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a b s t r a c t 

This article presents a strategy for the initial step of data harmonization in Individual Participant Data syntheses, 

i.e., making decisions as to which measures operationalize the constructs of interest - and which do not. This 

step is vital in the process of data harmonization, because a study can only be as good as its measures. If the 

construct validity of the measures is in question, study results are questionable as well. Our proposed strategy for 

data harmonization consists of three steps. First, a unitary construct is defined based on the existing literature, 

preferably on the theoretical framework surrounding the construct. Second, the various instruments used to 

measure the construct are evaluated as operationalizations of this construct, and retained or excluded based 

on this evaluation. Third, the scores of the included measures are recoded on the same metric. We illustrate 

the use of this method with three example constructs focal to the Collaboration on Attachment Transmission 

Synthesis (CATS) study: parental sensitivity, child temperament, and social support. This process description may 

aid researchers in their data pooling studies, filling a gap in the literature on the first step of data harmonization. 

• Data harmonization in studies using combined datasets is of vital importance for the validity of the study 

results. 
• We have developed and illustrated a strategy on how to define a unitary construct and evaluate whether 

instruments are operationalizations of this construct as the initial step in the harmonization process. 
• This strategy is a transferable and reproducible method to apply to the data harmonization process. 

© 2022 The Author(s). Published by Elsevier B.V. 
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ethod details 

ackground 

In projects that pool individual participant data (IPD) for secondary data analysis, harmonization

f the variables that were measured across the various studies is a vital step to ensuring that

esearchers are not combining different constructs as if they were similar in their analyses. Although

here are many methods for harmonization currently described in the literature (e.g., [31 , 32 , 40] ),

hese methods primarily focus on the final step of harmonization: the restructuring of measurements

esulting from different instruments to measure a single construct in the same format. However,

 necessary condition for harmonization is that those measures must operationalize the same

nderlying construct. This harmonization is done on different levels, as measures could operationalize

ery similar constructs (e.g., different varieties of apples are all caught under the construct of ‘apple’),

ut measures could also operationalize constructs that are similar on a higher level (e.g., apples

nd oranges are both fruits). The process of harmonization includes decisions on the level on which

onstructs are harmonized, and which measures cannot be included on this level (e.g., potatoes are

ood, but not fruits, which is our level of interest: therefore potatoes are excluded). It is crucial to be

recise about this conceptual comparison of measurements, because the validity of study conclusions

epends on the validity of the constructs that are measured [24] . We have developed a strategy for

efining constructs and comparing measures in order to determine their common denominator as a

rst step in the harmonization process. This strategy combines a top-down approach to evaluating

he theoretical constructs underlying the measures and a bottom-up approach to evaluating measures

rior to the recoding of values or categories. In this paper, we outline this strategy and illustrate our

armonization of three constructs (parental sensitivity, child temperament, and social support) as part

f the Collaboration on Attachment Transmission Synthesis (CATS) project [64] . The CATS-project is

n IPD meta-analytic investigation focused on synthesizing the literature on the association between

arental state of mind regarding attachment and the child-parent attachment relationship. The CATS

atabase holds pooled data from a large number of studies on this association, as well as their

ata on demographics, psychological characteristics, and family functioning that were collected in the

riginal studies. The aim of the project is to examine the mechanisms behind, and the boundaries

f, the association between adult attachment state of mind and child-parent attachment relationship

uality by leveraging moderating and mediating variables. The variables of parental sensitivity, child

emperament, and social support figure centrally in the conceptual model guiding CATS as potential

ediators and moderators. 

 3-Step Strategy of IPD Data Harmonization 

1. Defining a unitary construct . This step represents the top-down strategy in our approach. In order

to harmonize each construct, we began by familiarizing ourselves with the theoretical framework

surrounding the construct by conducting a review of the existing literature. Our priority was on

handbooks, theoretical articles, position papers, round table discussions, and literature reviews,

although in absence of these, empirical papers were used as well. We mapped the theoretical

framework and evaluated whether one dominant framework or multiple frameworks existed. If

there was no consensus in the literature, we assessed whether there was overlap for parts of the

theory in the different frameworks by sifting through the theoretical dimensions and comparing

these across frameworks. If there appeared to be overlap, we examined whether the dimensions

in the different frameworks might be different names for the same underlying construct. We

specified the overlapping dimensions at the lowest possible order of abstraction to avoid losing

information, but used higher-order data if overlap could only be seen on a higher level (i.e., when

subdimensions differed between theoretical frameworks, but higher dimensions were similar, e.g.,

that apples and oranges are both fruits). 

It was sometimes necessary to go back and forth between this step and the second step (described

below) of evaluating the instruments used to measure the construct, because the availability of the

data also impacted decision-making in the first step. For instance, when all instruments providing
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data for our study were developed based on the same theoretical framework, it was not necessary

to assess the overlap with other theoretical frameworks. 

2. Evaluating the instruments used to measure the construct . This step represents the bottom-up 

strategy in our approach. For each of the instruments that were used to measure the construct

in our dataset, we determined its theoretical basis and which parts of the theory it measured.

If only part of the instrument was in line with the framework, only this part was retained. We

were again as detailed as possible by assessing which theoretical subdimensions were measured 

by which subscale or even item(s). However, this process was a balancing act between precision 

and availability. For example, we gave priority to including a less specific subscale if it led to a

substantial increase in the available data, for instance when another often-used instrument could 

only be harmonized on a higher level of abstraction. This way, we tried to include as much data

as possible with as high a convergent validity as possible. 

Sometimes, a construct is not related to any distinct theoretical framework. In such a 

case, we focused our conceptual comparison on the instruments to determine whether they 

measured the same construct. This was done by reading instrument manuals, validation articles, 

methods sections of empirical articles using the instruments, and review articles comparing the 

instruments. 

