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Age and gender differences in the factor structure of 
cognitive monitoring

Martin Komarca , Lawrence M. Scheierb , and Jana Novotn�aa 
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ABSTRACT 
Cognitive development during adolescence is arguably 
unmatched by any other period of life. Enhanced brain matur
ation, increased memory capacity, and the acquisition of new 
cognitive skills help prepare adolescents for adult social roles. 
Among these skills is cognitive monitoring, or the ability to 
reflect on one’s own thinking—traditionally referred to as 
“metacognition.” Using cross-sectional data from the first 
wave of a longitudinal panel cohort, we examined three facets 
of cognitive monitoring: decision-making (e.g., gathering infor
mation, evaluating alternatives), self-reinforcement (e.g., praise 
and encouragement), and affective self-regulation (e.g., emo
tional control) in four age groups of Czech high school stu
dents. Multiple-group confirmatory factor analysis tested 
primary, higher-order, age and gender-based models. Overall, 
model fit was acceptable, with only trivial differences in item 
intercepts, factor correlations, variances, and latent factor 
means. Primary factor models revealed gender differences 
favoring girls’ use of decision-making strategies and older 
youth employing more decision-making skills. A higher-order 
metacognitive factor to account for correlations among the 
monitoring skills was supported across both age and gender 
groups. Results are discussed in terms of promoting cognitive 
monitoring as a key 21st-century skill and advancing higher- 
order reflective skills as a critical learning task during 
adolescence.
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Introduction

Children of all ages are notorious for talking to themselves while they 
engage in activities with mental reminders and encouragement. They use 
various internal self-talk strategies to remind themselves how to tackle a 
problem in school (e.g., “don’t get frazzled, you know how to do this”), 
and push themselves during athletic competition (e.g., “if I run harder, I 
know that I can win this race”). This type of introspective verbal skill and 
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cognitive self-guidance appears sometime in middle childhood in rudimen
tary form (e.g., Gascoine et al., 2017; Schneider et al., 2022). At some point, 
coinciding with adolescence, there is a growing awareness of the utility of 
cognitive monitoring and what Harris (1990) called “private speech” to the 
point where an individual recognizes when to use these strategies and the 
promise they yield (see also Brinthaupt, 2019 and Perrone-Bertolotti et al., 
2014 for more on the “little voice in my head”). Flavell (1979) coined the 
term “metacognition” when he wrote about young children’s inability to 
“monitor their own memory, comprehension, and other cognitive enter
prises” suggesting that young children are “cognitive creatures with diverse 
cognitive tasks, goals, actions, and experiences” (p. 906). Recognition of the 
emergence of this type of monitoring was based on experimental work 
comparing younger to older age children on various cognitive and verbal 
interpretive tasks. Importantly, Flavell drew a wide arc around various liter
atures that share interest in the subject of metacognition including cogni
tive monitoring, control, and self-regulation, suggesting a new area of 
cognitive-developmental inquiry with ramifications for understanding the 
basis for more mature adultlike thought and behaviors (see also, Koriat, 
2012).

Since Flavell’s seminal writing on metacognition, considerable research 
has been conducted to further refine what is considered metacognition 
including its relations to learning (Veenman et al., 2006), intelligence 
(Veenman et al., 2005), motivation (Efklides, 2011), and critical thinking 
(Keating, 1990; Ku & Ho, 2010). In keeping with Flavell’s original senti
ments, Efklides (2008) suggested that metacognition is multidimensional 
and could be differentiated on the basis of knowledge, strategies, and expe
riences. At the heart of this distinction is knowing what is required of a 
task, how to approach it, the features of a task, whether it is hard, and dif
ferent learning goals linked to the task (e.g., “this is going to be a hard test 
and I should study for it”). The actual strategies or cognitive procedures 
inherent in metacognition reflect the implementation schemes young chil
dren apply as they think about how to approach a problem (e.g., the fea
tures of a task, its demands, and how they will make progress toward their 
goals). Thus, metacognitive skills are akin to “procedural knowledge” in 
that they represent the conscious monitoring (i.e., introspection of what is 
required to complete the task) and strategic control (e.g., decision of what 
skill to apply) of cognition. The latter is what has made metacognition 
such a fuzzy construct and so difficult to distinguish from self-regulatory 
or control processes that involve an executive function (e.g., Dinsmore 
et al., 2008; Efklides, 2008; Roebers, 2017).

