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Abstract 24 

Parenting behaviors are commonly targeted in early interventions to improve children’s 25 

language development. Accurate measurement of both parenting behaviors and children’s 26 

language outcomes is thus crucial for sensitive assessment of intervention outcomes. To date, 27 

only a small number of studies have compared parent-reported and directly measured 28 

behaviors, and these have been hampered by small sample sizes and inaccurate statistical 29 

techniques, such as correlations. The Bland-Altman Method and Reduced Major Axis 30 

regression represent more reliable alternatives because they allow us to quantify fixed and 31 

proportional bias between measures. In this study, we draw on data from two Australian early 32 

childhood cohorts (N= 201 parents and slow-to-talk toddlers aged 24 months; and N=218 33 

parents and children aged 6-36 months experiencing social adversity) to (1) examine 34 

agreement and quantify bias between parent-reported and direct measures, and (2) to 35 

determine socio-demographic predictors of the differences between parent-reported and 36 

direct measures. Measures of child language and parenting behaviors were collected from 37 

parents and their children. Our findings support the utility of the Bland-Altman Method and 38 

Reduced Major Axis regression in comparing measurement methods. Results indicated 39 

stronger agreement between parent-reported and directly measured child language, and 40 

poorer agreement between measures of parenting behaviors. Child age was associated with 41 

difference scores for child language; however the direction varied for each cohort. Parents 42 

who rated their child’s temperament as more difficult tended to report lower language scores 43 

on the parent questionnaire, compared to the directly measured scores. Older parents tended 44 

to report lower parenting responsiveness on the parent questionnaire, compared to directly 45 

measured scores. Finally, speaking a language other than English was associated with less 46 

responsive parenting behaviors on the videotaped observation. Variation in patterns of 47 

agreement across the distribution of scores highlighted the importance of assessing agreement 48 
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comprehensively, providing strong evidence that simple correlations are grossly insufficient 49 

for method comparisons. We discuss implications for researchers and clinicians, including 50 

guidance for measurement selection, and the potential to reduce financial and time-related 51 

expenses and improve data quality. Further research is required to determine whether 52 

findings described here are reflected in more representative populations. 53 

 54 

1 Introduction 55 

The success of early intervention programs relies on accurate and sensitive measurement of 56 

intervention processes and outcomes. It is surprising then, that research comparing agreement 57 

between different types of measurement methods has been extremely limited. There has been 58 

increasing attention over the past decade on early intervention programs targeting parenting 59 

behaviors in order to improve children’s language outcomes. Language delay affects around 60 

one in five children at age four (e.g. Reilly et al., 2010) and persistent difficulties can impact 61 

upon future academic success, employment prospects and socio-emotional functioning 62 

(Campbell & Ramey, 1994; Stothard, Snowling, Bishop, Chipchase, & Kaplan, 1998). 63 

Parenting characterized by warm, positive and responsive interactions can facilitate language 64 

development in the early years (Cartmill et al., 2013; Sim, 2012), serving as a buffer against 65 

the above-mentioned risks. Understanding how to identify language concerns and intervene 66 

early relies upon accurate and reliable measurement. This paper uses existing data from two 67 

early childhood cohorts to examine agreement between parent-reported and directly measured 68 

child language and parenting behaviors, and the socio-demographic predictors of the 69 

difference between measures.   70 

 71 

Research focused on understanding complex child developmental and family processes 72 

requires highly sensitive assessment tools. Two primary options for researchers seeking to 73 

quantify constructs related to child language and parenting behaviors are parent-reported 74 

measures and direct (observational or standardized) measures. Both possess notable strengths 75 

and limitations, yet there is a lack of comparable data to help researchers identify the 76 

circumstances in which one or both methods should be employed. Parents are uniquely 77 

positioned to report on their children’s behavior retrospectively and across multiple settings 78 

(Gartstein & Marmion, 2008). Parent-reported data is relatively straightforward and 79 

inexpensive to collect and analyze (Hawes & Dadds, 2006), making it an appealing 80 

measurement approach in large-scale trials where time and cost are significant considerations. 81 

However parents’ unique set of experiences, opinions and attitudes (both explicit and 82 

implicit) can contribute to response bias. For example, parents may vary in their 83 

interpretation of key terms (Aspland & Gardner, 2003);  psychological difficulties can color 84 

parents’ perceptions of their children’s behavior (Hayden, Durbin, Klein, & Olino, 2010); or 85 

responses can be influenced by social desirability (Law & Roy, 2008). In contrast, direct 86 

measures permit the collection of data which is more objective (Wysocki, 2015). For this 87 

reason, direct measures are often considered the “gold standard” for assessing both parenting 88 

behaviors (Hawes & Dadds, 2006) and child language (Sachse & Von Suchodoletz, 2008). 89 

However collection of such measures requires considerable time and financial resources 90 

(Gardner, 2000), and generalizability to other time points and settings has been questioned 91 

(Gardner, 1997).  92 

 93 

Myriad factors can affect observed behavior or parent-reported responses. Direct measures 94 

can be influenced by the presence of the observer or assessor, illness, tiredness, or 95 

distractions. Parent-reported measures may be biased by factors associated with a parent’s 96 
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background. Parents from low socio-economic backgrounds (e.g. low income, low education) 97 

have been shown to over- or under-estimate children’s vocabulary on the Communicative 98 

Development Inventory (Feldman et al., 2000; Roberts, Burchinal, & Durham, 1999), 99 

suggesting that caution in interpretation is required. Furthermore, acquiescence or “yea-100 

saying” (i.e. the tendency to agree with items irrespective of their content) may be a 101 

particularly important consideration when administering parent-reported measures with 102 

socially disadvantaged populations (Meisenberg & Williams, 2008). It has also been 103 

suggested that less educated parents may be less able than well-educated parents to 104 

discriminate between expressive and receptive items on a vocabulary checklist, thus 105 

providing an inflated estimate of their child’s language abilities (Reese & Read, 2000). Child 106 

characteristics such as temperament and gender have similarly been shown to affect parent 107 

responses or parent behaviors (Hayden et al., 2010; Olino, Durbin, Klein, Hayden, & Dyson, 108 

2013).  109 

 110 

In light of these relative strengths and limitations of parent-reported and direct measures, it is 111 

important to establish the extent to which these measurement methods concur and for whom. 112 

This information will allow researchers to make more informed decisions about the most 113 

appropriate and cost-effective measurement option, given the specific context of their study 114 

and finite study resources. For example, given evidence of strong agreement between parent-115 

reported and direct measures, researchers may opt to administer only parent-report; whereas 116 

evidence suggesting weak agreement may require researchers to administer multiple methods 117 

or only the agreed “gold standard” method.  118 

 119 

Few studies have investigated agreement between parent-reported and directly measured 120 

behaviors. Of those that have, two primary limitations can be identified. Firstly, these studies 121 

tend to employ small sample sizes (in the range of N=50-70). While understandable given the 122 

expense associated with using direct measures, small samples reduce the power of the study 123 

to identify the limits of agreement with precision. Secondly, these studies typically employ 124 

correlational analyses to quantify agreement between measures. For example, moderate 125 

correlations have been reported between parent-reported and directly measured child 126 

language (e.g. Ring & Fenson, 2000; Sachse & Von Suchodoletz, 2008) and weak to 127 

negligible correlations between parent-reported and directly measured parenting behaviors 128 

(e.g. Arney, 2004). The use of correlations is problematic because correlations provide a 129 

single figure representing the strength of the association between two related variables; they 130 

do not assess agreement (Eadie et al., 2014). That is, correlations do not allow for differences 131 

in agreement to be examined across the spectrum, and they do not account for bias which 132 

may be present between two measures, including fixed bias (i.e. bias which is constant across 133 

the distribution) or proportional bias (i.e. bias which varies proportionally across the 134 

distribution) (See Bennetts et al., 2016; Bland & Altman, 1986; Carstensen, 2010). We agree 135 

with Stolarova and colleagues (2014) that greater awareness of the difference between 136 

agreement and correlation will lead to the use of more appropriate statistical methods.  137 

 138 

Methods such as the Bland-Altman Method (Bland & Altman, 1986) or Reduced Major Axis 139 

(RMA) regression (Ludbrook, 2010) represent appropriate alternatives for assessing 140 

agreement, allowing researchers to quantify fixed and proportional bias, respectively. These 141 

techniques are commonly used for method comparisons in fields such as medicine and 142 

chemistry, but are seldom applied in psychology due to a lack of awareness and paucity of 143 

literature in the field (Miles & Banyard, 2007). The Bland-Altman Method involves plotting 144 

the mean of two measures against the difference between two measures (Altman & Bland, 145 