3. Recoding the scores . Once it was decided which (sub)scales or items could be retained based on

steps 1 and 2, the final step of the harmonization process was choosing a method for the recoding

of scores to the same metric based on the existing literature [31 , 32 , 40] . Previous harmonization

effort s often used z -scores, t -scores or category-centered scores for standardizing scores of 

different instruments [32] , but this approach was not feasible, due to the lack of population

norm scores for the instruments used to measure the constructs of interest. Standardization 

based on sample distributions would conflate mean level differences between study samples and 

individual variance (i.e., a score of 3 on caregiver sensitivity would get a positive z -score in a

sample with on average low levels of caregiver sensitivity and a negative z -score in a sample

with on average high levels of sensitivity). We therefore chose the simple calibration method 

[40] , which transforms continuous measures to operate on the same scale through a calibration 

model. Specific calibration models are described per construct below. We compared scale score 

descriptions between instruments and matched them between instruments. Likert scales were 

recalculated to the same metric as the ‘gold standard’ measure or, if there was no gold standard

measure, to the largest range used by any instrument measuring this construct. 

Illustrating the data harmonizing strategy 

Our three-step strategy for defining the unitary constructs and harmonizing the measures used to 

operationalize them for three central constructs in the CATS IPD database (parental sensitivity, child 

temperament, and social support) is illustrated below. Unique data harmonization challenges for all 

three constructs were encountered. As such, we also describe our mitigation approaches to overcome 

these challenges. 

Parental sensitivity 

Step 1 . We began by searching for literature reviews and meta-analyses on parental sensitivity, 

with a focus on papers that solely emphasized this construct and related constructs. Several meta- 

analyses [21 , 66] and literature reviews [43] were found. These all indicated that the term ‘parental

sensitivity’ derived from the theoretical framework of attachment theory. It was defined by Ainsworth, 

Bell, and Stayton [1] as “a parent’s ability to (1) notice child signals, (2) interpret these signals

correctly, and (3) respond to these signals promptly and appropriately”. The scale to score maternal 

sensitivity/insensitivity was part of the broader Maternal Care scales. It was designed to assess 

individual differences in parental (originally maternal) behaviors as a predictor of the quality of 

the mother-child attachment relationship. A key aspect of the scale is, in line with the definition,

appropriate responding, where appropriate meant that the distress of the child was effectively 

alleviated by the response of the parent. The construct of sensitivity was therefore meant as a

reciprocal process between the child and the parent, with the child signaling, the parent noticing, 
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nterpreting, and promptly responding, and then the child having his or her needs met. The framework

f attachment theory is the dominant framework for this concept. There are no further subdimensions,

ith sensitivity itself being a subscale of the Maternal Care scales [2] . 

Step 2 . Sensitivity was measured with eight different instruments across the individual studies

ncluded in the CATS IPD database: the original Ainsworth Sensitivity scale, Emotional Availability

cale (EAS 3rd and 4th edition; [9 , 10] ), Maternal Behavior Q-Sort (MBQS; [46] ), CARE-Index [17] ,

arent Child Observation Guide (PCOG; [8] ), NICHD Study of Early Child Care and Youth Development

SECCYD) sensitivity scales [45] , Infant Caregiving Scales [33] , and Coding Interactive Behavior (CIB;

23] ). The systematic review of focal measures of “sensitivity” by Mesman and Emmen [43] was

nstrumental in this step in terms of evaluating the fit between the instruments that were used

nd the construct of parental sensitivity. Specifically, the review by Mesman and Emmen compared

ommonly used observational instruments to assess parental sensitivity to the original Ainsworth

ensitivity scale. Five of the alternative instruments were included in the review (EAS [9,10] , MBQS

46] , CARE-Index [17] , NICHD SECCYD sensitivity scales [45] , and CIB [23] ) and these were all

eveloped with Ainsworth’s original sensitivity construct in mind. Most of the instruments have

 sensitivity subscale (as was the case for the original sensitivity scale as part of the Maternal

are scales) or a sensitivity composite score made up of several subscales. The MBQS [46] yields a

ingle sensitivity score as the only outcome of the instrument. The review by Mesman and Emmen

43] described the NICHD SECCYD sensitivity scales [45] and the MBQS [46] as the instruments

easuring sensitivity most similarly to the original construct definition. The other sensitivity scales

EAS [9,10] , CARE-Index [17] , and CIB [23] ) were slightly broader than the original Ainsworth

onstruct, as these included items on positive affect and warmth displayed by parents. Mesman

nd Emmen [43] concluded in their review that the instruments all include the main elements

f the original sensitivity scale devised by Ainsworth et al. [1] . However, it has also been noted

hat it is better to separately assess sensitivity and positive affect/warmth, because while expressing

armth is different among cultures, sensitivity as adequately responding is universal [1] . Studies also

how mixed results on the association between positive affect/warmth and parent-child attachment.

xcluding the items of the EAS [9,10] , Care-Index [17] , and CIB [23] referring to positive affect/warmth

as not possible in our dataset, because either these observational scales provided overall global

cores for sensitivity based on scale descriptions or because we did not have data on the item-

evel. We included the data from these instruments in the CATS dataset, because this makes it

ossible to perform sensitivity analyses with and without these data to assess if results are similar

etween the strict definition of sensitivity and the operationalization of sensitivity including positive

ffect and warmth. Performing sensitivity analyses keeps researcher degrees of freedom constrained.

urthermore, exclusion of these data would have led to the loss of over 500 parent-child dyads, which

akes the dataset less generalizable and statistically powerful. 

