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Abstract

The Temperament in Middle Childhood Questionnaire (TMCQ) is one of a family of instruments
representing one of the major conceptual models of child temperament. The present study reports
new psychometric information on the TMCQ using a larger sample than in prior factor analytic
studies of this instrument. Data from parent ratings of 1,418 children were utilized. The sample
of community volunteers included 697 typically developing youth and 721 defined by research
diagnostic procedures as having attention-deficit-hyperactivity disorder (ADHD). Results failed to
support the original proposed structure of the TMCQ, but found support for a structure with 12
subscales that confirmed a substantial portion of the lower order factor structure. However, the
intended 3-factor higher order structure was not able to be fully recovered. Two-group invariance
was supported in the final model, supporting use in studies of typical and atypical development.
In conclusion, with some modifications the TMCQ remains a useful research measure at the
lower order factor level. The validity of the higher order structure is less clear, likely due to
measure-specific limitations, and suggests a need for some refinement to the measure.
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Questionnaire-based assessment of child temperament has emerged as a cost effective
yet powerful tool in developmental, neuroscience, and psychopathology research as a
complement to observational measures. Leading conceptual models and methods have
grown to parallel the questionnaire assessment of adult personality. However, child
temperament questionnaires are sometimes less well-developed in terms of both content
validity and clarity of factor structure than comparable adult or child personality scale
measures (Shiner, Soto, & De Fruyt, 2021).

One of the most venerable and theoretically sophisticated sets of ratings-based child
temperament measures has derived from the laboratory of Mary Rothbart and colleagues.
Her team developed a series of measures designed for different developmental periods:
the Infant Behavior Questionnaire (IBQ; Rothbart, 1981), Child Behavior Questionnaire
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(CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001), Temperament in Middle Childhood
Questionnaire (TMCQ); Simonds & Rothbart, 2004), and Early Adolescent Temperament
Questionnaire (EATQ; Capaldi and Rothbart, 1992). These measures and the model they
are based on are widely used and considered one of the major contemporary models of
temperament (Mervielde & De Pauw, 2012). They followed a sophisticated developmental
theory and were developed in a rational process, with conceptually relevant items created
and tested, factor analytic evaluation in small demonstration samples, and model-based
organization (Rothbart, 2011). All were intended to reflect the same underlying regulation-
reactivity model of temperament with three or four higher order factors, but varying numbers
of lower order scales. The set of measures and the theory and model behind them also
enjoy rich linkage to animal and neuroscience research (Posner & Rothbart, 2018), adding
to their value for inferences ranging from basic to translational studies of development and
psychopathology.

However, concerns have been raised about the psychometric properties of these measures,
particularly those designed to assess temperament in middle childhood such as the TMCQ
(Kotelnikova, Olino, Klein, Mackrell, & Hayden, 2017; Nystrom & Bengtsson, 2017). One
issue has been the lack of formal measurement modeling for construct validity during the
scale development process. Another is that previous investigations relied on small sample
sizes to validate the model, rendering it difficult to be confident of the reproducibility of
scale reliability as well as lower and higher order factor structure in larger samples.

The TMCQ

Our focus on the TMCQ in particular, due to its importance for studies of development and
psychopathology in middle childhood, the peak years of onset for common psychopathology
and a critical period for child development (Shiner, 2021), and the shortage of validation
studies of it. The TMCQ has been used for multiple studies of cognitive, personality, and
neural development (Affrunti, Geronimi, & Woodruff-Borden, 2014; Affrunti & Woodruff-
Borden, 2015; Ato, Ferndndez-Vilar, & Galian, 2020; Inuggi et al., 2014) as well as
developmental psychopathology (Karalunas, Gustafsson, Fair, Musser, & Nigg, 2019;
Kotelnikova, Mackrell, Jordan, & Hayden, 2015; Kotelnikova et al., 2017; Nigg et al., 2020;
Rutter & Arnett, 2020). The TMCQ is designed to evaluate temperament in the regulation-
reactivity model from ages 7-10, although there is evidence that such questionnaires can

be used and are used outside their originally intended age ranges (Soto & John, 2014) and
can be completed by adult raters or by self-report (Simonds & Rothbart, 2004, 2009). It
was initially described as containing 17 scales capturing lower order developmental traits,
of which 13 were derived quite closely from the original CBQ and four were added to
reflect the growing capabilities of developing children in this age range along with new
items written specifically to capture temperament traits in middle childhood as well as items
adapted from the Hampton Individual Differences Questionnaire (Baker & Victor, 2001),
Childhood Temperament and Personality Questionnaire (CTPQ; Victor, Rothbart, & Baker
(2003) and the Berkeley Puppet Interview self-report version of the CBQ (CBQ-BPI; Ablow
& Measelle (1993). With regard to its psychometric validity, Simonds and Rothbart (2004)
evaluated 95 typically developing children by parent report, and reported satisfactory scale
reliability data for 15 of the scales. Simonds (2006) noted that only 141 items were retained
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to achieve scale reliability, and Simonds and Rothbart (2009) suggested that the Activation
Control scale is experimental. All of this left an option for 14, 15, or 17 subscales. It

was hypothesized by those authors that the subscales form a superordinate structure of
three higher order factors: Surgency, Negative Affectivity, and Effortful Control. A fourth
factor for Affiliativeness or Affiliation was also suggested, but never formally investigated
(Simonds & Rothbart, 2004).