1983). This provides a visual means of examining the variation in agreement across the 146 
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spectrum of scores. RMA regression is particularly helpful for identifying proportional bias 147 

between measures (Ludbrook, 1997). Execution of this technique involves minimizing the 148 

sum of the vertical and horizontal residuals. RMA is suitable for contexts in which 149 

measurement error is present in both x and y, as would be expected in the current study.  150 

 151 

This study used data from two cohorts of parents and their children aged 6-36 months to: (1) 152 

quantify the agreement between parent-reported and directly measured child language and 153 

parenting behaviors, and to (2) determine the association between a range of socio-154 

demographic factors and the difference between parent-reported and direct measures.  155 

2 Materials and method 156 

2.1 Participants 157 

Data were drawn from two randomized controlled trials of early childhood parenting 158 

interventions; (1) a community-based sample of parent-child dyads participating in the 159 

Language for Learning program for slow-to-talk toddlers aged 24 months (N=201), and (2) 160 

parent-child dyads participating in the Early Home Learning Study; an evaluation of a 161 

community-based program to support disadvantaged parents to provide a rich home learning 162 

environment for their children aged 6-36 months (N=218). Parents and children completed a 163 

suite of assessments, including parent-reported and direct measures of child language and 164 

parenting behaviors.   165 

 166 

Language for Learning participants were recruited by maternal and child health nurses in 167 

three local government areas in Victoria, Australia. All children residing in these areas were 168 

recruited at 12 months of age. Children were excluded if there was a known cognitive delay, 169 

a major medical condition, or if parents unable to complete written questionnaires. At child 170 

age 18 months, parents completed the Sure Start Language Measure. Children falling below 171 

the 20
th

 percentile were invited to participate in the current study of slow-to-talk toddlers.  172 

 173 

Early Home Learning Study participants were recruited by child and family service workers 174 

and maternal and child health nurses within twenty local government areas in Victoria, 175 

Australia. Eligibility criteria included: living within the geographical boundaries of a trial 176 

locality; having at least one child aged 6-36 months; and evidence of at least one risk 177 

indicator for social disadvantage including: low family income; receipt of government 178 

benefits (e.g. Health Care Card for low income families); single, socially isolated or young 179 

parent (<25 years); and culturally and linguistically diverse background. Parents were not 180 

eligible if they were aged less than 18 years, did not speak English, or were receiving 181 

intensive support or child protection services.  182 

2.2 Measures 183 

A summary of parent-reported and direct measures administered for each cohort is provided 184 

in Table 1. Both cohorts completed parent-reported and direct measures of child language. 185 

Direct measures included a standardized language assessment for the Language for Learning 186 

cohort, and a videotaped observation for the Early Home Learning Study cohort. Participants 187 

in the Early Home Learning Study also completed a videotaped observation of parent-child 188 

interaction, as well as parent-reported measures of parenting behaviors.  189 

 190 

Table 1. Parent-reported and direct measures.  191 

 Parent-reported measures Direct measures 
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Child 

language 

 Sure Start Language Measure
 
(SSLM)

a
 

 Ages & Stages Questionnaire (ASQ)
a,b

 

communication subscale 

 Macarthur-Bates Communicative 

Development Inventory (Short-Form, 

CDI)b 

 Preschool Language 

Scale (PLS-4)
a
 

 Early Communication 

Indicator (ECI)b 

Parenting 

behaviors 

 Parental Verbal Responsivity (PVR)b 

 Home Activities with Child (HAC)b 

 Indicator of Parent-Child 

Interactions (IPCI)b 
a
Language for Learning; 

b
Early Home Learning Study  192 

2.3.1 Parent-reported measures 193 

MacArthur-Bates Communicative Development Inventories. The CDI is a brief, reliable and 194 

commonly used measure of children’s language skills (Fenson et al., 2000). One of three 195 

versions was used depending on the child’s age in months. The CDI Short-Form Level I was 196 

used for children up to 18 months, consisting of an 89-word list, resulting in a total score 197 

from 0-89. Parents were asked to indicate if their child “understands” or “understands and 198 

says” each word. Parents of children aged 19-30 months completed the Short-Form Level II. 199 

Parents were asked to report whether their child ‘says’ 100 listed words resulting in a total 200 

score from 0-100 for word production and a single item assessing word combinations.  201 

Parents of children aged 31 months and above completed the CDI III, consisting of a 100-202 

word vocabulary checklist, 12 sentence pairs to evaluate complexity of language use, and 12 203 

yes/no items assessing language comprehension, resulting in a total score from 0-124. Minor 204 

changes in word items were made for the Australian context, in-line with other Australian 205 

studies (Reilly et al., 2009; Skeat, Eadie, Ukoumunne, & Reilly, 2010). Scores were 206 

standardized for each of the three age-appropriate versions.   207 

 208 

Sure Start Language Measure. Children’s expressive vocabulary was assessed with the Sure 209 

Start Language Measure (SSLM) 100-word checklist (Roy, Kersley, & Law, 2005). The 210 

SSLM was developed based on the commonly used MacArthur-Bates Communicative 211 

Development Inventory, with some items adjusted for the United Kingdom, rather than 212 

American context. Parents were asked to indicate whether their child could say 100 words, 213 

(e.g., “meow”, “finish” or “happy”) and whether their child was combining words “not yet”, 214 

“sometimes” or “often” to produce a total score out of 100.  215 

 216 

Ages & Stages Questionnaire (ASQ-3) communication subscale. The ASQ allows for 217 

developmental and social-emotional screening of children, aged between 1-66 months 218 

(Squires, Twombly, Bricker, & Potter, 2009). Questionnaires comprise five sub-scales: 219 

communication, gross motor, fine motor, problem solving, and personal-social, with 6 items 220 

in each subscale, plus an additional 8 open-ended questions addressing overall child 221 

development. Only the communication subscale is reported here. Parents were asked to 222 

indicate whether their child performs a specific activity using three response categories: 223 

‘yes’, ‘sometimes’ or ‘not yet’ across six items, each scored as 10, 5 or 0 for ‘yes’, 224 

‘sometimes’ or ‘not yet’ respectively (e.g. “Does your child correctly use at least two words 225 

like “me”, “I”, “mine” and “you”?). Scores were summed to give a total score ranging from 0 226 

to 60. Higher scores indicated stronger communicative abilities. Fourteen age-appropriate 227 

versions were administered; therefore scores were standardized within age bands to derive z-228 

scores.  229 

 230 
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Parental Verbal Responsivity. The 4-item PVR subscale from the StimQ-Toddler (Dreyer, 231 

Mendelsohn, & Tamis-LeMonda, 1996) measures how verbally responsive the parent is in 232 

interactions with their child on a dichotomous “yes”/”no” scale. To detect greater variability, 233 

an alternative 4-point Likert scale was used, where 1 =not at all and 4 =every day. (e.g. “I 234 

talk about the day while my child is eating”). Scores were summed to produce a total score 235 

between 4 and 16, with higher scores indicating greater parental verbal responsivity. 236 

 237 

Home Activities with Child. The 5-item “Home Activities with Child” scale (Nicholson, 238 

Berthelsen, Abad, Williams, & Bradley, 2008) assessed the frequency with which parents 239 

engage in developmentally important activities with their child in a typical week. The scale is 240 

administered on 4-point Likert scale, where 1=not at all, and 4=every day (e.g. “How often 241 

do you involve your child in everyday activities at home, such as cooking or caring for 242 

pets?”). Item scores were summed to produce a total score between 5 and 20, with higher 243 

scores indicating greater frequency of home activities between the parent and child.  244 

2.3.2 Direct measures 245 

Preschool Language Scale, Fourth Edition. The PLS-4 (Zimmerman, Steiner, & Pond, 246 

2002a) is a standardized and norm-referenced instrument to evaluate children’s receptive and 247 

expressive language skills from birth to six years and 11 months. This assessment can be used 248 

as a screening tool for a range of developmental delays such as problems with language, 249 

articulation, connected speech, social communication skills, stuttering, or voice disorders. 250 

Although this measure is normed on a US, rather than Australian sample, (n=1564) 251 