We next evaluated the two instruments that were not included in the review by Mesman and

mmen [43] : the Infant Caregiving Scales [36] and the Parent Child Observation Guide [9]. The

nfant Caregiving Scales were developed based on the descriptions of the Ainsworth Maternal Care

cales and a sensitivity subscale was derived from this measure with the help of expert judges. The

tems in the sensitivity subscale do not hold any reference to positive affect or warmth. Given the

verlap with the original sensitivity scale by Ainsworth et al. [1] , we included this instrument in

ur harmonized sensitivity construct. The Parent Child Observation Guide was developed as a parent-

hild interaction assessment instrument, which was not clearly grounded in the theoretical framework

f attachment and sensitivity as defined by Ainsworth et al. [1] . The instrument is used to assess

oth the parent’s and the child’s behavior by coding whether certain behaviors did or did not occur

uring the observation period. For parents, the items loaded on a sensitivity subscale or a teaching

ubscale that were both found to predict child cognitive and social competence [8] . Given the lack

f grounding in attachment theory, the event coding of behaviors without taking into consideration

he appropriateness of the responses that is vital to the Ainsworth sensitivity coding, and the lack of

ttachment as a reported outcome, we excluded this instrument from our sensitivity construct. 

Several studies have measured parental sensitivity on multiple occasions. If this was the case,

e used the data from the timepoint that was in between the measurements of our independent

nd dependent variable, so that parental sensitivity could be tested as a mediator variable. If
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Table 1 

Conversion formulas for parental sensitivity data. 

Likert-scale Which instruments? Conversion formula 

1-9 Ainsworth scale [2] , EAS 3rd edition [9] none 

1-4 NICHD SECCYD sensitivity scale, 15-month system [45] (score - 1) ∗ 2.67 + 1 

1-5 CIB [23] ; NICHD SECCYD sensitivity scale, 24-month system [45] (score - 1) ∗ 2 + 1 

1-7 EAS 4th edition [10] ; Infant Caregiving Scales [33] (score - 1) ∗ 1.33 + 1 

0-14 CARE Index [17] score ∗ 0.571 + 1 

Fig. 1. Distributions of parental sensitivity scores measured by Ainsworth scale (1a) and MBQS (1b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

multiple measurements were done within this timeframe, we prioritized conceptual similarity of the 

measurements to the Ainsworth sensitivity scale. If the same instrument was used at multiple eligible

timepoints, we chose the timepoint at which the data was most complete. If the data were equally

complete at multiple timepoints, we chose the timepoint that was closest to the ‘middle’ between the

measurements of the independent and dependent variable. 

Step 3 . Ainsworth et al. [2] were the first to conceptualize sensitive responsiveness and

operationalize this construct as an observer rating scale. As included in the Maternal Care scales, the

rating scale for sensitivity ranged from 1 to 9. This was used as a reference scale for the recoding of

the scores measured with other instruments. We recalculated scores on the other instruments with 

Likert-scales to 9-point scales using the arithmetic equivalents in Table 1 . 

The MBQS was measured on a continuum from -1 to 1 and therefore could not be recalculated in

this way. If we could assume that the same underlying construct of sensitivity was measured both

with the Ainsworth sensitivity scale and with the MBQS, as we argued in Step 2 of the harmonization

strategy, then the distribution of scores should also be similar between measures, at least if the

groups in which they were used were comparable. We therefore set out to compare the populations in

which the Ainsworth sensitivity scale and the MBQS were used, and the resulting score distributions. 

Results showed that the population in which the Ainsworth sensitivity scale was used was less 

often considered ‘at-risk’ (38%, N = 943) than the population in which the MBQS was used (51%,

N = 759). Populations were thus not entirely comparable, because one would expect lower sensitivity 

scores in at-risk populations. However, the histograms of each measure ( Fig. 1 a and b) showed that

the distribution of the MBQS was highly negatively skewed, whereas the scores on the Ainsworth 

sensitivity scale were relatively normally distributed. For all other instruments, distributions were 

(near) normal as well, making it plausible that ‘sensitivity’ as a construct is normally distributed, 

while the Q-sort method used in the MBQS left more room for the low end of the scale, thus leading

to a large tail in the distribution. We therefore ‘forced’ the distribution of the MBQS scores to look

similar to the distribution of the Ainsworth sensitivity scores by transforming the scores. 
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Fig. 2. Distributions of binned parental sensitivity scores. 
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Several transformation methods were employed and negative reciprocal transformation of the

cores (-1/score) proved most successful. Given that the scores of the Ainsworth sensitivity scale

ere on a scale from 1-9, we then proceeded with ‘binning’ the transformed MBQS scores (ranging

rom 0.4 to 1) in 8 equally wide bins ranging from 1.5 to 8.5. We did the same with the original

BQS scores and the Ainsworth scores, to facilitate comparison. Fig. 2 shows the distributions of

he binned scores. The transformed MBQS scores were a better fit to the Ainsworth distribution of

ensitivity scores than the untransformed scores. The distributions showed that the mean (5.85 and

.53, respectively), standard deviation (1.78 and 1.96, respectively) and the quartiles (4.5, 6.5, 7.5 and

.5, 5.5, 7.5, respectively) of the Ainsworth sensitivity scores and the transformed MBQS scores were

oughly the same, whereas this was not the case with the untransformed MBQS scores ( M = 6.93,

D = 1.87, quartiles are 6.5, 7.5, 8.5). This similarity justified harmonizing the MBQS using the bins

erived from the reciprocal transformation. 