Nystrom and Bengtsson (2017) undertook an analysis to test the hypothesis of three
superordinate factors, in 157 typically developing children aged 7-11 from Sweden.

They accepted at face value the recommended 14 subscales (Simonds & Rothbart, 2009)
and attempted to fit them in a CFA to a 3-factor solution (Effortful Control, Surgency,
Negative Affect). Although their results did not support a completely distinct factor solution,
allowing scale cross-loadings onto higher order factors, yielded a generally acceptable three-
factor solution. The solution included cross-loadings from Activating Control, Attentional
Focusing, and Inhibitory Control onto Negative Affect; a cross-loading from Impulsivity
onto Effortful Control; and cross-loadings from Attentional Focusing and Inhibitory Control
onto Surgency.

More recently, Lipska et al. (2021) undertook a similar effort to that of Nystrom and
Bengtsson (2017) with responses collected from parent ratings of 189 children aged 7-10
in Poland. Using a dimension reduction procedure from network psychometrics known as
exploratory graph analysis (Golino et al., 2020), they identified a modified solution with
16 scales that yielded a three-factor higher order solution in 68 out of 100 bootstrapped
solutions (with Shyness excluded). Subscales represented theorized higher order factors
in some iterations of the model. Across all iterations, however, support for the theorized
higher order structure was dimensionally instable: Effortful Control was the most reliably
represented by Low Intensity Pleasure and Perceptual Sensitivity; Negative Affectivity by
Anger, Sadness, and Reversed Soothability along with Fear and Discomfort in 98 out of
100 solutions. Constructs traditionally understood to load on Surgency loaded in some
resamples, but no clear pattern of loadings emerged across all solutions. They also compared
their EGA findings with a traditional parallel analysis, which supported a three-factor
solution.

The only previous item-level factor analysis of the TMCQ was reported by Kotelnikova

et al. (2017) in a convenience sample of 654 typically-developing 9-year-old children in
Canada and the United States. Their results suggested that 92 of the items loaded on 13
interpretable factors. However, they concluded that many of their identified factors did

not resemble one of the original scales proposed. They also investigated the proposed
higher order factor structure and were unable to confirm the hypothesized 3 factor solution
using their 13 factors; proposing instead a three-factor solution of Impulsivity/Negative
Affectivity, Negative Affectivity, and Openness/Assertiveness based on their new 13 scales.
Importantly, Effortful control and Extraversion/Surgency were not clearly represented. The
striking contrast between their results and others suggested a significant ongoing need

for further examination and evaluation of the item-level and higher order structure of the
instrument.
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What is the Factor Structure of the TMCQ?

The aforementioned studies raise doubts about the construct validity and appropriate factor
structure of TMCQ as initially proposed, yet this literature also suggests that some elements
of the instrument produce robust scales. While it could be that the TMCQ requires revision
to achieve its theoretical intent, only a limited number of factor structures have been
explored in previous research. Rothbart (2011) conceptual model of temperament implies

a higher order structure where the items are to load onto first order latent variables, which in
turn load on higher order latent variables, but this hypothesis also has never been formally
tested. Another caveat is that the final models in previous research included cross-loadings
on the first or second order factor solutions. Given the substantial length of the TMCQ as
well as the number of first and second order factors and the conceptual overlap of the scales
in relation to the hypothesized higher order factors, this is unsurprising. For instance, two
prior psychometric investigations (Kotelnikova et al., 2017; Nystrom & Bengtsson, 2017)
found a strong association between items expected to load on distinct factors of anger

and sadness, yet both scales are hypothesized as components of negative affectivity either
directly or via correlated residuals. Thus, like many personality measures (such as the Big
Five; Marsh et al. (2010), the factor structure of the TMCQ may be substantially complex
perhaps requiring a robust examination of the factor structure from multiple modeling
perspectives.

Current Study

Methods

Participants

The purpose of the current study then was to conduct a comprehensive re-evaluation of
item-level and higher-order factor structures of the TMCQ, to refine a factor structure that
is largely guided by theory, and to further extend information on the factor structure to

a child psychopathology sample. Like Kotelnikova et al. (2017), we used a convenience
sample of typically developing, community recruited volunteers (albeit extensively screened
for normal range 1Q and psychopathology status and entirely from the United States).

We systematically evaluated a series of models. We first tested competing models to
attempt to replicate some prior proposals; then determined the best solution in the present
data set. Novel here are (1) the inclusion of a similar sized sample, from the same
community of children, with attention-deficit / hyperactivity disorder (ADHD) to determine
generalizability in an atypically developing and commonly studied sample and (2) the
application of a modeling framework that explicitly accounts for a substantially complex
theoretical structure.