(Zimmerman, Steiner, & Pond, 2009), it is one of the most widely used, directly-assessed, 252 

standardized tools for assessing language ability in very young children. The PLS-4 has been 253 

used in other Australian studies with young children (e.g. Ching, Leigh, & Dillon, 2013). 254 

This study reports only on the PLS standard score for expressive language.   255 

 256 

Early Communication Indicator. The ECI (Carta, Greenwood, Walker, & Buzhardt, 2010) 257 

aims to assess early communicative development of children aged 6-36 months across four 258 

key domains: vocalizations; single words; multiple words; and gestures. Parents were asked 259 

to play with their child with a standardized set of toys for six minutes while being videotaped. 260 

Accredited expert coders scored video data according to standardized protocols. Frequencies 261 

for each of the four domains were recorded at one-minute intervals. A total communication 262 

composite score was generated by weighting single words by two and multiple words by 263 

three, before summing all four domain scores. Inter-rater agreement on 20% of observations 264 

independently coded by both assessors was 93.9%,consistent with previously reported figures 265 

(Greenwood, Walker, & Buzhardt, 2010). Families from a non-English speaking background 266 

were not instructed to speak English. Rather, all families were asked to “do what they 267 

normally do”. Videos featuring families who spoke a language other than English could not 268 

be coded due to the need to employ interpreters; only families who chose to interact in 269 

English are included in this analysis.  270 

  271 

Indicator of Parent-Child Interactions. The IPCI (Carta et al., 2010) was used to quantify the 272 

frequency of specific parent and child behaviors during a set of four common early childhood 273 

activities: free play (4 minutes); looking at books (2 minutes); distraction (2 minutes); and 274 

getting dressed (2 minutes). The distraction task required parents to keep their child on a 275 

small blanket without the child touching a small musical device which was placed within 276 

reach. This activity was not administered to children less than 12 months of age. The 277 

activities are designed to elicit natural interactions which would typically occur between the 278 
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parent and child. Activities were videotaped, resulting in a total of 8-10 minutes’ footage. 279 

Accredited expert coders scored video data according to standardized protocols by counting 280 

the frequency of interactions for each activity across six parent domains: conveys acceptance 281 

and warmth; uses descriptive language; follows child’s lead; maintains or extends child’s 282 

focus; uses criticism or harsh voice; uses restrictions or intrusions. For each activity, a 283 

relative frequency was allocated to each domain based on a 4-point scale where 0=never; 284 

1=rarely; 2=sometimes or inconsistently; 3=often or consistently. After each activity was 285 

rated, a domain percentage score was calculated by summing all activity scores and dividing 286 

by the total number of possible points for that domain. This study reports on the total positive 287 

caregiver score only, which captures the frequency of responsive parenting behaviors 288 

occurring during the videotaped observation. This total score was generated by summing the 289 

percentage scores for the first four domains listed above. Inter-rater agreement on 20% of 290 

observations independently coded by both assessors was 87.4%, consistent with previously 291 

reported figures (Baggett & Carta, 2006). As described above, all families were asked to “do 292 

what they normally do”. However, videos featuring families who spoke a language other than 293 

English could not be coded due to the need to employ interpreters. 294 

 295 

Socio-demographic Factors  296 

Variables available for both cohorts included: parent age, child age, child gender, parent 297 

education, household income, household unemployment, language other than English and 298 

socio-economic disadvantage. Socio-economic disadvantage was assessed with the Socio-299 

Economic Indexes for Areas Disadvantage indicator (Australian Bureau of Statistics, 2011), 300 

which summarizes the economic and social circumstances for people and households in a 301 

particular area (m=1000; sd=100). Lower scores indicate greater disadvantage. A single-item 302 

indicator of child temperament was included for both cohorts (higher scores indicated more 303 

difficult temperament). Additional variables were included in the Early Home Learning Study 304 

analysis due to availability of data, and evidence that these factors may affect parent 305 

responses or behavior: global parenting self-efficacy, assessed using a single-item indicator 306 

(“Overall, as a parent, do you feel that you are …” not very good at being a parent; a person 307 

who has some trouble being a parent; an average parent; a better than average parent; a very 308 

good parent); psychosocial distress assessed with the K6 (Kessler et al., 2002); and health-309 

related quality of life evaluated with the SF-12 UK version (Jenkinson & Layte, 1997). 310 

2.3 Procedure  311 

Language for Learning: Children identified as slow-to-talk at 18 months were assessed at 24 312 

months by a trained research assistant. Researchers visited families at home to collect parent-313 

reported data and to administer a standardized child language assessment. Early Home 314 

Learning Study: Prior to intervention, trained research assistants videotaped parents and 315 

children at home during play activities to examine child language development and parent-316 

child interactions. Parents also completed a brief measure of child language during the visit. 317 

A 30-minute parent questionnaire was administered via computer-assisted telephone 318 

interview.  319 

 320 

Ethical approval for the Language for Learning study was granted by the Royal Children’s 321 

Hospital Human Research Ethics Committee (EHRC #26028) and The University of 322 

Melbourne (#0829736). All parents provided written informed consent. Ethical approval to 323 

access existing Language for Learning data for the current study was covered under the 324 

Centre for Excellence in Child Language and approved by the Royal Children’s Hospital 325 

Provisional



8 
 

Human Research Ethics Committee (HREC #32261 B). Ethical approval for the Early Home 326 

Learning Study was granted by the Victorian Government Department of Health (HREC 327 

08/10). All parents provided written informed consent. Ethical approval to access existing 328 

Early Home Learning Study data for the current study was granted by The University of 329 

Melbourne Human Research Ethics Committee (ID 1543863.1).  330 

2.4 Statistical analyses 331 

All analysis was conducted using Stata/IC Version 13.0 (StataCorp, 2013). Prior to analyses, 332 

two fathers were excluded from the Language for Learning dataset and nine from the Early 333 

Home Learning Study dataset, given that parent gender has been found to contribute to 334 

differences in data collection (Olino et al., 2013) and the inclusion of such small numbers of 335 

fathers was considered insufficient to identify differences between mothers and fathers. A 336 

total of nine measures were examined across the two cohorts. Between these measures, nine 337 

comparisons were conducted: six compared parent-reported and directly measured behaviors, 338 

and three compared parent-reported and parent-reported behaviors. Histograms of the 339 

differences were examined for all nine comparisons, followed by scatterplots with a line of 340 

best fit to determine linearity. Both Pearson’s Correlation Coefficients and Spearman Rank 341 

Correlation Coefficients were calculated for each comparison. Pearson’s is reported here to 342 

enable cross-study comparisons with existing literature, and Spearman’s is also reported to 343 

account for non-normality of distributions. The Concordance Correlation Coefficient (CCC) 344 

was also computed using the Stata “-concord” command. Developed by Lin (1989) as a 345 

measure of agreement, the CCC quantifies the degree to which pairs of observations fall on 346 

the 45° line through the origin. It contains a measure of precision using the Pearson’s 347 

Correlation Coefficient, as well as a bias correction for accuracy.  348 

 349 

Z-scores were derived for each of the outcome variables to enable cross-measure 350 

comparisons on the same scale. Bland-Altman plots were then generated using the Stata “-351 

concord” command (Cox & Steichen, 2007) for all nine comparisons. This plots the mean of 352 

the measures against the difference between the measures, as well as the line of mean 353 

difference and the 95% limits of agreement. RMA regression (or “ordinary least products” 354 

regression) was conducted using the Stata “–concord” command.  355 

 356 

The associations between a range of socio-demographic factors and the difference between z-357 

scores were estimated using unadjusted and adjusted linear regression. Difference scores 358 

were calculated by subtracting one z-score from the other, and these were then used as the 359 

outcome variables for the regressions. Unadjusted associations were examined, before the 360 

adjusted models were tested. Only variables associated with the outcome at p≤.1 were 361 

included in the adjusted models. All continuous variables were screened for evidence of 362 

multicollinearity (r ≥ .70); none were excluded. Factors included in the adjusted models for 363 

both cohorts included parent age, child age, child gender, parental education, household 364 

income, household unemployment, SEIFA disadvantage score, language other than English 365 

and a single-item indicator of child temperament. Additional variables included in the 366 

analyses from the Early Home Learning Study dataset were parenting self-efficacy, 367 

psychosocial distress, and health-related quality of life. The Stata “-mixed” command was 368 

used for this cohort, to account for the cluster-RCT study design and Intraclass Correlation 369 