As a final check, we performed sensitivity analyses to compare scores retrieved from strict and

roader operationalizations (i.e., including positive affect and warmth) of the parental sensitivity

onstruct. Specifically, scores derived from the Ainsworth scales, NICHD SECCYD sensitivity scale,

BQS, and Infant Caregiving Scales were compared to scores derived from the EAS, Care-Index and

IB. Given that we had no overlap in scores based on different instruments in each study, we could

ot use correlations between scores to assess their similarity. Furthermore, given that study samples

ere very diverse (i.e., ranging from normative samples to samples including parents with severe

ental health problems, and sampled from 10 different countries), descriptive statistics of scores

erived from the strict and broader operationalizations of parental sensitivity could not be directly

ompared either. We therefore examined the associations between two operationalizations of parental

ensitivity and the main outcome measure in the CATS study: child-parent attachment security

operationalized as secure/insecure). To compare odds ratios across categories of strict/broader

perationalizations, we tested for interactions between parental sensitivity scores and strict/broad

perationalization in a multilevel logistic regression model including attachment security as a

ependent variable and study as grouping variable. The results showed no significant interaction

ffect (OR = 0.99, p = .926), meaning that there was no empirical reason to differentiate between the

trict definition of sensitivity (OR = 1.24, 95% CI 1.14-1.35) from the operationalization of sensitivity

ncluding positive affect and warmth (OR = 1.24, 95% CI 1.08-1.44). These results justified the

armonization of both operationalizations of parental sensitivity as representing the same construct. 

hild temperament 

Step 1 . Our search started with the Handbook of Temperament [67] , a key source of information

bout temperament. The chapter on models of child temperament [42] distinguishes five theoretical

odels of child temperament: 

(1) the behavioral styles approach of Thomas and Chess, that focused on ‘the stylistic component of

behavior, that is, the how of behavior’ ( [27] , p. 508). They identified nine categories of behavior

(activity level, regularity, adaptability, approach-withdrawal, threshold of responsiveness,

intensity of reaction, quality of mood, distractibility, attention span) and three types of children

based on their temperamental characteristics (easy, difficult, and slow-to-warm-up). 
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(2) the criterial approach of Buss and Plomin, that defines temperament as “a set of inherited 

personality traits that appear early in life” ( [27] , p.508) This initially led to 4 temperamental

dimensions: Emotionality, Activity, Sociability, and Impulsivity. 

(3) the psychobiological approach of Rothbart, that sees temperament as “constitutionally based 

individual differences in reactivity and self-regulation, in the domains of affect, activity and 

attention” ( [53] , p.100). This approach has identified three broad dimensions of temperament: 

negative affect, surgency, and effortful control. 

(4) the emotion regulation model of Goldsmith and Campos, which defines temperament as 

“differences in the experience and expression of emotion, including their regulatory aspects”

( [28] , p. 2). It focuses on individual differences in the primary emotions, such as joy, interest,

sadness, anger, and fear. 

(5) the behavioral inhibition model of Kagan [35] , that focuses solely on behavioral inhibition, not 

on the other dimensions of temperament. Importantly, none of the data within our dataset were 

measured with instruments based on this approach. 

In a seminal roundtable with all originators of the theories except Kagan, the theorists agreed 

that activity level and emotionality were part of temperament, but consensus could not be reached 

for any other of the dimensions [27] . Each theoretical approach is accompanied by their own

instruments to assess temperament. During the decades after this roundtable, factor analytic work 

was done with these instruments to establish the structure of temperament, both in infancy [26 , 30]

and childhood (e.g., [29 , 42] ). In 2006, Rothbart, original theorist of the psychobiological approach,

and Bates, originator of the ICQ instrument based on the Thomas and Chess approach, co-authored 

a chapter on temperament. They drew two conclusions regarding the structure of temperament 

from the factor analytic studies: (1) that the “structure of temperament corresponds more to 

dimensions of reactivity than to a general style” (p. 104), meaning that temperament can differ across 

dimensions within a person, and (2) that there seem to be three (possibly four) broad factors of

child temperament: Surgency/Extraversion, Negative Emotionality, Effortful control/Task persistence, 

and possibly Agreeableness/Adaptability. 

With these four broad factors of temperament determined, we turned to our research questions to 

determine whether our focus should be on any temperament factors in particular. The CATS project 

aimed to examine the role of child temperament as a differential susceptibility factor (i.e., factor 

that makes some children more susceptible to their environment than others) of the association 

between parental sensitivity and parent-child attachment. Previous studies using temperament as 

differential susceptibility factor have focused mainly on the general factor of negative emotionality or 

more specifically on inhibition (fear) and irritability (anger), which are smaller aspects of this broad 

negative emotionality factor [62] . The meta-analysis by Slagt et al. [57] also showed that children

higher on negative emotionality were both more vulnerable to negative parenting as well as profiting 

from positive parenting during infancy. We therefore focused on this broad factor with the two 

subcomponents (i.e., fear and irritable distress). Focusing on two distinct subcomponents and one 

broad factor that combines the two allows for sensitivity analyses comparing the effects of these 

temperament operationalizations. For the purpose of the data harmonization, we define Negative 

emotionality as “a general tendency to experience negative emotions” [42] . 

Step 2 . Temperament was measured with 9 different instruments across the individual studies 

included in the CATS project: Infant Behavior Questionnaire (IBQ; [51] ), IBQ-Revised (IBQ-R; [26] ),

IBQ Very Short Form (IBQ-VSF; [49] ), Infant Characteristics Questionnaire (ICQ; [6] ), Behavioral Style

Questionnaire (BSQ; [41] , Early Childhood Behavior Questionnaire (ECBQ; [48] ), Childhood Behavior 

Questionnaire (CBQ; [54] ), Short Temperament Scale for Toddlers (STST; [47] ), Questionnari Italiani del

Temperamento (QUIT; [4] ), Emotionality Activity Sociability Temperament Survey for Children (EAS; 

[12] ). These instruments were derived from three different theoretical frameworks, see Table 2 below.

The IBQ variants [28,52,54] and the ICQ [6] are most commonly used in the CATS dataset (10 and

9 times, respectively), with all other instruments only being used in one study. We therefore first set

out to compare the subscales involved in the broad factor negative emotionality and the components 

of fear and irritable distress within the IBQ variants and the ICQ (see also Table 2 ). The IBQ [54]

stems from the Rothbart theoretical framework and assesses 6 subdimensions of infant temperament: 
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Table 2 

Comparison of temperament instruments in the CATS dataset. 