The sample included 1,418 children ranging in age from 6.9 to 13.8 years of age (81% of
the sample was aged 7-10 years. We also report sensitivity analyses in the supplementary
material using strict age parameters, but in view of the fact that such instruments tend to
be sometimes used outside the theorized age range, we proceeded to report on the full
sample.) The youth were part of a larger study of development (Karalunas et al., 2014;
Nigg et al., 2020). The sample used here comprised 721 children with ADHD and 697
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typically developing children without ADHD; in both groups other psychopathology was
free to vary with limited exclusions noted below. Thus, it provided both (a) a reasonable
sized sample of typically developing children similar to Kotelnikova et al. (2017) and (b) a
similar sized sample of children with a common developmental psychopathology for which
relations to temperament are of considerable interest. Tests of multiple group invariance
justified reporting full sample solutions. Overall, the sample provides both the largest factor
analyzed sample on the TMCQ to date, and data on generalizability across typical and
atypical development.

Sample Ascertainment and Description

Data were collected at the baseline of an ongoing longitudinal developmental study. This
study was approved by institutional IRB. Volunteers were recruited from the community via
mass mailings, using commercial mailing lists, to all families with children in the target
age range within the geographic radius of 50 miles from a university located in the Pacific
Northwest. One set of mailings requested volunteers with children with possible or definite
ADHD; a second set for those with generally healthy, typically developing children with
no history of identified learning or attention problems. In response to mailings to parents
of all children in the target age range in the intended catchment area, we received 7=

2144 inquiries (Based on number of mailings and estimated base rate of ADHD of 5%, this
yielded an estimated response rate of about 1% for non-ADHD participants and about 30%
for ADHD participants). An initial screening phone call served to establish eligibility and
interest. Nearly half were ruled out at this stage due to long acting psychiatric medications,
exclusionary medical conditions, or lack of interest. Those excluded did not differ reliably
from the final sample on sex ratio (p =.11) or race (p =.22), but were marginally lower
income (0 =.06) and slightly younger (o =.06).

The remaining participants (7= 1449) completed extensive structured interview and
multi-informant questionnaire data to ascertain ADHD and non-ADHD assignments, other
psychopathology, and eligibility for other studies conducted with this cohort. A primary
caregiver completed the TMCQ at this visit. Children were excluded at this second

stage if the assessment identified a history of non-febrile seizure, head injury with loss

of consciousness (> 60 seconds), diagnosis of autism spectrum disorder or intellectual
disability, or other major medical conditions that had been missed at the initial screen. This
resulted in the final /7 of 1418. Table 1 provides description of the sample as well as of the
two subgroups.

Temperament in Middle Childhood Questionnaire (TMCQ)

As noted, the TMCQ was developed by Simonds and Rothbart (2004) as an extension of the
Child Behavior Checklist (CBQ), designed for young children, to now assess children aged
7-10 years. The parent rated form was studied here. It included 157 items rated on a 5-point
Likert scale and designed to assess 17 traits: Activation Control, Activity, Affiliativeness,
Anger, Fear, High Intensity Pleasure [HIP], Impulsivity, Inhibition, Sadness, Shyness,
Soothability, Assertiveness, Attentional Focus, Low Intensity Pleasure [LIP], Perceptiveness,
Discomfort, and Openness. Fourteen of these 17 lower order scales (13 derived from the
CBQ plus activation control) were combined to produce three higher order factors: Effortful
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Control, Negative Affectivity, and Surgency; Simonds & Rothbart, 2009). However, in view
of the goal of clarifying factor structure and following the only prior item-level analysis of
this instrument (Kotelnikova et al., 2017), all 157 items and all 17 scales were included in
the current report.

Analysis Plan

The plan for analysis was to establish construct validity by subjecting the data to the
hypothesized 17 scale TMCQ structure initially proposed by Rothbart and colleagues
(Simonds & Rothbart, 2009). While we planned to investigated alternative solutions using
exploratory (EFA) and confirmatory factor analysis (CFA) as needed, our principal method
was exploratory structural equation modeling (ESEM; Asparouhov & Muthén, 2009). ESEM
is well-suited to the expectation of cross-loaded models by representing complex factor
structures by combining features of EFA and CFA models while evaluating models in

a full structure equation framework (Marsh, Morin, Parker, & Kaur, 2014). ESEM can
estimate factors a priori, like a traditional CFA, but allows for indicators to load on all

latent variables in a rotated solution. The advantage to such an approach is the ability to
model solutions where well-defined simple structures may rely on small, but meaningful
cross-loadings among the factors, which the prior TMCQ literature already consistently
indicated is necessary. Indeed, many self-report measures contain distinct yet interrelated
constructs (Marsh et al., 2014). ESEM has been utilized successfully to represent complex
factor structures in personality (Marsh et al., 2010; Ng, Cao, Marsh, Tay, & Seligman, 2017)
and developmental research (Marsh, Nagengast, & Morin, 2013).