In the current study, we depart from the use of the term “metacognition” 
and rather use the term “cognitive monitoring” (e.g., Kuhn, 2000a; Schraw, 
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1998) to entail a type of self-awareness that one can apply and control 
mental strategies to accomplish the tasks, goals, actions, and experiences 
duly noted by Flavell. Strategically speaking, this entails planning, monitor
ing, and reflection (or evaluation, see, Schraw & Gutierrez, 2015) as princi
pal skills and relies on other faculties (e.g., working memory, selective 
attention, error detection, and inhibitory control) to execute tasks (Efklides, 
2008; Norman et al., 2019). This definition is in keeping with the work of 
Nelson and Naren (1990, 1994) and their early work in defining metacogni
tion as the product of control and monitoring processes. Moreover, the 
type of monitoring or reflective thought under consideration is generally 
considered conscious and deliberative,1 making it accessible to the individ
ual as they engage mental activity (e.g., Koriat, 2007 and see Evans & 
Stanovich, 2013 and Lyons & Zelazo, 2011 for discussion of cognitive heu
ristics associated with Type II deliberative and reflective processes).

There is a strong empirical basis tied to noting age differences in the 
various skills that comprise cognitive monitoring. This body of work has 
largely entailed comparing cognitive monitoring skills in children at differ
ent ages (Bryce & Whitehead, 2012; Schneider et al., 2000; Schneider & 
Lockl, 2002) or the same child at different time points (e.g., Schneider 
et al., 2004). Experimentally speaking, the basic framework is to provide 
the subjects with various cognitive tasks asking them about what strategies 
they employ when thinking how to solve problems. Children of different 
ages are asked how they remember when they read a story, whether they 
repeat things in order to memorize, how they organize facts (i.e., mne
monics), and other mental organizational skills and actions that help them 
attend, memorize, and recall (e.g., Cross & Paris, 1988; Gascoine et al., 
2017; Kurtz & Borkowski, 1984 and for a review of assessment strategies 
see, Baker & Cerro, 2000). This has spawned a” theory of mind” concept 
that can be used to differentiate cognitive monitoring at different ages 
(Flavell, 1988; Kuhn, 2000b; Wellman, 2018) and also when certain mental 
skills become more transparent to the individual (e.g., Pintrich, 2002). The 
emphasis on establishing development when cognitive monitoring occurs 
in the repertoire of youth is important. Cognitive monitoring can be used 
as a “thinking tool” to enable youth to plan and evaluate, giving them bet
ter problem-solving skills with real-world applications. This ability falls 

1Flavell (1979) notes that metacognition can be unintentional and automatic prompted by retrieval or task- 
related cues. Although not the focus of this paper, we acknowledge that System I (intuitive thinking) can be 
responsible for eliciting automatic responses (i.e., mental heuristics) that instigate cognitive monitoring. It is 
worth noting that Flavell also felt that metacognitive experiences are more likely to occur in situations (tasks) 
that require conscious thought as one applies some type of planning, evaluation, and decision-making that 
leads to an internal form of quality control. Veenman et al. (2006) provide arguments both for and against that 
cognitive monitoring has to be conscious as opposed to more automatic and beneath the radar of 
consciousness (see Efklides, 2008; Fox & Riconscente, 2008; Rosenthal, 2000 for different perspectives on the role 
of conscious thought in metacognition).
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under the broad catchall of “21st century skills” (e.g., Binkley et al., 2012; 
Greiff et al., 2014; Partnership for 21st Century Skills, 2007; Trilling & 
Fadel, 2009) and is part of Bloom’s taxonomy of learning, which empha
sizes problem-solving, along with critical thinking, creativity, and metacog
nition (Bloom et al., 1956).