Instrument k studies / 

N 

participants 

Theoretical 

framework 

Scale ‘Negative emotionality’ Subscale ‘Fear’ Subscale ‘Irritable 

distress’ 

IBQ 7 / 738 Rothbart Negative Affectivity composite Fear / distress 

to novelty 

Distress to 

limitations 

IBQ-R 3 / 108 Rothbart Average score of Fear and 

Distress to limitations scale 

Fear Distress to 

limitations 

IBQ-VSF 1 / 200 Rothbart Negative emotionality - - 

ICQ 8 / 565 Thomas & 

Chess 

Average score of Unadaptable 

and Fussy-Difficult 

Unadaptable Fussy-Difficult 

BSQ 1 / 40 Thomas & 

Chess 

Average score of Approach and 

Mood 

Approach Mood 

ECBQ 1 / 67 Rothbart Average score of Fear/Shyness 

and Frustration 

Average score 

of Fear and 

Shyness 

Frustration 

CBQ 1 / 24 Rothbart Average score of Fear and 

Anger/Frustration 

Fear Anger/Frustration 

STST 1 / 104 Thomas & 

Chess 

Average score of Approach and 

Reactivity/Cooperation 

Approach Average score of 

Reactivity and 

Cooperation 

QUIT 1 / 40 Thomas & 

Chess 

Average score of Novelty 

inhibition and Negative 

emotionality 

Novelty 

inhibition 

Negative 

emotionality 

EAS 1 / 148 Buss & 

Plomin 

Average score of Shyness and 

Emotionality 

Shyness Emotionality 
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ctivity level, soothability, fear (sometimes called ‘distress to novelty’), distress to limitations, smiling

nd laughter, and duration of orienting. The subdimensions of ‘Fear’ and ‘Distress to limitations’ (i.e.,

rritable distress) together constitute a composite measure of “Negative affectivity” [52] , which reflects

egative emotionality as defined above. 

The revised version of the IBQ, the IBQ-R [26] , was expanded to include 14 subscales: approach,

ocal reactivity, high pleasure, smile/laughter, activity level, perceptual sensitivity, sadness, distress to

imitations, fear, falling reactivity/rate of recovery from distress, low pleasure, cuddliness, duration of

rienting, and soothability. The composite measure of “Negative affectivity” includes four subscales

Sadness, Distress to Limitations, Fear, and Falling Reactivity/Rate of Recovery from Distress) and was

hus too broad for our definition of negative emotionality. We therefore combined the subscales

Distress to limitations’ and ‘Fear’ to reflect negative emotionality as we defined it. The same subscales

ere used separately as measures of irritable distress and fear. 

The IBQ-VSF [52] has three subscales: negative emotionality, positive affectivity/sur gency, and

rienting/regulatory capacity. The “Negative emotionality” subscale reflects the broad dimension we

im for (although slightly broader as it also includes items included in the ‘Sadness’-scale of the IBQ-

), but this short questionnaire does not provide separate scale scores for fear or irritable distress.

herefore, we used this slightly broader subscale in our analyses. 

The ICQ [6], in line with the Thomas and Chess theoretical framework, assesses infant difficultness.

t has 4 subscales, namely ‘Fussy-difficult’, ‘Unadaptable’, ‘Dull’, and ‘Unpredictable’. The ‘Fussy-

ifficult’ subscale measures the general mood, intensity and frequency of fussing and crying, how

asily children are upset, and soothability. This subscale reflects the ‘irritable distress’ component of

egative emotionality. The ‘Unadaptable’ subscale measures reactions to novelty and disruptions and

daptation in general. This reflects the ‘fear’ component of negative emotionality. 

Comparing the content of the IBQ and ICQ subscales, the ICQ scales seem slightly broader. The

CQ Fussy-Difficult scale focuses on more general distress and includes soothability, whereas the IBQ

istress to Limitations scale limits itself to distress in episodes where the child is confronted with

estrictions. The ICQ Unadaptable scale focuses on more general adaptation, whereas the IBQ Fear

cale is mostly aimed at fear in novel situations. 
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Given that we do not have ICQ item-level data in the CATS dataset, we went ahead with these

subscales as reflecting the same underlying constructs of fear and irritable distress, but we will 

perform sensitivity analyses with the IBQ data and ICQ data separately to assess whether results are

similar with the narrow operationalization of the IBQ and the slightly broader operationalization of 

the ICQ. 

One study used both IBQ and ICQ to measure child temperament at the same timepoint. In this

case, we used the IBQ data, because this is slightly more in line with the dimension of Negative

emotionality and the subdimensions as mentioned in the theoretical framework. 

Six studies in the CATS dataset used other instruments than the IBQ and the ICQ, though mostly

from the same theoretical frameworks. Discussion to develop consensus about which instruments 

could and could not be harmonized took place between MLV and AH, after which these decisions

were discussed again with CS. The ECBQ [51] is a Rothbart measure with similar structure as the

IBQ, but for use with toddlers. It contains 18 subscales. The Frustration subscale is similar in content

to the Distress to limitations subscale in the IBQ. The Fear subscale seems to be more limited, as it

only includes inhibition/unease in situations of novelty and threat, but not in social situations. These 

situations seem to be captured in the Shyness subscale. Because these situations are included in the

IBQ and the ICQ, we chose to average the scores on the Fear and Shyness subscales to include as our

Fear component. The Negative Affectivity composite scale contains 8 subscales and is thus broader 

than the construct of our interest, we therefore combined the two components resembling Fear and 

Irritable distress to reflect our negative emotionality construct. 

The CBQ [58] is also a Rothbart measure with similar structure, designed for use with children

age 3 to 7 years. It has a Fear subscale and an Anger/Frustration subscale that assesses the same

construct as the Distress to limitations subscale in the IBQ [54] . The Shyness subscale is also present

in this measure, but, contrary to the factor analytic findings with the ECBQ, this subscale loaded on

the Surgency dimensions and not on the Negative Affectivity dimension [54] . We therefore chose to

use the Fear subscale without the Shyness subscale to best reflect our Fear component. The proposed

Negative Affectivity composite encompassed more subscales than the two of our interest, therefore we 

combined the subscales ‘Anger/Frustration’ and ‘Fear’ to reflect negative emotionality as we defined 

it. 