Analyses for factor analytic models were conducted in Mplus version 8.7 (Muthén &
Muthén, 1998-2017) using the complex command to account for family-level clustering
(that is, 239 sibling pairs in the sample). Missingness on item level TMCQ data (< 5%

of item level responses) was handled with full information maximum likelihood. Models
were evaluated using the full sample as well as both the ADHD and typically developing
subsamples separately. For all ESEM models, a geomin rotation was employed (Morin,
Marsh, & Nagengast, 2013) with 100 random starts (Hattori, Zhang, & Preacher, 2017).
Determination of fit relied on combination rules previously established via simulation
studies. These were: the comparative fit index (CFI) = 0.90, Tucker Lewis index (TLI) =
0.90, root mean square error of approximation (RMSEA) < 0.08, but preferably < 0.05,

and standardized root mean-square residual (SRMR) < 0.08 (Hu & Bentler, 1999). We
included the chi-square model test, but because significance level depends on sample size,
models were not evaluated solely based on it. For all models, correlated errors (residuals)
were allowed on a limited basis: for items loading on the same scale and with similar item
wording and content based on the consensus among the authors (e.g., “Tends to say the first
thing that comes to mind, without stopping to think about it” (item 16); “Says the first thing
that comes to mind” (item 25). Workflow occurred in three phases as described next.

Phase 1: Tests of A Priori or Previously Proposed Factor Structures—We began
by thoroughly evaluating prior models using CFA and ESEM. We first thoroughly evaluated
the theoretical model (Simonds & Rothbart, 2004) as follows, using scoring criteria made
available by Simonds and Rothbart (2009): (M1) higher order CFA with item level indicators
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on latent first order factors, in turn loading onto latent second order factors to test the overall
theorized structure; (M2) first order CFA to test the lower order structure only; (M3) A
second order CFA using all a priori lower order scales to test the higher order structure

only; (M4) first order ESEM with item indicators only to test for a complex structure in the
proposed lower order structure; (M5) second order ESEM with all scale level indicators only
complex structure in the proposed higher order structure.

We then moved to replication tests of lower order data-driven solutions beginning with
Kotelnikova et al (2017), which we labeled supplemental due to their lack of theoretical
basis. Here, we tested four models: (SM1) a CFA and (SM2) a geomin rotated ESEM of
their 13 first order factors; (SM3) a CFA of their three second order factors; (SM4) a geomin
rotated ESEM of their second order factors (2017). We then tested a higher order 3 factor
solution from Nystrom and Bengtsson (2017) using a CFA that accepted their cross-loaded
structure and specified correlated residuals (SM5). Finally, we evaluated results reported by
Lipska et al. (2021). Here, we followed guidelines proposed by Golino et al. (2020) using
the EGAnet package (v. 1.10; Golino & Christensen (2022) in R (v. 4.3.1; R-CoreTeam,
2022) verifying the fit of the model by re-expressing it as a CFA (SM6; Christensen, Gross,
Golino, Silvia, & Kwapil, 2019). Results of these replication attempts were not intended to
constrain our exploration of a theoretically aligned structure that would be applicable across
typical and atypical populations.

Phase 2: Exploration of a Theoretically Aligned Structure—In this phase, a

new item-level EFA initially to determine whether it could recover factors related to the
theoretical articulation of the TMCQ. We conducted sensitivity analysis by varying the

type of oblique rotations to ensure that any our proposed result would not be excessively
method-dependent. For factor retention, we utilized parallel analysis that we compared

to complex EFA models using the maximum likelihood in addition to considering model

fit. We required a minimum standardized factor loading of 0.40 and allowed a maximum
cross-loading of 0.30 for each model to consider a factor valid. For the retained factor
model, we then evaluated each factor’s internal consistency using both Cronbach’s alpha
and McDonald’s omega with the jmv package (v. 2.0; Selker, Love, Dropmann, and Moreno
(2021) in R (v. 4.3.1; R-CoreTeam, 2022). Once factors were deemed reasonably reliable,
the revised (shortened) item list was subjected to CFA to challenge our hypothesis that cross
loadings are necessary. We then moved to the primary ESEM model to address the expected
model complexity. In a sensitivity analysis, the final lower order model was bootstrapped to
evaluate likely generalizability. Factors recovered in the first order solution were entered into
an ESEM model to fit a second order solution aimed at higher order factors as theorized.

Phase 3: Measurement Invariance—Models that were theoretically sound with
adequate statistical fit were then subjected to measurement invariance testing across the
ADHD and community control subsamples. For each possible solution, we began by fitting
a multiple group model and then placing increasing invariance restrictions on the factor
loadings and intercepts known as configural, metric, and scalar invariance (Chen, 2007;
Putnick & Bornstein, 2016). In configural (weak) invariance, items are constrained to load
on the same factors between groups. In metric invariance, items loadings are constrained to
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be equivilent among the groups. In scalar (strong) invariance, item intercepts are constrained
to be equivilent across groups. Models that continue to fit the data according to the above
statistical fit criteria under increasing restriction and did not vary as restricts increase beyond
previously established cutoffs (ACFI < .01, ARMSEA < .015) were retained as invariant.

Transparency and Openness

Results

Raw data are publicly available at the NIH Data Archive (NDA). Analyses scripts and
assembled data sets for re-analysis are available by emailing the corresponding author. These
particular analyses were not preregistered.