Coefficients were examined.  370 

 371 

Finally, quantile regressions were conducted to determine whether the association between 372 

the socio-demographic factors and the difference scores varied across the distribution of the 373 

Provisional



9 
 

difference scores. Associations were examined across the 25
th

, 50
th

 and 75
th

 quantiles. Each 374 

model was compared to the standard ordinary least squares output and a test for 375 

heteroscedascity was used to determine whether there was evidence against the null 376 

hypothesis of constant variance across the quantiles.  377 

2.5  Sample size   378 

Bland (2004) provides a formula to evaluate the precision of the sample size to accurately 379 

assess agreement between measures. Bland advises that the 95% confidence interval around 380 

the limits for agreement may be estimated as        
 

 
   where s is the standard deviation of 381 

the differences between measurements by the two methods, and n is the sample size. Bland 382 

recommends that a sample size of 100 is adequate for method comparisons. Applying this 383 

formula provides excellent precision for the Language for Learning cohort of N=201 (+/- 384 

0.24s). For the Early Home Learning Study, direct measures were only available for a subset 385 

of the cohort (Early Communication Indicator, N=100; and Indicator of Parent-Child 386 

Interactions, N=163) providing adequate precision for comparisons involving these measures 387 

(+/- 0.34s and +/- 0.27s, respectively).  388 

3 Results 389 

3.1 Sample  390 

Sample characteristics for each study are summarized in Table 2. Language for Learning: 391 

Nearly half of the parents had completed higher education and fewer than one in ten families 392 

spoke a non-English language. There were approximately equal proportions of male and 393 

female children, and more than three-quarters of parents were married. Most parents reported 394 

earning a mid to high range household income, with one in five reporting a low income. 395 

Early Home Learning Study: Similar characteristics were observed in terms of education, 396 

marital status and child gender compared to families in the Language for Learning study. 397 

However, Early Home Learning Study parents were more likely to be younger, to speak a 398 

language other than English, and to live in a household without an employed person. 399 

Language for Learning participants were on average, less disadvantaged compared with the 400 

Australian mean (m=1026.6) and Early Home Learning Study participants were slightly more 401 

disadvantaged (m=984.2); however there was also a large degree of variation in scores 402 

(ranges: 888.2–1117.5 and 816.7-1105.9, respectively)  403 

 404 

Table 2. Sample characteristics for participants in each cohort.  405 

Variable Language for Learning  

(n=201) 

Early Home Learning 

Study (n=218) 

Parent age, years, mean (SD) 35.3 (4.4) 32.6 (5.1) 

Child age, months, mean (SD)  24.4 (1.1) 16.2 (9.3) 

Child female, n (%) 95 (47.0) 113 (51.8) 

Parent marital status n, (%) 

Single/separated/divorced 

Married/de facto 

 

11 (5.5) 

190 (94.5) 

 

17 (7.8) 

201 (92.2) 

Household unemployment n (%)` 10 (5.0) 18 (8.3) 

Parent education, n (%) 

Higher education 

No higher education 

 

93 (46.7) 

106 (53.3) 

 

112 (51.4) 

106 (48.6) 

LOTE, n (%)
 ^
 19 (9.5) 46 (21.1) 
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Household income p/a, n (%)
*
 

<$46,800 

$46,800-$70,200  

>$70,200  

 

38 (19.3) 

69 (35.0) 

90 (45.7) 

 

- 

- 

- 

<$36,400 

$36,400-51,999 

>=$52,000  

- 

- 

- 

26 (12.0) 

36 (16.6) 

147 (67.7) 

SEIFA
#
, mean (SD) 1026.6 (54.1) 984.2 (57.9) 

Notes: `Single parent unemployed or both parents unemployed; ^Language other than 406 

English; *Different categories of income were administered for each sample; #Socio-407 

Economic Index for Areas (SEIFA) Disadvantage score is an indicator of relative 408 

disadvantage, based on postcode of residence, accounting for low income, low educational 409 

attainment and high unemployment. Lower index scores indicate greater disadvantage. 410 

3.2 Descriptive statistics  411 

The means, standard deviations and ranges for the parent-reported and directly measured 412 

behaviors are presented in Table 3. Alpha coefficients indicate excellent internal consistency 413 

for the Sure Start Language Measure and Preschool Language Scale, consistent with figures 414 

reported elsewhere (Roy et al., 2005; Zimmerman, Steiner, & Pond, 2002b; Zubrick, Taylor, 415 

& Rice, 2007). There was poorer internal consistency for Parental Verbal Responsivity and 416 

the Home Activities with Child scales, which is typically expected for measures with few 417 

items (Gliem & Gliem, 2003). Children’s expressive language standard scores on the 418 

Preschool Language Scale (m = 91.2, sd = 12.3) indicate that, on average, children were 419 

performing below the 50
th

 percentile. As shown, direct measures were only available for a 420 

sub-sample of participants in the Early Home Learning Study cohort. Due to the financial 421 

expenses associated with video coding, the data used in this paper represents a sub-sample of 422 

a larger dataset; this sub-sample was selected at random. 423 

 424 

Table 3. Descriptives for parent-reported and directly measured behaviors.  425 

 M (SD) Range α N Missing from 

Total Sample N 

Child language     

Sure Start Language Measure
a
 35.0 (22.7) 0 - 98 .97 7/201 

Ages & Stages Questionnaire
a*

 0 (1) -2.8 - 1.1 n/a 1/201 

Ages & Stages Questionnaire
b*

 0 (1) -3.01 - 1.7 n/a 1/218 

Communicative Development Inventory
b
 100.39 (9.7) 80.99 - 160.7 n/a 5/218 

Preschool Language Scale
a
 91.2 (12.3) 64 - 135 .86 2/201 

Early Communication Indicator
b 

 10.1 (7.3) .3 - 32.3 n/a 118/218 

Parenting behaviors      

Parental Verbal Responsivity
b
 12.94 (2.21) 6 - 16 .40 0/218 

Home Activities with Child
b 
 17.11 (2.52) 9 - 20 .49 0/218 

Indicator of Parent-Child Interactions
b 
 200.15 (55.3) 50 - 370 n/a 55/218 

a
Language for Learning; 

b
Early Home Learning Study; *Z-Scores were derived to account for 426 

different age-appropriate versions.   427 

3.3 Correlations  428 

The strongest correlations were obtained for comparisons involving two parent-reported 429 

measures, with moderate positive associations (see Table 4). The strongest correlation for any 430 
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parent-reported and direct comparison was between the Ages & Stages Questionnaire 431 

(communication subscale) and Preschool Language Scale (expressive language), with a 432 

moderate, positive correlation. Weaker associations were obtained for the remaining 433 

comparisons, with a moderate positive correlation between the Communicative Development 434 

Inventory and the Early Communication Indicator, and a weak non-significant correlation 435 

between the Ages & Stages Questionnaire and the Early Communication Indicator. 436 

Associations between measures of parenting behaviors were much weaker than the child 437 

language comparisons, with near-negligible associations between parent-reported and direct 438 

measures. In contrast to the Pearson’s and Spearman’s coefficients, which produced similar 439 

coefficients for each comparison, the Lin’s Concordance Correlation Coefficient produced 440 

markedly smaller correlations for several comparisons. This suggests that, although the 441 

measures are associated, the level of agreement is much poorer. Lin’s correlation line passes 442 

through the origin, with a slope of one. Thus, it provides a measure of correspondence 443 

between measures, rather than association. As shown in Table 4, the Lin’s coefficient for two 444 

comparisons was close to zero, yet highly significant. The confidence intervals for these 445 

comparisons were very narrow, hence the significant p-values.  446 

 447 

Table 4. Pearson’s (r), Spearman’s Rank (ρ) and Lin’s Concordance (ρc) correlation 448 

coefficients for each of the nine comparisons.  449 

 r ρ ρc 

Child language    

1. Ages & Stages Questionnaire vs. Sure Start Language Measure .70*** .73*** 0.70*** 

2. Ages & Stages Questionnaire vs. Preschool Language Scale  .61*** .59*** 0.61*** 

3. Sure Start Language Measure vs. Preschool Language Measure .56*** .60*** 0.56*** 

4. Ages & Stages Questionnaire vs. Communicative Development 

Inventory  

.44*** .48*** .001*** 

5. Ages & Stages Questionnaire vs. Early Communication 

Indicator  

.12 .16 .01 

6. Communicative Development Inventory vs. Early 

Communication Indicator  

.32** .33** .01** 

Parenting behaviors    

7. Parental Verbal Responsivity vs Home Activities with Child .45*** .45*** .17*** 

8. Parental Verbal Responsivity vs Indicator of Parent-Child 

Interaction 

-.03 -.04 .00 

9. Home Activities with Child vs Indicator of Parent-Child 

Interaction 

.06 .08 .00 

***p≤.001; **p≤01; *p<.05 450 

3.4 Agreement between methods  451 

Application of the Bland-Altman Method requires the differences between measures to be 452 

approximately normally distributed (Bland & Altman, 2003). Histograms of the differences 453 

showed approximate normality, with slight negative skewness evident for the ASQ-ECI and 454 