Given this brief review, three issues come to mind when cognitive moni
toring is discussed. First, what is the complexion of cognitive monitoring, 
in other words, what are the core competencies and skills that provide a 
basis for this type of strategic mental thinking? Along these lines, the indi
vidual skills that comprise cognitive monitoring overlap empirically and 
conceptually or can they be distinguished psychometrically. Second, is cog
nitive monitoring stage-like or it unfolds in a more progressive if not fluid 
manner. At heart here is whether the cognitive skills of a 14-year-old are 
uniquely different from those of a 15- or 16-year-old or that an older youth 
just applies more of the same skill more effectively if not more frequently 
(Kuhn, 2000a). Addressing this question can help address a broader issue 
of whether a Piagetan approach based on assimilation and accommodation 
is appropriate to understand the development of cognitive monitoring. 
Moreover, addressing this issue would help substantiate Flavell’s perspective 
that metacognitive experiences, knowledge, and strategies accrete over time 
because of life experiences and increasing cognitive resources. Third, are 
there gender differences in cognitive monitoring? Boys and girls generally 
perform equally well in terms of scholastic achievement tests (Duckworth 
& Seligman, 2006; Matthews et al., 2009; Voyer & Voyer, 2014), report 
being equally engaged in school (Wang et al., 2011), and female students 
show a slight advantage with regard to scholastic grades (Voyer & Voyer, 
2014). Conceivably, there may be underlying differences in cognitive moni
toring that reflect gender-specific cognitive strategies. However, with few 
exceptions, very few studies have pinpointed with any precision whether 
any of these observed gender differences in metacognition or cognitive heu
ristics carry over to cognitive monitoring skills.

Focus of the current study

In the current study, we address these three issues using a single overarch
ing analytic framework. The framework involves using multiple group 
latent-variable confirmatory factor analysis (CFA). The latent-variable com
ponent provides a means to establish the psychometric properties of cogni
tive monitoring as a hypothetical unobserved construct. Psychometrically 
speaking, this assumes that cognitive monitoring can be “quantified” and 
that we can infer cognitive monitoring from the joint probability distribu
tion of observed (measurable) lower-order cognitive activities (e.g., 

4 M. KOMARC ET AL.



Borsboom et al., 2003; Veenman et al., 2006). To our knowledge, very few 
studies have examined the invariance of the self-regulatory qualities of cog
nitive monitoring using confirmatory approaches and with younger age 
populations (for exceptions see, Gomez et al., 2021; Li et al., 2023). As we 
explain below, we hypothesize three facets of cognitive monitoring based 
on unique sets of cognitive activities. This approach enables us to test 
whether the observed measures that make up each construct differ in the 
strength of their contribution to their respective latent constructs by age 
and gender. In contrast to many studies of metacognition conducted in the 
past, in the current study we don’t examine strategies specific to mathemat
ics, language or reading, which capture cognitive monitoring in strictly 
scholastic domains. Instead, we focus on cognitive monitoring skills that 
can be interpreted as “control or self-regulatory processes” encompassing 
strategies related to decision-making (e.g., gathering information), internal 
self-talk (e.g., self-reward), and affective self-management (emotional con
trol). These three aspects of cognitive monitoring are assumed to operate at 
a higher or more general level and can be applied to multiple domains of 
cognitive functioning both academic (e.g., solving math problems or read
ing comprehension) and otherwise (e.g., losing one’s direction on a hiking 
trail). The correlation between these different skills is an indication of 
whether these cognitive activities are divergent or unified and whether they 
share some common ground outside of the specific strategy they 
encompass.