Phase 1: Tests of A Priori and Previously Proposed Factor Structures

Table 2 provides model fit information for all model tests. First, we tested the theorized
higher order confirmatory model where the items load on their first order factors which in
turn load onto three higher order latent variables—Effortful Control, Surgency, and Negative
Affectivity (Simonds & Rothbart, 2009). This model was a poor fit to the data (M1 Table 2).
We then tested a CFA of their 17 first order scale model, also with a poor fit (M2, Table 2).
We used a CFA to test the three specified higher order factors represented by 14 lower order
subscale means (Simonds & Rothbart, 2009), again with a poor fit (M3, Table 2). The ESEM
test of their item level and scale level theoretical structures (M4, Table 2) yielded marginally
acceptable fit, but many items did not load on their purported factors (as also observed

by Kotelnikova et al., 2017). Further, some items loaded on their theorized target factors
with equally high cross-loaded with non-target factors, making interpretation difficult. Table
S1 provides the standardized factor loadings. Finally (M5, Table 2) an ESEM was fit that
allowed subscale means to load freely on three second order factors, with unacceptable fit.

As a supplementary analysis, we next evaluated previously reported data-driven solutions
beginning with Kotelnikova et al (2017). In the four models testing aspects of that result,
only the ESEM replication of their first order solution was an acceptable fit (SM2, Table
S2), although that solution was problematic for theoretical reasons. Table S2 provides fit
statistics for all supplementary models. Table S3 contains the standardized factor loadings
for the ESEM lower order solution of Kotelnikova et al., (2017). Table S3 shows that

the items largely loaded on the same factors as they reported. However, the exceptions
were notable and problematic. First, their factors had limited resemblance to the theorized
structure. Second, their Fantasy factor was not recovered. Third, one lower order factor was
characterized by two strong items cross-loadings with another factor (see Table S3). In all,
a partial replication of Kotelnikova et al. (2017) was statistically supported but was deemed
insufficient due to its poor match to theory. We then replicated Nystrom and Bengtsson’s
(2017) CFA model accepting the same cross-loadings and correlated residuals they had
specified. The resulting model was a poor fit to our data (SM6, Table S2).

For our replication of Lipska et al. (2021), we represented the 17 lower order subscales
(Simonds & Rothbart, 2009) in an EGA. Unlike them, however, we included Shyness in the
model for theoretical reasons. Initial results suggested a four-factor structure, which we then
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bootstrapped over 1000 iterations. Results suggested the four-factor solution was recovered
69% of iterations with the next most common result being a five-factor solution in 30%

of iterations (see Figure S1). To obtain fit statistics for the four-factor model, we followed
methodological guidance by re-expressing the modal result suggested by EGA as a CFA
(Christensen et al., 2019). Fit for this model was poor (SM6, in Table S2, and Figure S2).
See the supplementary material for further information regarding these analyses including
the EGA dimension stability plot (Figure S3) and our discussion on the limitations of our
replication attempts.

Phase 2: Exploration of a Theoretically Aligned Factor Structure

Item-Level Exploration using EFA—To ensure results were not solely due to one
rotation or estimation method, EFA models were rechecked across six models: geomin,
oblimin, and promax rotations, each with both maximum likelihood robust and weighted
least squares estimation methods. Solutions from the geomin and oblimin were similar, with
the oblimin rotated model with robust maximum likelihood estimation method providing
the simplest structure and the comparative best fit (M6, Table 2). Comparative fit statistics
among all six of these EFA models are provided in the supplementary material (Table S4).
Table S5 provides the factor loadings for the preferred oblimin robust maximum likelihood
model. We proceeded with that model. Here, the parallel analysis suggested that eigenvalues
up through the 14th factor were larger than the corresponding averaged eigenvalue for

the randomized data sets, suggesting an initial 14 factor solution. Initial item trimming

led us to discard one factor containing two only items (items 56 and 101; See Table

S4), leaving a proposed 13 factors using 96 items. We labeled these 13 factors Activity,
Affiliativeness, Anger, Assertiveness, Attentional Focus, Fear, Pain Sensitivity, Impulsivity,
Reading, Openness, Perceptual Sensitivity, Sadness, and Shyness. Internal consistency
statistics in the trimmed model were adequate (0.74 < a < 0.94) with the exception of the
fear scale (a =.55). After efforts to salvage the fear scale with additional items, we made the
decision to drop it, leaving 12 first order factors and 90 items?. Here, we also observed that
one item (item 39; “can take a Band-Aid® off when needed, even when painful”) negatively
loaded on its target factor so we removed this item with minimal effect on scale reliability.

Table 3 contains omega reliability estimates for the originally articulated 17 scales (Simonds
& Rothbart, 2004) and our retained 12 scales for the trimmed EFA model (M6, Table

2), which used 90 items. It is organized to show the alignment of the 12 retained scales

with their theorized counterpart, and the final column of Table 3 shows the correlation

of the retained scale with its originally proposed counterpart. That shows that the result

to this point provides reasonable recovery of the content of many of those scales. The
corresponding estimates for Cronbach’s alpha are contained in the supplementary material in
Table S6. A CFA of this 12-factor solution had inadequate fit (M7, Table 2), consistent with

Iwe attempted to salvage “fear” by reintroducing two items to the fear scale that had been trimmed previously (items 3 and 121)

due to relatively low factor loadings, which improved internal consistency in Cronbach’s alpha in the full sample (a =.73) and across
subsamples (ADHD, a =.74; Non-ADHD, a = .72). However, inspection of McDonald’s omega for the community subsample
demonstrated less than adequate reliability (w = .68). Given the difference may be a statistical artifact in light of the low factor
loadings of items reintroduced into the scale, we made the decision to drop the fear scale from further analysis.
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our hypothesis favoring complex models. We proceeded to the ESEM to test that hypothesis
further.

