi LH, Kaye SA, Folsom AR, Soler JT, Prineas RJ: Accuracy and reliability of self-
measurement of body girths. Am J Epidemiol 1988, 128(4):740–748. 

19. Spencer EA, Roddam AW, Key TJ: Accuracy of self-reported waist and hip 
measurements in 4492 EPIC-Oxford participants. Public Health Nutr 2004, 7(6):723–
727. 

Additional file 

Additional_file_1 as DOCX 
Additional file 1  Head circumference instructions. 



Additional files provided with this submission:

Additional file 1: 3275454671045614_add1.docx, 54K
http://www.molecularautism.com/imedia/1307106096117137/supp1.docx

http://www.molecularautism.com/imedia/1307106096117137/supp1.docx


BioMed Central publishes under the Creative Commons Attribution License (CCAL). Under
the CCAL, authors retain copyright to the article but users are allowed to download, reprint,
distribute and /or copy articles in BioMed Central journals, as long as the original work is
properly cited.