The multiple group component provides a means to assess the fit of an 
a-priori model across age and gender groups. These models use increas
ingly restrictive constraints, each one addressing a different and important 
facet of whether groups differ in cognitive monitoring, including its meas
urement properties, the way that students respond to the questions used to 
model cognitive monitoring, the relations among the different facets of 
cognitive monitoring, and between-group differences in the mean levels 
(intercepts) of the strategies hypothesized to capture cognitive monitoring. 
Because the items used to assess cognitive monitoring are imperfect, we 
also test whether the error variances are equivalent across subgroups. This 
is a benefit of using confirmatory procedures, which enables estimating the 
error variances as an independent component of the measurement 
model. As part of the model testing sequence, we also assess the fit of a 
higher-order structure that posits a single overarching latent variable with 
lower-order primary factors capturing unique (albeit not distinct) facets of 
cognitive monitoring. This latter model comes closest to the extant litera
ture on “metacognition” and assumes that the lower-order cognitive proc
esses reflect a single agent or mental force that selects from a pool of 
regulatory strategies fitting the cognitive activity.
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Method

Data for this study was gathered as part of a 3-year longitudinal study of 
sports motivation and cognitive functioning in youth attending high schools 
in the Czech Republic. The Czech Republic is divided into 14 regions (corre
sponding to provinces) that were geographically merged with adjacent regions 
collapsed into five contiguous regions. Schools were randomly selected from 
these five areas with one large school (>450 students) and 1 to 2 small 
schools (<450 students) drawn from each region. Schools were approached 
individually through administrative contacts and asked if they wished to par
ticipate in longitudinal study. A total of six schools refused to participate and 
selection stopped after 13 schools (distributed relatively evenly throughout the 
five areas) agreed to participate. Consenting schools then announced the study 
(posting flyers and through homeroom announcements) and provided stu
dents with a hyperlink to the survey.

The initial welcome screen presented the main purpose of the research and 
students (if under 18 years of age, also their legal representatives) were then 
provided an assent form (in Czech language) they must read and electronic
ally check their willingness to participate (Yes, I agree or No, I don’t want to 
participate). The assent informs students (if under 18 years of age, also their 
legal representatives) of their rights as research participants, the voluntary 
nature of their participation, and that they can withdraw from the study at 
any point without penalty (IRB#142/22, Ethics Committee, Faculty of Physical 
Education and Sport, Charles University). The data collection period spanned 
from October 24th, 2024, to December 16th, 2024, allowing participants to 
complete the online surveys at any time during this interval.

Participation levels varied across schools and ranged from a low of 10% 
to a high of 86.7% (mean ¼ 53.7%). The data that support the findings of 
this study are available from the corresponding author, upon reasonable 
request.

The online questionnaire included a set of demographic questions, ques
tions about students’ sports participation, quality of physical education 
facilities, school and teacher bonding, locus of control for physical educa
tion, peer and family support for sporting activities, depressive symptoms, 
optimism and pessimism, and the cognitive reflective questions that are the 
focus of the present study. Instruments that were not available in the 
Czech language, were translated by three independent individuals using 
acceptable translation and back translation procedures (e.g., Harkness et al., 
2003; Walde & V€ollm, 2023).
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Measures

A total of 15 items were used to assess different facets of cognitive moni
toring. Five items assessed decision-making and were taken from the 
Response Profile of the Coping Assessment Battery (Bugen & Hawkins, 
1981; Wills, 1986). The items represent different theoretical perspectives 
with regard to applied and behavior-based coping including strategies indi
viduals engage to obtain information, consider alternatives, weigh conse
quences, and evaluate one’s options if a specific course of action is chosen 
(Pearlin & Schooler, 1978). These items are considered part of the vigilant 
coping style used in the 7-steps of effective decision-making (Janis & 
Mann, 1977). Internal consistency estimates for the five-item scale have 
been high in several longitudinal studies of adolescent samples (a’s ¼ .88– 
.91: Griffin et al., 2009; Scheier & Botvin, 1995; Scheier et al., 1997). 
Following a common stem (“When I have a problem, I … ”) students were 
provided five decision-making steps with sample items including “Think of 
as many possible choices or ways of solving the problem as I can” and 
“Think about what will happen for each choice before doing anything.” 
Many of these items are quite similar to the monitoring and planning items 
contained in the 52-item Metacognitive Awareness Inventory (Schraw & 
Dennison, 1994).