ESEM of the 12 Factor Trimmed Solution.: We then evaluated an ESEM of the items in
the prior (12-factor, 90 item) oblimin EFA solution, specifying the same trimmed 12 factors
as before. As hypothesized, this more complex model provided a satisfactory fit to the data
(M8, Table 2). Inspection of the individual factors revealed a pattern of small (A < .30) yet
significant (p < .05) cross-loadings; however, the theorized factor loadings remaining the
largest loadings on target factors and were in the expected direction. Further supporting this
solution, factor score correlations between the revised first order CFA (M7, Table 2) without
cross-loadings and the final 12-factor ESEM (M8, Table 2) demonstrated a near identity
between them (r=.96 - .99) as shown in Table 4. This suggested that the few cross-loadings
we allowed in the ESEM model had minimal impact on factor distinctiveness or content
meaning while substantially improving model fit and rendering it adequate.

Sensitivity Analysis: ESEM-within-CFA Framework.—Following methodological
guidance (Marsh et al. 2014; Morin et al., 2013), to test the robustness of this last and best
solution, we specified an ESEM-within-CFA (EwC) model to obtain bootstrapped parameter
estimates (M8a, Table 2). This procedure involves re-expressing an ESEM solution as a
CFA using the starting values generated from the ESEM model and constraining some
indicators as “anchor items” while allowing other indicators to be estimated freely (Morin &
Asparouhov, 2018). For anchor items, we selected items with large unstandardized loadings
on their target factors with minimal cross-loadings on non-target factors and fixed these
loadings on both target and non-target factors in the re-specified model. Residual variances
were fixed to one. The model converged in 1000 re-samples and the baseline model was

a good fit to our data thus providing some assurance that the final model is unlikely to be
capitalizing on chance or local solutions excessively. The resulting unstandardized factor
loadings and confidence intervals produced from the EwC analysis are provided in Table 5.
We note that factor loadings for a small minority of items (< 10) on target factors fell below
our initial trimming threshold in this model in the bootstrapped model; we nonetheless chose
to retain these few items given substantive impact to reliability their removal would have had
(see Table 5).

Exploring the Higher Order Structure Based on our Lower Order Solution—We
tested an initial theoretical higher order model using ESEM where we selected the 12
scales theorized to load on the four second order factors of Surgency, Negative Affectivity,
Affiliation, and Effortful Control as would be theoretically expected (Simonds & Rothbart,
2009). This model was a poor fit to the data (M9, Table 2). We then moved to a model
with three higher order factors. To do so, we omitted the scales theoretically loading

on Affiliation (Affiliation, Openness, and Assertiveness), and focused on scales theorized
to load on Surgency, Negative Affectivity, and Effortful Control (Simonds & Rothbart,
2009). Allowing the nine scales to load freely on three latent variables improved model

fit to acceptable standards (M10, Table 2) but with difficult-to-interpret factors, as follows.
The first factor was characterized by significant loadings from Attentional Focus (A =
0.76), Impulsivity (A = —0.71), and again a factor that was a remnant of low intensity
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pleasure, which we labeled Reading due to its item content (A = 0.55), all suggesting

an Effortful Control factor. That interpretation was somewhat clouded by a weak loading
from Perceptual Sensitivity (A1 = 0.25). Negative cross loadings from Sadness (A = —0.15),
and Anger (A = - 0.23) were also seen although they would not, in theory, be surprising

in relation to Effortful Control factor. The second factor was characterized by primary
factor loadings from Anger (1 = 0.63), Sadness (A = 0.69), Pain Sensitivity (1 = 0.52),

and Reversed Shyness (A = - 0.60), all suggesting a Negative Affectivity factor, although
Reversed Shyness would have been expected to load on Surgency. It also had small negative
cross-loadings from Attentional Focus (A = -0.15), Activity (1 = -0.29), and Perceptual
Sensitivity (A = 0.12); although complicating the picture somewhat, these cross loadings are
not theoretically inconsistent with an NA factor. The third factor was characterized by weak
loadings in general, with the strongest from Perceptual Sensitivity (A = 0.45), Impulsivity
(1 =0.38), Activity (1 = 0.35), Reading (again, a remnant of low intensity pleasure; A =
0.31), Reversed Shyness (A = 0.28), Anger (A = 0.27), and Pain Sensitivity (1 = 0.24). The
loadings from Impulsivity, Activity, Reversed Shyness, and Anger are all consistent with

a weak Surgency factor, but a primary loading from Perceptual Sensitivity, low loadings
overall, and multiple other items weaken the interpretation considerably.

The first two factors displayed adequate internal scale reliability (wq = 0.70, w, = 0.75)
while reliability for the third factor was inadequate (w3 = 0.46), consistent with its low
factor loadings. Interpretively, it appeared to us the first two factors represented Effortful
Control and Negatively Affectivity respectively though not without notable limitations,
while these factors were dependent on a third, unreliable factor that only weakly related
to Surgency. Overall, the higher order solution was perhaps reminiscent of the theoretical
model but far from adequate in representing that model.