The STST [50] is an Australian adaptation of the Temperament Scale for Toddlers [25] , which

derives from the Thomas and Chess theoretical framework. It has six subscales: approach, reactivity, 

rhythmicity, cooperation, persistence, and distractibility. The ‘Approach’-subscale measures the child’s 

response to unfamiliar people and can be seen as similar to the Fear construct. The ‘Reactivity’-

subscale measures fussiness and frustration level when restricted, but also more general activity 

level. The ‘Cooperation’-subscale measures how upset the child gets during routine activities (e.g., 

waiting for food, brushing hair/teeth). Although these two subscales include two items on general 

activity level, and are thus slightly broader than the irritable distress component of temperament, we 

combined them for use in our study. 

The BSQ [44] is another temperament scale for use with older children. The 9 dimensions theorized

by Thomas and Chess form the basis for the subscales of the questionnaire. The subscale ‘Mood’

measures the tone of overall affect (positive or negative) and is thus slightly broader than the IBQ

subscale of distress to limitations to resemble the Irritable distress component of temperament. The 

subscale ‘Approach’ refers to the child’s response to the environment, similarly to the STST described 

above, and thus reflects the Fear component. 

The QUIT [4] is also derived from the framework of Thomas and Chess and has six subscales. The

‘Negative emotionality’ subscale describes the child’s tendency to express negative emotions, which is 

similar to the component of irritable distress. The subscale ‘Novelty inhibition’ describes the child’s 

tendency to respond with inhibition to novel stimuli, which reflects the component of fear. 

The EAS [14] is the only instrument derived from the theoretical framework of Buss and Plomin. It

contains four subscales (Emotionality, Activity, Sociability, and Impulsivity), one for each temperament 

dimension. The Emotionality subscale measures how easily the child gets upset or cries, which reflects 

the same underlying construct as the irritable distress component. The Shyness subscale measures 

social inhibition, which is similar to the Fear component, but limited to social situations (same as in

the IBQ). However, we decided to use this slightly narrower subscale in our analyses. 
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Table 3 

Conversion formulas for temperament data. 

Likert-scale Which instruments? Conversion formula 

1-7 ICQ [6], IBQ [54], IBQ-R [28], IBQ-VSF [52], ECBQ [51], CBQ [58] none 

1-6 BSQ [44], STST [50], QUIT [4] (score - 1) ∗ 1.2 + 1 

1-5 EAS [14] (score - 1) ∗ 1.5 + 1 
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One study used two instruments to measure temperament, the QUIT and the ITQ-R, which derive

rom the same theoretical framework. We ended up using the data collected with the QUIT, because

he ITQ-R data was available for less than half of the sample. 

As an assessment of the associations between subscales of these instruments, several studies have

sed multiple temperament instruments in one sample. One such study compared scales on the IBQ,

CQ, and RITQ ( [30] , as described in [53] ). It found that distress to novelty (which we defined as

inhibition/fear’) was assessed by all these instruments (IBQ Fear, ICQ Unadaptable, RITQ Approach-

ithdrawal scales). Intercorrelations were high: for mother average r = .64, for daycare teachers r = .63.

rritable distress was also measured by all instruments with the scales IBQ Distress to limitations, ICQ

ussy/Difficult, and RITQ Negative Mood (which includes positive mood at one pole) scales. Average

ntercorrelation for M was r = .54, for daycare teachers r = .71. 

Another study by Lemery et al. [39] used principal components analyses with different

uestionnaires and showed the existence of four composite temperament dimensions, among which

istress-anger and fear. For infants, IBQ Distress to limitations, ICQ Fussy, and ITQ Mood loaded on the

istress-anger component. IBQ Distress to Novelty (fear), ICQ Adaptability, and ITQ Approach loaded

n the fear component. For toddlers, the scales ICQ Difficult and BSQ Mood loaded on the distress-

nger component, whereas ICQ Adaptability and BSQ Approach loaded on the fear component. 

Mervielde & de Pauw [42] found clear correspondence between the scales EAS Emotionality and

TS Mood in early childhood ( r = .60) and between BSQ Adaptability/Mood, EAS Emotionality, and

BQ Negative Affect in middle childhood (range r = .48 to r = .54). This is in line with how we

tructured the ‘Irritable distress’ component. 

The results of these studies underline the overlap between the measures and support our choices

n the harmonization process. 

Step 3 . The IBQ and ICQ as most often used instruments measured temperament on a 7-point scale.

e chose to convert the scores on the other scales to a 7-point scale, also because this was the largest

cale in use (other instruments had 5- or 6-point Likert scales). Arithmetic equivalents can be found

n Table 3 . 

Data from two studies had to be excluded, because the available scores were not in line with the

ating scales of the instruments. One study used the ICQ, but had only ICQ dichotomous difficult vs

asy temperament categorizations. The other study used the BSQ, but scores ranged from 0-2 instead

f 1-6, and an explanation for these discrepancies could not be resolved. 

Finally, we performed sensitivity analyses for different operationalizations of negative emotionality.

irst, we examined the correlations between the broad factor of negative emotionality, and the smaller

ubcomponents of fear and irritable distress. The correlations between negative emotionality and fear

nd negative emotionality and irritable distress were high, both r = .83. However, the correlation

etween fear and irritable distress was r = .38, suggesting that these two subcomponents assess

verlapping as well as unique parts of the negative emotionality construct in the CATS dataset.

his indicates that results may differ depending on the choice of the subcomponent. Therefore in

ubsequent analyses we always performed analyses with the broad factor of negative emotionality as

ell as with the two subcomponents fear and irritable distress separately. 