Five items taken from the 30-item Self Reinforcement Scale (SRS; Heiby, 
1982) assessed inner self-talk and reward strategies as a generalized 
response set for self-praise. Heiby developed the SRS as part of research 
examining rumination (covert) control of behavior through self-controlled 
reinforcement and its relations to depression (see for example, Lewinsohn, 
1974 for more on the low frequency of self-reinforcement hypothesis). 
Sample items include (“When I do something well, I take time to enjoy the 
feeling” and “I silently praise myself for even small achievements”). Test- 
retest reliability (r ¼ .92) and Spearman-Brown split-half reliability (r ¼
.87) were both excellent for the full version when tested with young adults 
(Heiby, 1983). Several large-scale studies of adolescent development have 
reported excellent estimates of internal consistency calculated using 
McDonald’s (1999) Omega (x ¼ .87, .88 for 8th and 10th grade youth: 
Griffin et al., 2021) and exceeding .85 when calculated using Cronbach’s a 

(Griffin et al., 2002; Scheier & Botvin, 1995).
Five items were taken from the 36-item Self Control Schedule (SCS; 

Rosenbaum, 1980) to assess affective self-management. According to 
Rosenbaum, these are self-control strategies to manage anxiety and distress 
when confronting non-task specific situations. They encompass strategies 
that individuals use to minimize the effects of anxiety that arises from 
internal events and that can affect performance (e.g., take a deep breath 
and relax). The creation of the SCS was based on stress and coping 
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literatures with direct application to behavior therapies popular at the time 
(e.g., Lazarus & Folkman, 1984). The instrument contains multiple sections 
with one including 12 self-statements to control emotional and physio
logical intrusions. Sample items used in the current study include “If an 
unpleasant thought is bothering me, I try to think about something pleas
ant” and “When I am worried about something, I try to keep myself busy 
or think about other things.” Omega for the five items that were retained 
based on adolescent samples was .90 (Griffin et al., 2021). Extensive factor 
analytic work accompanied all of the adolescent development studies result
ing in briefer versions of the full-length scales accommodating their use in 
school-based surveys. Response scales for all 15 cognitive monitoring items 
ranged from 1 (strongly disagree) to 5 (strongly agree). S1 Table contains all 
15 of the cognitive activity items and the abbreviations used throughout 
the article.

Analytic strategy

Model testing proceeded with a series of integrated steps that follows the 
sequential constraint imposition procedure recommended by Dimitrov 
(2010). First, we tested a multigroup confirmatory factor analysis (CFA) 
measurement model positing three individual latent factors assessing deci
sion-making, self-reinforcement, and affective self-management skills for 
each age and gender group. We used the partial disaggregation scheme 
recommended by Bagozzi and Heatherton (1994) with individual items 
used as indicators of three separate latent factors. Factor intercorrelations 
were freely estimated. This configural invariance model addresses whether 
the same general factor structure (and pattern of fixed and free loadings) 
is supported in the different age and gender groups (i.e., the dimensions 
making up cognitive monitoring are the same across groups given the 
specified pattern of factor loadings). Thereafter, each subsequent model 
imposed increasingly restrictive levels of measurement invariance (MI). 
The next test imposes weak factorial invariance by constraining factor 
loadings (metric invariance) to equivalence. This model assesses whether 
the items function the same and have the same meaning in the 
different age and gender groups. As Dimitrov (2010) points out, equiva
lent factor loadings between groups essentially means that a one-unit 
change for the attribute in question in one group is equivalent to a one- 
unit change in the same attribute in another group (i.e., the measure
ment properties that determine the factor composition are identical 
across groups).