Phase 3: Measurement Invariance

Finally, we tested for invariance between the ADHD and non-ADHD group in three
models that had adequate fit to our data. These were the (a) 12 factor ESEM model we
retained (M8), (b) the EwC model derived by our ESEM model (M8a), and (c) the higher
order three factor ESEM model (M10), despite its questionable utility. The full results of
invariance testing among the models are available in Table 6. All models met criteria for
strong invariance between groups according to previously established cutoffs (Chen, 2007;
Kotelnikova et al., 2017; Putnick & Bornstein, 2016). Additionally, we tested measurement
invariance in our partial ESEM replication of Kotelnikova et al. (2017) where we were able
to retain strong invariance over ADHD. Full results of this supplementary analysis are in
Table S7.

Discussion

The TMCQ is one of a series of instruments deriving from a leading model of child
temperament, yet the theorized factor structure has not been reliably modeled, thus
calling into question its construct validity and its place in child research. Satisfactory
trait measurement is critical to advancing developmental theory of both temperament and
personality, which are now accepted to be closely related and cover heavily overlapping
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content domain at the questionnaire level (Shiner et al., 2021). Doing so is also

important to understanding of the increasingly recognized trait-like aspects of developmental
psychopathology. The present report is the largest sample to date to evaluate the TMCQ
factor structure and expands on prior efforts by looking for the first time at factor structure
both in a typical child sample and in a community-recruited sample of children with ADHD
that was well-characterized by research evaluation procedures, many of whom had comorbid
conditions. Our results support a 12-factor first order model that recovers, albeit with

fewer items, the basic content of most of the original TMCQ scales. At the same time,
important differences are notable, including the isolation of reading items from low intensity
pleasure and the failure to reproduce key scales related to a putative Surgency higher order
factor, notably High Intensity Pleasure. Perhaps because of these difference in lower-order
factor structure, the theorized three-factor higher-order model (Effortful Control, Negative
Affectivity, and Surgency) was only weakly reflected, with an unreliable third factor in the
hypothesized Surgency space. Overall, results confirm the utility of a reduced set of items
and restructured first-order scales in the TMCQ, but are problematic for the higher-order
factor structure.

Methodologically, our results together with previous psychometric studies of the TMCQ
(Kotelnikova et al., 2017; Lipska et al., 2021; Nystrom & Bengtsson, 2017) indicate that the
TMCQ represents a solid yet incomplete foundation for working out the appropriate rating
scale measurement of temperament in middle childhood. The present lower order result

is more theoretically satisfying than prior alternatives solutions. Yet, the theorized higher
order structure (Simonds & Rothbart, 2004) remains unable to be satisfactorily replicated
across now four studies employing different measurement models. Indeed, it appears that
satisfactory modeling of the TMCQ higher order structure requires modifications to the
items to recapture needed contents and subscales, or modifying the theoretical structure.
The more robust first order model depended on a small number of reasonable cross
loadings. Such a complex structure in itself does not present serious problems. Historic
conceptualizations of simple structure do not require that factors be completely orthogonal
nor do they necessarily restrict all cross-loadings to be absolutely zero (Marsh et al., 2014).
Additionally, the cross loadings retained here did not alter scale interpretation. The revised
first order scale structure held within and across ADHD and non-ADHD samples, providing
support for use in studies of both typical and at least some forms of atypical development.
Even so, refinement of the item content appears to be in order, as the results yielded only
12 factors of which the remnant of low-intensity pleasure contained only items related to
liking to read, and only 90 items were needed. This was similar to prior findings that the best
solutions required only a subset of the items (Kotelnikova et al., 2017).

Results are also similar to Clark et al. (2020) who studied the Childhood Behavior
Questionnaire (CBQ) that is intended for children ages 3-7. In their supplementary analysis,
Clark et al. (2020) found an ESEM three-factor second order solution of the original CBQ
scales was able to be retained in some of their validation samples, but noted unexpected
cross-loadings in the three-factor higher-order structure. Similarly, recent psychometric
papers on the self-reported EATQ-R have also found little evidence for a completely distinct
higher order factor structure (Latham et al., 2020; Lawson, Atherton, & Robins, 2021).
Though results from other parent report questionnaires have supported the broader higher
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order structure of child temperament and personality in varying degrees in early and middle
childhood (Neppl et al., 2010; Tackett, Krueger, lacono, & McGue, 2008), we note more
recent research in the personality literature has also suggested the relationship between these
two sets of traits becomes more nuanced in middle childhood as children further develop
their self-regulatory and self-evaluative capabilities (Shriner, 2021). This may challenge
establishing the higher order traits with the TMCQ given its original formulation relied
heavily on the CBQ in a laudable effort to retain some degree of measurement continuity
across development (Rothbart, Ahadi, & Evans, 2000).