ASQ-CDI, and positive skewness for the PVR-HAC. The association between each of the 455 

nine comparisons was examined using scatterplots with a fitted line of equality. Scatterplots 456 

suggested a positive, approximately linear relationship whereby higher scores on one measure 457 

correspond with increasing scores on the other measure. Exceptions were the PVR-IPCI and 458 

HAC-IPCI scatterplots, which did not provide evidence of a linear association. Bland-Altman 459 

Plots were generated for each of the nine comparisons (Figures 1-3). In each plot, the solid 460 

horizontal line represents the mean difference between the measures and the dotted lines 461 

represent the ‘limits of agreement’ within which 95% of data points lie. The overall bias 462 

(mean difference) was close to zero for most comparisons, reflecting the scaling of the 463 
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measures to z-scores; we therefore focus on the limits of agreement and patterns of agreement 464 

across the range of scores.  465 

 466 

Child language. Figure 1 shows the three Language for Learning comparisons. Plot A shows 467 

the agreement between the parent-reported ASQ and the standardized language measure, 468 

PLS. The points are widely dispersed around the mid-section, indicating poorer agreement for 469 

children with average language abilities. Points are closest to y=0 at the lower end, indicating 470 

the strongest agreement for children with the poorest language abilities. Vertical reference 471 

lines at x = -1 and x = 1 have been included for ease of interpretation. At the upper end of the 472 

spectrum (scores >1 on the x axis), points are all below y=0, indicating that the parent-473 

reported ASQ is systematically underestimating children’s language, compared to the direct 474 

measure (PLS). The limits of agreement tell us that 95% of the points lie between -1.75 and 475 

1.73 standard deviations. Plot B shows the agreement between the parent-reported SSLM and 476 

the standardized language measure, the PLS. At the lower end (scores below x = -1) points 477 

are more tightly clustered around the line y=0, indicating stronger agreement between these 478 

measures for children with poorer language abilities. Agreement then appears to deteriorate 479 

across the spectrum, as children’s average language abilities increase. This is shown by the 480 

much wider dispersion of points from x=0 and above. The limits of agreement tell us that 481 

95% of the points lie between -1.80 and 1.80 standard deviations. The strongest agreement of 482 

all nine comparisons was found for two parent-reported language measures, the ASQ and the 483 

SSLM (Plot C), with the narrowest limits of agreement (-1.53 to 1.53 standard deviations). 484 

For children with average language abilities (scores between -1 and 1 on the x axis) parents 485 

both underestimate and overestimate on the ASQ, compared to the SSLM. For children with 486 

poorer language abilities (below -1 on the x axis) and higher average language abilities 487 

(above 1 on the x axis), the ASQ produces lower scores than the SSLM.  488 

 489 

Figure 2 shows the three Early Home Learning Study comparisons. Plot A shows the 490 

agreement between the parent-reported ASQ and the direct videotaped observation, the ECI. 491 

For children with average language abilities, parents are over- and under-estimating their 492 

children’s language abilities on the ASQ, compared to scores from the directly measured 493 

ECI. For children with poorer language abilities (scores below -1 on the x axis) and stronger 494 

language abilities (scores above 1 on the x axis), most points are positioned below the line 495 

y=0. This suggests that parents of children with very poor or very strong average language 496 

abilities are underestimating on the ASQ, compared to the directly measured ECI. The limits 497 

of agreement tell us that 95% of the points lie between -2.55 and 2.48 standard deviations. A 498 

different pattern of agreement is evident between the parent-reported CDI and the ECI (Plot 499 

B), whereby the strongest agreement occurred for children with the poorest language ability, 500 

and agreement progressively deteriorated as children’s language ability improved (95% limits 501 

of agreement: -2.21 to 2.33 standard deviations). Not surprisingly, the strongest agreement of 502 

the six Early Home Learning Study comparisons was between the two parent-reported 503 

measures, the ASQ and the CDI (Plot C) (95% limits of agreement: -2.10 to 2.06 standard 504 

deviations). However, the distribution of points suggests that the poorest agreement between 505 

the measures is for children with average language abilities (scores between -1 and 1 on the x 506 

axis). For children with poorer average language abilities (scores < -1 on the x axis) and 507 

stronger average language abilities (scores > 1 on the x axis), the ASQ is underestimating, 508 

compared to the SSLM.  509 

 510 

Parenting behaviors. Figure 3 shows poorer agreement between measures of parenting 511 

behaviors compared to the child language measures. Plot A presents agreement between the 512 

parent-reported PVR and the direct videotaped observation, the IPCI. The more dispersed 513 

Provisional



13 
 

scatter of points around the mid-section reveals that the poorest agreement is for parents of 514 

average responsiveness (95% limits of agreement: -2.78 to 2.80 standard deviations). Parents 515 

with poorer average responsiveness (scores < -1 on the x axis) and parents with stronger 516 

average responsiveness (scores > 1 on the x axis) tend to underestimate their responsiveness 517 

on the PVR, compared to scores on the IPCI. A similar pattern can be seen between the 518 

parent-reported HAC and the IPCI (Plot B), with slightly stronger agreement indicated by 519 

narrower 95% limits of agreement (-2.52 to 2.70 standard deviations). As shown with the 520 

child language comparisons, the strongest agreement between measures of parenting 521 

behaviors was between the two parent-reported measures, the PVR and the HAC (Plot C), 522 

whereby 95% of the points lie between -2.06 and 2.06 standard deviations. The horizontal 523 

scatter of points indicates that the bias between these measures is relatively fixed across the 524 

distribution of scores.  525 

3.5 Identification of proportional bias    526 

Figures 4-6 present the RMA regression plots to identify the presence of proportional bias. 527 

As shown in Figure 4, the Language for Learning language measures show very minimal 528 

proportional bias, evidenced by the slopes which are close to one and the intercepts which are 529 

close to zero. The three Early Home Learning Study child language comparisons also show 530 

minimal proportional bias; however Figure 5A shows a degree of bias between the parent-531 

reported ASQ and the directly measured videotaped observation, the ECI, indicated by the 532 

slight divergence of lines. Figure 6 shows the three parenting behavior comparisons. 533 

Substantial proportional bias is evident between the parent-reported PVR and the directly 534 

measured videotaped observation, the IPCI (6A). This is shown by the strong divergence of 535 

lines in the plot. The slope of around -1 indicates that for lower PVR scores, IPCI scores are 536 

relatively higher, and for lower IPCI scores, PVR scores are relatively higher. Only slight 537 

proportional bias can be seen between the parent-reported HAC and the IPCI (6B). Figure 6C 538 

indicates the absence of proportional bias between the parent-reported PVR and the parent-539 

reported HAC.  540 

3.6 Socio-demographic factors and agreement    541 

The results of the adjusted linear regressions are presented in Table 5 for the Language for 542 

Learning cohort and Tables 6 and 7 for the Early Home Learning cohort (See supplementary 543 

tables for unadjusted models). Non-significant variables at the unadjusted level (p>.1) were 544 

excluded from the adjusted analyses. The outcome variables in all regression analyses are 545 

difference scores, calculated by subtracting one z-score from another. The intraclass 546 

correlations from the multilevel mixed-effects linear regression for each outcome measure 547 

(Early Home Learning Study cohort) ranged from 0.00 to 0.22. This reflected the cluster 548 

randomized controlled trial design and was accounted for in the regression models.  549 

 550 

Child language (Language for Learning cohort)  551 

Child age was a significant predictor of difference scores for this cohort. Parents of older 552 

children tended to report higher child language scores on the parent-reported ASQ and 553 

SSLM, compared to scores generated by the directly measured PLS. Older child age was also 554 

associated with lower scores on the ASQ, compared with the SSLM. The included predictors 555 

explained nearly twice the amount of variance in difference scores for the CDI and PLS 556 