As a second series of sensitivity analyses, we compared scores retrieved from the IBQ and the ICQ

n the subcomponents fear and irritable distress, because the operationalization of both scales was

lightly broader in the ICQ than in the IBQ (see above). To compare odds ratios across measures, we

ested in two separate analyses the interaction between fear and distress and IBQ/ICQ in a multilevel

ogistic regression model including attachment security as a dependent variable and study as grouping
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variable. For fear, the results showed no significant interaction effect (OR = 1.24, p = .174), meaning

that there was no empirical reason to differentiate between the IBQ (OR = 0.91, 95% CI 0.75, 1.11)

and the ICQ (OR = 1.08, 95% CI 0.87, 1.34). For distress, results did not show a significant interaction

effect either (OR = 0.95, p = .733), with ORs not differing between IBQ (OR = 1.03, 95% CI 0.84, 1.26)

and ICQ (OR = 0.96, 95% CI 0.77, 1.19). Given these results, it is justified to include fear and distress

derived from IBQ and ICQ as operationalizations of the same subcomponents. 

Social support 

Step 1 . In searching for a theoretical framework for the concept of social support, we found several

overview papers that described that social support is mostly used in research as a buffering factor

to health outcomes during stressful events [22 , 60 , 65] . In most of the empirical work that examines

effects of social support, it is not well-integrated with the research and theory on close relationships,

but measured with simple measures, such as ‘general satisfaction with support’ and ‘number of close 

contacts’. As such, the concept of social support as used in research in the field of developmental

psychology is not embedded in one theoretical framework; instead, researchers draw on different 

theoretical frameworks for the embedding of social support. For instance, some researchers link the 

importance of social support to attachment theory by stating that individuals seek proximity to close 

others in times of distress [22] , whereas other researchers link it to coping theory, social learning

theory, or attribution theory [65] . 

Not only does social support lack a unified theoretical framework, it also lacks agreement 

in its definition. A concept analysis identified 30 distinct definitions of the concept [65] . Social

support may be better viewed as a meta-construct that can be subdivided into distinct conceptual 

components, such as support network resources, supportive behavior, and subjective appraisal of 

support [63] . Support network resources are defined as the contacts a person regards as supporting

them. Supportive behavior refers to the specific behaviors that can be offered as support. Subjective 

appraisal of support is the subjective evaluation that a person makes about the support they receive

from their support network. Most studies focus on narrow operationalizations of social support, 

probably due to the complex nature of the concept. This often causes a focus on one of the three

conceptual components of support. Several studies have compared the valence of actual received 

support and the subjective appraisal of support (also termed perceived support or satisfaction with 

support) and found that perceived support was a better predictor of health outcomes than actual 

received support (e.g., [22 , 36 , 50 , 59] . Perceived support also seems to be more commonly measured

in studies, as reported by Feeney and Collins [22] , but also evident in the CATS dataset. We therefore

focused on satisfaction with support in the CATS study. 

In our search for theoretical framing and defining a unitary construct of social support, we learned

that two more distinctions are to be considered: sources of support and type of support. Regarding

the sources of support, we set out to review the literature on whether it mattered who provided

the support in the context of parenting. Distinctions can be made between partner, family, friends, 

acquaintances, professionals, and strangers, but comparisons are rarely made. It is suggested that 

support from close others is more influential than support from less familiar others [22] . A meta-

analysis examined the association between support by family (spouse or mother), support by a 

broader network (friends and community) and maternal interactions of adolescent mothers with their 

infants [14] . Analyses revealed similar medium-to-large effect sizes for support by family and support 

by a broader network. A study by Coan et al. [15] showed that adults who were subjected to a stressor

showed less brain activation in threat-related areas when holding their partner’s hand, and to a lesser

extent when holding hands with a stranger, compared to when alone. These findings are in line with

the premise of the Social Baseline Theory that the human brain assumes close proximity to a network

of familiar others and that this proximity to others diminishes stress responses in the brain [7] . We

therefore focused on support given by familiar persons, without differentiating any further. 

Finally, we sought literature on types of support given in the context of parenting. The research

distinguishing between types of support is scarce, but several types of support are mentioned 

(with slightly varying terms): emotional support, informational support, material support, and 

appraisal support [3 , 11 , 37] . All types of support had significant negative correlations with post-partum

depression in first-time mothers [37] , and emotional support, informational support, and material 
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upport were positively associated with parenting competence and parenting satisfaction in African-

merican teenage mothers [11] . A meta-analysis on the association between social support types and

aternal behaviors and attitudes showed similar (moderate) effect sizes for each type of support [3] .

ll types of support appear to be equally important. Our harmonization thus focused on satisfaction

ith support by familiar persons, not making distinctions between types of support provided. 

Step 2 . Social support was measured with 14 different instruments across the individual

tudies included in the CATS project: Who Does What questionnaire (WDW; [16] ), Social Support

uestionnaire (SSQ; [56] ), short form of the SSQ (SSQ6; [55] ), Social Support Questionnaire (SSQ;

38] ), Multidimensional Scale for Perceived Social Support (MSPSS; [68] ), Social Provisions Scale (SPS;

20] ), Dyadic Adjustment Scale (DAS; [58] ), Secure Base Scoring System (SBSS; [19] ), Family and

riends questionnaire [34] , support and stress questionnaire [61] , two satisfaction items [5] , emotional

upport scale [13] , observational assessment of co-parenting and spousal support [44] social support

nterview [18] . 

Instruments were all used in one or two studies. Given that there was not one or two instruments

hat were more common than other instruments, we compared each instrument to the criterion of

easuring satisfaction with support by familiar persons. 