Yet by our reading, Rothbart’s (2011) own conceptual model allowed for further
differentiation of temperament traits as children age. One example that stands out from

the current report concerned the fear scale, which was unreliable in our community sample.
In our study, the highest loading items for fear were for situationally specific fears rather
than reflecting a general tendency to fearfulness or being easily frightened. The items that
were retained in our EFA (M6, Table 2) essentially show fears in three separate areas:

loud noises, going fast, and heights; the remaining items that are theorized to load on the
scale loaded poorly. Comparatively, the fear scale retained by Kotelnikova et al. (2017)

had three items dealing with fear of the dark, burglars, and nightmares in addition to two
highly correlated items dealing with the fear of needles loading on a separate factor all,
again, situationally specific fears. However, Rothbart (2011) conceptualized the fear trait on
the CBQ (from which the fear items on the TMCQ are derived) as “amount of negative
affect including unease, worry, or nervousness related to anticipated pain or distress and/or
potentially threatening situations (p. 51).” In light of this implicit intent to capture a general
fearfulness trait, capturing a fear trait in middle childhood may warrant additional items
(e.g., “startles easily,” “is often frightened”). Also note that Rothbart’s (2011) definition
also encompasses anxiety and worry as much as fear. Anxiety and fear do seem to be
differentiated by adulthood and perhaps become further differentiated to some extent in
middle childhood (LoBue, Kim, & Delgado, 2019). Thus, it is interesting to consider
whether temperament trait structure in middle childhood should seek to differentiate anxiety
proneness from fearfulness at the lower-order factor level.

In the broader context of temperament development then, our results suggest that scale
refinement of the TMCQ is necessary to better capture the higher order structure

of temperament, whether in relation to Rothbart’s (2011) theoretical definitions of
temperament traits or a refined higher order model. This is especially true of Surgency,
which has not been reliably or distinctly retained in any psychometric study of the TMCQ.
Surgency is intended to capture construct related to extraversion (Evans & Rothbart, 2007)
and is characterized by a disposition to positive emotionality, high activity level, and rapid
approach to potential rewards (Rothbart, 2011, pp. 52-53). These traits are likely still
present in middle childhood even though research from the personality literature suggests
that mean stability of extraversion decreases as children age into early adolescence (e.g.,
Soto, 2016). Items to capture Surgency in this developmental area might then focus on
identifying positive social rewards and self-evaluations (following Shriner, 2021) as well as
prompts for parents to identify tendency towards exciting, but not always reckless behavior
(e.g., “likes to skateboard”, “tries to make others laugh”).
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The strength of the present research is that it entails a large comprehensive psychometric
examination of both the original higher and lower models of the TMCQ in a large

clinical and non-clinical sample recruited from the community. We offer a theoretically

and psychometrically sound alternative for first order factors to use in future research. The
restructured first order factors provide an improvement on the original in that in this sample,
they were more psychometrically valid as judged by their fit to the data and yet appeared

to have adequate theoretical construct validity in regard to their reasonable alignment with
the rich theoretical history of the TMCQ for those particular scales. A principal limitation
of this study, and all prior studies of this nature, is lack of independent sample replication.
However, that said, we did find partial replication of Kotelnikova et al. (2017) as well as
partial support for a revised lower order structure as theorized. Additionally, our findings
did survive a rigorous sample permutation test of robustness, providing some reassurance
against local over-fitting. The wider-than-recommended age range here (7-13 years) proved
only a minor limitation; sensitivity analyses indicated that final results held when the sample
was restricted to ages 7-10 (Table S8). Nevertheless, a major implication of our results is
that the TMCQ can be used for ongoing child development research with modified but still
highly meaningful versions of the lower order scales. The item set here clearly measures

a portion of the intended theoretical constructs, and with refinement can be extended in

that direction. Further, the modified structure shows measurement invariance in at least one
clinical group—children with ADHD (many with comorbid conditions)—so results also
provide support for continued use of a revised TMCQ in developmental psychopathology at
least in some atypical populations.

Critically, results also confirm that additional revisions or supplemental measures would

be beneficial to sharpen the coverage of the temperament domains and in particular to
adequately represent a refined higher order structure, of which Rothbart and colleagues
theorized three to four factors. Taking these results together with Kotelnikova et al. (2017),
it appears quite possible to construct a briefer TMCQ using fewer than 100 items that

has satisfactory validity and reliability for much of the original theoretical model. Indeed,
continued scale development and revision in child personality has been crucial (Shiner et
al., 2021); it has seemingly not been mirrored in the refinement of temperament scales in
recent years. Doing so must balance the theoretical reality of both continuity and change and
differentiation with development, as well as measurement continuity and difference. These
findings suggest such refinement work for rating scales of temperament in middle childhood
is now due.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Temperament in Middle Childhood Questionnaire, a commonly used instrument in
developmental and psychopathology research.
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Table 1
Sample Characteristics

Variable Full Sample ADHD Community
N 1,418 721 697
M Age (SD) 9.4(1.6) 9.4(1.5) 9.3(1.6)
Male % 61% 70% 51%
Non-Hispanic white % 78% 79% 78%
M estimated 1Q (SD) 109.2(14.1) 106.7(14.2) 111.8(13.5)
Median Income $75,000-100,000  $50,000-75,000  $75,000-100,000
Maternal report % 82% 84% 80%
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