(19%), compared to the ASQ and PLS (9%) and the ASQ and CDI (10%).  557 

 558 

Child language (Early Home Learning Study cohort) 559 
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Child age and temperament predicted the difference scores between the parent-reported ASQ 560 

and the directly measured ECI, as well as the parent-reported CDI and ECI. For both 561 

comparisons, older child age was associated with lower scores on the ASQ and CDI, 562 

compared to the ECI. Parents who perceived their child as more difficult also tended to report 563 

lower scores on the ASQ and CDI, compared with the ECI. The included predictors explained 564 

negligible variance in difference scores between the two parent-reported measures, the ASQ 565 

and the CDI (1%), but explained substantial variance between the ASQ and ECI (40%) and 566 

the CDI and ECI (33%).  567 

 568 

Parenting behaviors (Early Home Learning Study cohort) 569 

The differences between measures of parenting behaviors were associated with parent age 570 

and English language status. Parents who spoke a language other than English were more 571 

likely than native English speakers to report greater parental responsiveness on a parent 572 

questionnaire (PVR or HAC), compared to scores generated from the directly measured IPCI. 573 

Older parents were also more likely to report less parent responsiveness on the parent-574 

reported PVR and HAC, compared with scores on the IPCI. The included predictors 575 

explained minimal variance in difference scores: PVR and IPCI (18%); HAC and IPCI: 576 

(14%); PVR and HAC (5%).  577 

 3.7 Socio-demographic factors across quantiles of agreement  578 

Quantile regression analyses provided scant evidence that the association between the socio-579 

demographic factors and the difference scores varied across the distribution of the difference 580 

scores. The Breusch-Pagen/Cook-Weisberg test for heteroscedasticity provided non-581 

significant p-values for eight of the nine comparisons (Language for Learning: ASQ-PLS, 582 

p=.40; SSLM-PLS, p=0.16; ASQ-SSLM, p=.31 and Early Home Learning Study: ASQ-ECI, 583 

p=.20; ASQ-CDI, p=.12; CDI-ECI, p=.87; PVR-IPCI, p=.87; PVR-HAC, p=.11). This 584 

suggests that the standard Ordinary Least Squares regression is sufficient for quantifying 585 

these associations. However, associations did vary across the distribution of difference scores 586 

for the HAC-IPCI comparison (p=.03). Closer inspection of the HAC-IPCI comparison 587 

revealed that income (low vs mid income), varied across the quantiles of difference (25
th

 588 

quantile: coefficient =.27, p=.68; 50
th

 quantile: coefficient = -.64, p= .30; 75
th

 quantile: 589 

coefficient = -1.44, p=.01). That is, participants with a low income were more likely to have a 590 

large difference between HAC and IPCI scores, compared to participants with a mid-range 591 

income. This finding should be interpreted with caution; given the number of comparisons 592 

made, it is potentially attributable to chance.   593 

4 Discussion 594 

This is the first study to specifically examine agreement between parent-reported and directly 595 

measured behaviors using the Bland-Altman Method and RMA regression. Nine comparisons 596 

were conducted using data from two independent Australian cohorts (6 child language and 3 597 

parenting behaviors). Although correlational findings were consistent with extant literature, 598 

Bland-Altman plots revealed substantial variation in agreement between parent-reported and 599 

directly measured child language and parenting behaviors across the distribution of scores. 600 

Agreement was generally stronger for children with poorer or exceptional language abilities, 601 

and weaker for children with average language abilities. Particularly for comparisons 602 

involving the ASQ, parents tended to underestimate their children’s language abilities, when 603 

children’s language was either poor or exceptional. Agreement between measures of 604 

parenting behaviors was slightly weaker than child language. Proportional bias between child 605 

language measures was minimal, but considerable bias was evident between parent-reported 606 
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and directly measured parenting behaviors. Differences between child language measures 607 

were associated with child age and temperament, and differences between parenting behavior 608 

measures were associated with parent age and speaking a language other than English. 609 

Findings provide strong evidence that simple correlations are grossly insufficient for method 610 

comparisons. 611 

4.1 Child language 612 

Findings suggest that parent-reported measures are most accurate for children who display 613 

either language difficulties or exceptional language abilities. Overall, the strongest agreement 614 

was observed for children with the poorest language. This may reflect parental concern and a 615 

tendency to more closely observe and monitor child development. Children at either end of 616 

the language spectrum may “stand out” from their peers. Reflecting the phenomenon 617 

identified in Festiger’s (1954) Social Comparison Theory, parents may rely on social 618 

comparisons to inform their decision about their children’s development. Children whose 619 

abilities reflect the norm may not generate the same close attention from their parents as 620 

children at either end of the spectrum. The variability in child language in the early years is 621 

well-established (Ukoumunne et al., 2012), however it is possible that children at the extreme 622 

ends of the spectrum are more stable in their language over time, supporting more accurate 623 

measurement for these groups. Whereas parent-reported measures may be sufficient to 624 

identify children with very poor or very strong language skills, multiple or gold standard 625 

direct measures would be necessary to delineate the language skills of children across the mid 626 

ranges of child language.  627 

 628 

It should be noted that for comparisons involving the ASQ (Figures 1A, 1C, 2A, 2C) parents 629 

tended to underestimate children’s language abilities for children with very poor or 630 

exceptional language. This may reflect the limited variability captured by the ASQ, given that 631 

it is a 6-item measure scored on a 3-point scale. For comparisons involving the CDI or the 632 

UK version of the CDI (SSLM), a different pattern emerged, whereby agreement with direct 633 

measures was stronger for children with poorer language ability and progressively worsened 634 

as children’s language abilities strengthened. This may reflect a ceiling effect for this 635 

commonly-used parent-reported measure of expressive vocabulary, where variation in 636 

children with exceptional skills cannot be accurately captured. Indeed, the potential for 637 

ceiling effects on the CDI for children aged 27 months and above has been reported 638 

elsewhere, particularly for children with more advanced language (Fenson et al., 2000). 639 

Together, these findings suggest that accurately capturing the full spectrum of language 640 

abilities using parent-reported measures with a small number of items may be problematic.  641 

 642 

The strongest agreement between child language measures was for the Language for 643 

Learning cohort. This may reflect the study sample of slow-to-talk toddlers, as well as the use 644 

of a standardized language assessment for this cohort, compared with the videotaped 645 

observational measure used in the Early Home Learning Study cohort. Some disagreement 646 

between measures may be attributable to differences in the constructs captured using each 647 

measure. While the Sure Start Language Measure, Communicative Development Inventory, 648 

and Preschool Language Scale specifically measure children’s expressive language, the Early 649 

Communication Indicator and Ages & Stages Questionnaire include some aspects of non-650 

verbal communication. For example, the Early Communication Indicator includes the 651 

frequency of a child’s communicative gestures, as well as vocalizations, single words and 652 

multiple words. The Ages & Stages communication subscales include items which measure 653 

both expressive and receptive language. The RMA plots provided a clear means of 654 
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identifying the presence of proportional bias; the six child language plots showed minimal 655 

proportional bias, suggesting that any bias between the measures was relatively consistent 656 

across the distribution of scores. 657 

 658 

The strongest predictor of the difference between language measures was child age; however 659 

the direction of this association varied for each cohort. Parents of older children in the 660 

Language for Learning cohort tended to report higher scores on parent-reported measures, 661 

whereas parents of older children in the Early Home Learning Study cohort tended to report 662 

higher scores on the direct measure. Previous research has shown that parents’ ability to 663 

accurately report on their child’s language development may deteriorate as children grow 664 

older and their vocabulary expands and language use becomes more complex (Law & Roy, 665 

2008). Differences between these cohorts may also be attributable to the child age ranges (24 666 

months and 6-36 months, respectively), as well as the nature of the selected measures. For 667 

example, parents of children less than 18 months participating in the Early Home Learning 668 

Study were asked about receptive as well as expressive vocabulary. In addition, the Early 669 

Communication Indicator only assessed observable features, such as gestures, vocalizations, 670 

single and multiple words. Regardless, it is remarkable that child age was such a highly 671 

significant predictor for the Language for Learning cohort, given the narrow range of child 672 

ages (M=24.4 months; SD= 1.1 months). At this young age, language develops rapidly and a 673 

small amount of time can produce quite different data. This finding highlights the complexity 674 

of measuring language in young children, as well as the importance of selecting measures 675 

specific to child age in years and months.  676 

 677 

Temperament also emerged as a predictor of child language difference scores, particularly for 678 

the Early Home Learning Study cohort. Perhaps surprisingly, more difficult child 679 

temperament was generally associated with less discrepancy between language measures. 680 