Six instruments were explicitly focused on measuring satisfaction with support. The WDW [18]

sks participants questions about the task divisions in three domains of family life, namely household

asks, family decisions, and childcare responsibilities. For each domain, questions are asked about

ow the task division is, how the ideal task division would be and how satisfied the participants

ere with the task division. The satisfaction items together formed a satisfaction scale, measured

n a 5-point scale from very dissatisfied to very satisfied. The original SSQ [56] contains 27 items

sking who a participant can count on for support. After each item, participants rate on a 6-point

cale how very satisfied to very dissatisfied they are with the total support provided. The satisfaction

tems are averaged to obtain a total satisfaction score. The 6-item short form of the SSQ, the SSQ6

59], has a similar structure, but with only 6 items. The SSQ developed by Leerkes and Crockenberg

38] has only 4 items and was designed to assess satisfaction with support by partners and others

n several domains related to parenting. Satisfaction was measured on a 5-point scale ranging from

ery dissatisfied to very satisfied. We averaged the score to obtain a total satisfaction score. The

upport and stress questionnaire [66] consists of 15 items that present potential sources of support.

articipants were asked whether they receive support from these sources. If so, participants filled out

heir satisfaction with the support from this source on a 5-point scale ranging from not satisfied

o very satisfied. Satisfaction scores were averaged to obtain a total satisfaction score. The two

atisfaction items used in the Bailey et al. study [5] measured satisfaction with support from the

aby’s father and current partner and satisfaction with support from parents and others. The 7-point

cale ranged from not satisfied to very satisfied, and was averaged to obtain a total satisfaction score.

Two instruments were not developed to operationalize satisfaction with support, but a rational

nterpretation identifies the items as belonging to the universe of satisfaction with support. The MSPSS

74] consists of 12 items measuring the perceptions of social support by family, friends, and significant

thers. The items do not ask directly for the satisfaction with the provided support, but they aim to

ssess the perceived quality of support, e.g. “I get the emotional help and support I need from my

amily”. We therefore included the measure in our harmonization. The 7-point scale ranged from

ery strongly disagree to very strongly agree, and was averaged to obtain a total satisfaction score.

he emotional support scale [15] was used for coding the quality and the extent of social support

vailable to mothers based on interview questions. Interview questions were about the satisfaction

ith support and the consistency and quality of help given to the mothers. The measure was thus

ot aimed solely at measuring satisfaction with support, but it was prominently included in the

nterview questions, thus we included the measure in our harmonization. The emotional support scale

as double-coded by trained coders on a 7-point scale, ranging from almost non-existent to excellent.

The other six instruments were excluded because these did not measure satisfaction with support.

wo instruments, the SPS ([22]; 24 items on 6 subscales) and the Family and Friends questionnaire

[37]; 15 items), were excluded because the formulation of the items (e.g., ‘There are people I can

epend on to help me if I really need it’) was more indicative of whether there was a support

etwork (i.e., quantity) than of how satisfied the participant was with the support provided. Two other
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Table 4 

Conversion formulas for social support data. 

Likert-scale Which instruments? Conversion formula 

1-7 Emotional support scale [15], two satisfaction items [5], MSPSS [74] none 

1-6 SSQ [60], SSQ6 [59] (score - 1) ∗ 1.2 + 1 

1-5 WDW [18], SSQ [41], support and stress questionnaire [66] (score - 1) ∗ 1.5 + 1 

 

 

 

 

 

 

 

 

 

 

 

 

instruments, the SBSS [21] and the observational assessment of co-parenting and spousal support 

[44] were observational measures of support rated by independent observers. As such, these measured 

whether support was given and not perceived satisfaction with support. Furthermore, the DAS [63] 

measured dyadic adjustment of the couple and was therefore more a measure of relationship quality 

than of more general social support. Finally, the social support interview [20] asks about sources 

of support within the family and outside of the family. This instrument is aimed at measuring the

quantity of support and was therefore excluded from the harmonization. 

Step 3 . Before deciding what scale to recode the scores to, we discussed whether the descriptions

of the scale values all covered the same continuum of dissatisfaction to satisfaction with support. 

These descriptions varied from very dissatisfied to very satisfied (or vice versa), from very strongly 

disagree to very strongly agree, from not satisfied to very satisfied, and from almost non-existent to

excellent (quality of support). First, we discussed how to compare the scale of disagree/agree with 

the scale of dissatisfied to satisfied. The disagree/agree answers were answers to questions regarding 

satisfaction, thus meaning ‘agree with satisfied’, which can be seen as similar to answering ‘satisfied’ 

to a question on the level of satisfaction. In a similar vein, the scale ranging from almost non-existent

to excellent answered questions about the perceived quality of support, which was therefore also 

comparable to the continuum from dissatisfied to satisfied. Furthermore, ‘not satisfied’ on the lower 

end of a ‘not satisfied to very satisfied’-scale cannot compare to the statement ‘not dissatisfied/not

satisfied’ as the neutral midpoint of a scale spanning the continuum from very dissatisfied to very

satisfied. We thought it more likely that someone answering ‘not satisfied’ on the first scale, would

answer at least ‘dissatisfied’ on the latter scale. We therefore decided that these various descriptions 

could all be considered to be on the same continuum. 

We recoded scale scores to the scale with the largest score span (7 points), given that there was

not one predominantly used scale. Arithmetic equivalents can be found in Table 4 . 

Conclusion 

This article illustrated the detailed strategies involved when harmonizing datasets in IPD syntheses. 

This initial step of defining a unitary construct and evaluating whether measurements derived from 

different instruments are operationalizations of this construct is crucial to ensure the validity of 

the measured constructs, and thus for the validity of study conclusions [24] . The paper provides

researchers with an aid for conducting data pooling of studies, while also filling a gap in the literature

on data harmonization. We recommend using the strategies provided herein, along with existing 

articles focused on the restructuring of measurements from different instruments into the same 

format (i.e., the final step in the data synthesis process) to effectively and accurately derive an IPD

dataset for analysis. 
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