This may be due to parents of children with challenging behaviors having greater awareness 681 

of their child’s behavior and development, permitting greater accuracy in parent-reported 682 

measures. Again, this could be more apparent through parents’ use of social comparison with 683 

the child’s peers. It is also possible that children with behavioral difficulties are the children 684 

with poorer language abilities, for whom the strongest agreement was evident. Indeed, there 685 

is evidence that language and behavioral difficulties can occur comorbidly (Carpenter & 686 

Drabick, 2011). The nature of the assessment – structured assessment or videotaped 687 

observation – as well as the presence of the researcher in the home, may also contribute to 688 

differences between measures of children’s expressive language.  689 

4.2 Parenting behaviors 690 

Slightly poorer agreement was observed between measures of parenting behaviors compared 691 

to the language measures. We found relatively strong agreement between the parent-reported 692 

Home Activities with Child and the Indicator of Parent-Child Interactions Positive Caregiver 693 

Score, compared with the parent-reported Parental Verbal Responsivity and the IPCI. As a 4-694 

item measure, the PVR performed more poorly as an indicator of parental responsiveness, 695 

whereby a ceiling effect led to restricted variation in scores. This measure also showed low 696 

internal consistency, making it a less reliable measure. Both the PVR and HAC showed a 697 

tendency to underestimate parental responsiveness at the lower and upper extremes. Overall, 698 

our findings suggest that a brief parent-reported measure of the frequency of engagement in 699 

parent-child activities in the home (HAC) may represent a reliable indicator of parental 700 

responsiveness and engagement, which shows relatively good agreement with a 701 

comprehensive observational measure. For studies with limited resources, the HAC could be 702 
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a feasible alternative to time-intensive and costly observation required for the IPCI. It should 703 

be acknowledged that some disagreement between the measures of parenting behaviors could 704 

be explained by differences in the construct being measured or coded. For example, the PVR 705 

measures parents’ verbal responsiveness specifically, whereas the HAC assesses parent 706 

engagement and responsiveness more broadly, including both verbal and non-verbal 707 

behaviors. Both the PVR and HAC ask parents about the frequency with which they engage 708 

in everyday activities, such as reading books or talking about the day during mealtimes. The 709 

Positive Caregiver Total score derived from the IPCI captured the frequency of both verbal 710 

and non-verbal parenting behaviors, such as using descriptive language, and following the 711 

child’s lead (i.e. quantity and quality of parenting behaviors).  712 

 713 

Language other than English was the strongest explanatory factor of the difference between 714 

parent-reported and directly measured parenting behaviors. Families with a non-English 715 

speaking background tended to report lower scores on the directly measured videotaped 716 

observation, the IPCI, and higher scores on both the PVR and HAC. This may be attributable 717 

to potential acquiescence (i.e. consistently indicating positive responses). Acquiescence has 718 

been shown to vary cross-culturally, for example, strong cultural preferences to avoid 719 

uncertainty can lead to a tendency to select more extreme values (Smith, 2004). Findings may 720 

also reflect cultural differences in the frequency with which parents and children engage in 721 

the activities being measured (e.g. HAC: “telling stories to your child” or PVR: “playing 722 

peek-a-boo or hide-and-seek”). It is also possible that parents and children with a non-English 723 

speaking background felt less comfortable than native English speakers during the videotaped 724 

activities. Furthermore, these differences could be attributable to difficulties understanding 725 

the verbal instructions of the videotaped activities, or difficulties in coding parent utterances 726 

during these activities. Lastly, we acknowledge that parents’ English proficiency may vary to 727 

that of the child, particularly in early childhood when children have not yet been exposed to 728 

English in the school environment.  729 

 730 

The small proportion of variance explained by the socio-demographic factors for parenting 731 

behaviors suggests that other unmeasured factors may be responsible for differences between 732 

these measures. The current study was limited by the data collected in the two datasets 733 

analyzed; it is possible that other factors may have greater explanatory power than variables 734 

assessed in these studies. For example, the parent or child’s unique and subjective experience 735 

of the assessments, understanding of the task requirements or the questionnaire items, cultural 736 

factors affecting parent-child interactions, discomfort during the assessment, rapport with the 737 

assessor, experiences of fatigue or illness at the time of the assessment or external factors 738 

causing stress or distraction may have been more relevant predictors of agreement. Quantile 739 

regression analyses revealed that the associations between the socio-demographic factors and 740 

the difference scores remained stable across the quantiles of agreement. The only exception 741 

was the comparison between the parent-reported HAC and the directly measured videotaped 742 

observation, the IPCI. Greater discrepancy between these measures was associated with 743 

parents with a lower income. The five HAC items refer to everyday parent-child activities; 744 

however, many of these activities require resources such as books and toys, which may be 745 

less readily available for parents who have a very low income. Indeed, this link between 746 

families of a lower socio-economic status and the provision of a less stimulating home 747 

environment is well-established (e.g. Davis-Kean, 2005) 748 
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4.3 Implications  749 

This study provides evidence to guide the selection of appropriate measures for parents and 750 

their children aged 6-36 months. Method comparisons such as this are critical for supporting 751 

the collection of high data quality and the appropriate allocation of limited resources. Our 752 

data suggest that brief parent-reported measures of child language may be used with 753 

reasonable confidence for children up to three years of age. Particularly for children who are 754 

slow-to-talk, parent-reported measures may provide an accurate and cost-effective means of 755 

monitoring development over time. Findings indicate that agreement between measures of 756 

parenting behaviors is generally poorer than child language measures. Parenting behaviors 757 

can be difficult to accurately measure, given that social desirability can cause parents to 758 

consciously or unconsciously change the way they respond on parent-reported questionnaires 759 

(Law & Roy, 2008; Zaslow et al., 2006), or the way they behave during observations (Arney, 760 

2004). It is also conceivable that parents are more able to objectively report on their child’s 761 

language but are less objective when evaluating their own behaviors (e.g. parenting 762 

responsiveness). Despite this, the parent-reported Home Activities with Child measure 763 

showed relatively strong agreement with the direct videotaped observation, the Indicator of 764 

Parent-Child Interactions, with minimal proportional bias. This suggests that measuring the 765 

frequency of developmentally beneficial activities such as reading, story-telling, singing, or 766 

involving the child in everyday tasks at home, provides a valid indication of parents’ general 767 

level of engagement and responsiveness.  768 

 769 

When selecting measures, it is important to consider the purpose for which the data is being 770 

generated; a brief parent-reported measure of children’s expressive language or 771 

communicative development such as the Sure Start Language Measure, Communicative 772 

Development Inventory or Ages & Stages Questionnaire may be sufficient for large-scale 773 

studies where time and resources are limited and a large pool of data is required. Whereas a 774 

clinician making decisions about treatment options for a young child may be best to draw on 775 

both direct and parent-reported measures to ensure a comprehensive assessment.  776 

 777 

The study has significant implications for the analysis of method comparisons. We 778 

demonstrate how the Bland-Altman Method and RMA regression permit a comprehensive 779 

assessment of agreement across the distribution of scores. While correlational analyses 780 

reported here were comparable to those reported elsewhere for similar constructs, analyses 781 

using the Bland-Altman Method and RMA regression clearly show how correlations have the 782 

potential to be misleading. Correlations represent a single figure which summarizes a linear 783 

association across the spectrum of scores, whereas agreement may vary between higher and 784 

lower scores. The level of detail generated by these more comprehensive techniques is crucial 785 

for identifying groups of children or parents for whom one method may be sufficient (in the 786 

case of strong agreement), or for whom multiple methods or an agreed “gold standard” 787 

measure may be necessary (in the case of poor agreement).  788 

4.4 Strengths and limitations  789 

To our knowledge, this is the first study to apply the Bland-Altman Method to a comparison 790 

of parent-reported and directly measured behaviors. This technique permitted the 791 

identification of patterns of bias across the distribution of scores. As a result, we were able to 792 

identify groups of children or parents for whom multi-method administration may be 793 

necessary, or for whom one method of measurement may be permissible. Rarely used in non-794 

medical fields, the Bland-Altman method represents a relatively simple and visually 795 

appealing technique. The approach lends itself to other comparisons such as parent-, teacher-796 
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and child-report of the same questionnaire (e.g. Gabbe et al., 2010; Stolarova et al., 2014), or 797 

comparisons of the same measure across time points (e.g. Eadie et al., 2014). Another 798 

strength is the use of RMA regression to identify the magnitude of proportional bias between 799 

methods. Together, Bland-Altman and RMA regression plots represent powerful visuals for 800 

comparing measures which can be executed and interpreted with relative ease. The use of 801 

quantile regression analyses also allowed us to determine whether associations between 802 

socio-demographic factors and agreement varied across quantiles of agreement, which is not 803 

possible using standard ordinary least squares regression.  804 

 805 

We acknowledge that we were limited to the measures available within existing datasets, and 806 

therefore cannot presume agreement findings are generalizable to other measures of child 807 

language and parenting behaviors. Despite this, our measures are commonly used and well-808 

validated. It should be noted that the PLS-4 was only normed on US data at the time of data 809 

collection; no Australian norms were available. Data also pertained to a sample of toddlers 810 

identified as “slow-to-talk” at age 18 months, and another sample of families experiencing 811 

social disadvantage; different populations may yield different results. We also recognize that 812 

each of the measures used in this study will, naturally, capture slightly different aspects of 813 

child language or parental responsiveness. As with any method comparison, total agreement 814 

is not expected, nor is it feasible to strive for this; some degree of measurement error is 815 

inevitable (Bland & Altman, 1999). Regardless, method comparisons are critical for 816 

determining whether measures are potentially interchangeable, and may contribute to more 817 

effective allocation of limited resources and strengthened data quality.  818 

4.5 Future research  819 

We suggest that researchers consider applying these techniques to method comparisons of 820 

other commonly used early childhood language measures, such as Clinical Evaluation of 821 

Language Fundamentals (CELF), and with larger sample sizes where possible to ensure 822 

greater precision around the limits of agreement. Our future research will employ qualitative 823 

methodologies to determine how parents’ unique and subjective experiences of assessments 824 

may further explain and contextualize agreement findings. This is particularly important 825 

given that a broad range of socio-demographic factors explained little variability in the 826 

difference scores for a number of measures. It is possible that parents and children vary in 827 

their level of comfort when behaviors are being measured directly (i.e. videotaped 828 

observations or standardized assessments), especially for participants who are not native 829 

English speakers. Exploring this qualitatively could go some way to understanding agreement 830 

and supporting data collection methods which optimize the validity of parent and child data.  831 

4.6 Conclusions  832 

This study demonstrates how well-established statistical techniques from non-psychology 833 

disciplines can be applied to method comparisons in the field of psychology. The Bland-834 

Altman Method is a useful visual technique for detecting bias and for determining potential 835 

interchangeability between measurement methods, which can be used in combination with 836 

RMA regression to identify the presence of both fixed and proportional bias. Although we 837 

found correlations which were consistent with previous comparisons of child language and 838 

parenting behaviors, agreement varied substantially across the distribution of scores, 839 

demonstrating the need for these more comprehensive techniques. On the whole, poorer 840 

agreement was observed for children with average expressive language abilities, and stronger 841 

agreement was observed for children with very poor or more advanced language abilities. 842 

Slightly poorer agreement was observed between measures of parenting behaviors, with the 843 
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weakest agreement seen for parents of average responsiveness. As would be expected, 844 

stronger agreement was observed between comparisons of two parent-reported measures. 845 

Further research is required to determine agreement between other commonly used measures 846 

and how the participant experience may explain agreement between parent-reported and 847 

directly measured behaviors. We recommend that journal editors encourage the use of the 848 

Bland-Altman Method and RMA regression techniques and discourage the use of correlations 849 

for method comparisons.  850 
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Table 5. Adjusted analysis for Language for Learning difference scores and socio-demographic factors.  1073 

 1074 

 1075 

 1076 

 1077 

 1078 

 1079 

 1080 

 1081 

 1082 

 1083 

 1084 

 1085 

 1086 

 1087 

 1088 

 1089 

 1090 

 1091 

*excluded due to p>.1 at univariate level; LOTE=Language other than English.   1092 
 1093 
 1094 

 1095 

 1096 

 1097 

  1098 

 1099 

 1100 

 1101 

 1102 

 1103 

 1104 

 1105 

 1106 

 1107 

 ASQ vs. PLS-E SSLM vs. PLS-E ASQ vs. SSLM 

 Coeff

. 

p 95% CI Coeff. p 95% CI Coeff. p 95% CI 

Parent age (years) * * * * * * .03 .05 .00,  .05 

Child age (months) .23 <.001 .12,  .34 .35 <.001 .23, .46 -.13 .02 -.24,  -.02 

Child gender (female) * * * .18 .14 -.06, .42 * * * 

Single parent * * * .37 .24 -.24, .98 * * * 

Household unemployment * * * * * * -.20 .50 -.79, .38 

No higher education * * * * * * * * * 

Income          

        low vs. mid * * * -.22 .25 -.59,  .16 .27 .12 -.07, .61 

        low vs. high * * * -.33 .08 -.70,  .04 .38 .02 .06, .71 

SEIFA/100 (less 

disadvantage) 

-.23 .05 -.46,  .00 -.15 .22 -.39,  .09 * * * 

LOTE * * * * * * .29 .15 -.11, .69 

Difficult child temperament * * * * * * -.18 .02 -.33, -.03 

 R
2
 =.09 R

2
 = .19 R

2 
= .10 
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Table 6. Adjusted analysis for the Early Home Learning Study difference scores and socio-demographic factors (child language measures). 1108 

 1109 

 1110 

 1111 

 1112 

 1113 

 1114 

 1115 

 1116 

 1117 

 1118 

 1119 

 1120 
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 1122 

 1123 

 1124 

 1125 

 1126 

 1127 

*excluded due to p>.1 at univariate level; LOTE=Language other than English.   1128 

 1129 

 1130 

 1131 

 1132 

 1133 

 1134 

 1135 

 1136 

 1137 

 1138 

 1139 

 1140 

 1141 

 ASQ vs. ECI CDI vs ECI ASQ vs CDI 

 Coeff. p 95% CI Coeff. p 95% CI Coeff. p 95% CI 

Parent age (years) * * * * * * * * * 

Child age (months) -.09 <.001 -.12, -.06 -.07 <.001 -.10, -.04 * * * 

Child gender (female) .24 .24 -.16, .64 * * * * * * 

Single parent * * * * * * * * * 

Household unemployment * * * * * * * * * 

No higher education * * * * * * * * * 

Income 

low vs mid 

low vs high 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

SEIFA/100 (Less disadvantage)  * * * * * * * * * 

LOTE * * * * * * .31 .08 -.04, .66 

Difficult child temperament -.50 .05 -.99, -.01 -.51 .02 -.95, -.07 * * * 

High parenting self-efficacy .06 .63 -.18, .30 * * * * * * 

Poor health-related quality of life -.07 .54 -.29, .15 -.10 .34 -.31,  .11 * * * 

Greater psychological distress * * * * * * * * * 

 R
2
=.40   R

2
=.33   R

2
=.01   

Provisional
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Table 7. Adjusted analysis for the Early Home Learning Study difference scores and socio-demographic factors (parenting behavior measures). 1142 

*excluded due to p>.1 at univariate level; LOTE=Language other than English.   1143 

 PVR vs IPCI HAC vs IPCI PVR vs HAC 

 Coeff. p 95% CI Coeff. p 95% CI Coeff. p 95% CI 

Parent age (years) -.04 .07 -.08, .00 -.04 .02 -.08, .00 * * * 

Child age (months) -.01 .32 -.04, .01 * * * -.02 <.01 -.04, -.01 

Child gender (female) * * * -.47 .02 -.85,  -.09 * * * 

Single parent * * * * * * * * * 

Household unemployment  * * * * * * * * * 

No higher education .53 .01 .12, .93 * * * * * * 

Income 

low vs. mid 

low vs. high 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

 

* 

* 

SEIFA/100  * * * * * * * * * 

LOTE 1.23 <.001 .66, 1.79 1.09 <.001 .56,  1.62 * * * 

Difficult child temperament -.43 .11 -.96, .10 * * *  -.10 .59 -.46, .26 

Low parenting self-efficacy .17 .16 -.07, .40 * * * * * * 

Poor health-related quality of life * * * * * * * * * 

Greater psychological distress * * * * * * * * * 

 R
2
= .18   R

2
= .14   R

2
=.05   

Provisional
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