This test is followed by a model assessing scalar (strong) invariance set
ting the item intercepts to equivalence. This model assesses whether the 
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means of the items are identical across groups (i.e., do the students use the 
response scale in the same fashion) and is a prelude to interpreting latent 
mean differences between groups (Meredith, 1993). Weak invariance is 
assumed in the scalar model, as this is required to advance in the model 
testing procedure (e.g., Byrne et al., 1989). If intercepts are not equivalent 
between groups, it suggests an item-by-group interaction (Robitzsch & 
L€udtke, 2023) and indicates the subgroups do not respond to the items in 
a similar fashion. The strictest form of invariance is then tested by con
straining the item error variances (item-specific residual variance) to equal
ity.2 This test is followed by tests of construct-level invariance including 
constraints on the factor variances and then covariances (factor loadings 
were kept invariant in this model) and the equivalence of factor means 
(also called structural invariance). The model configuration sets the mean 
of one factor in one group to zero and allows the factor mean to vary in 
all other groups (by age and gender). This makes the parameter in the 
unconstrained group equal to the “difference” in latent means (relative to 
the reference group: e.g., Aiken et al., 1994; Steenkamp & Baumgartner, 
1998). The examination of latent mean differences is substantively impor
tant and essential to determine if the hypothetical construct capturing cog
nitive monitoring “matures” developmentally as Flavell suggested it would. 
As required, both metric and scalar invariance are maintained in this 
model (e.g., Raykov et al., 2012).

As a final step in the process, we specified a higher-order model posit
ing a general factor of “cognitive monitoring” based on the associations 
between the three primary factors. This is more of a theory-driven test 
consistent with the literature suggesting that a higher-order latent factor 
of cognitive monitoring consists of multiple primary factors reflecting 
individual cognitive strategies that support a general monitoring effort. 
The strategy used for testing invariance in the primary factor model is 
utilized for testing invariance in the second-order model, beginning with 
configural invariance, followed by metric invariance imposed on the pri
mary factors (e.g., Marsh & Hocevar, 1985). Then, the factor loadings 
on the second-order factor were constrained to equality between groups. 
A third model imposed scalar invariance on the first-order factor 
intercepts.

2Many authors have commented that the restriction on item uniquenesses is not essential for invariance testing 
unless test development is a central concern. Residual variance is considered non-factor determined variance 
reflecting item-specific variation (i.e., test-specific method variance, omitted variables, random measurement 
error or a function of the item not captured by the latent construct). Here, we merely apply this step to comply 
with accepted conventions testing factorial invariance (e.g., Dimitrov, 2010; Marsh et al., 2009). Lubke and 
Muth�en (2005) pointed out that equality of residual variances is not essential for factor mean comparisons, 
which only requires scalar invariance as a prerequisite. This is because the error residual variance is independent 
of the factor (orthogonal terms) and invariance of item residuals has no effect on the factor means (see also 
Putnick & Bornstein, 2016 for additional commentary).
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Both absolute and incremental goodness-of-fit indices were used jointly 
to evaluate whether a model positing invariance constraints with more 
parameters improves over a model absent these constraints (Hu & Bentler, 
1999). The fit indices included the root mean square error of approxima
tion (RMSEA; Browne & Cudeck, 1992; Steiger, 1990), the comparative fit 
index (CFI; Bentler, 1990), and the ratio of v2/df. The CFI (ranging from 0 
to 1), in particular, is not sensitive to sample size and assesses the discrep
ancy between the sample data and the implied population model for struc
tured means and variance/covariances. Values of the RMSEA � .06, CFI >
.95, and the normed v2/df � 5.0 meet the accepted threshold criteria for 
adequate model fit. Given the imposition of increasingly restrictive 
restraints in the invariance testing procedures, the models are nested (one 
has more parameter restrictions than another) and can be contrasted statis
tically (Dv2 ¼ Dv2

constr. − v2
unconstr.) to address whether there is a decre

ment in fit.3 Invariance at any of the levels is plausible if the Dv2 is not 
significant at the specified p-value (< .05). The RMSEA is not sensitive to 
sample size and it can be used to detect nested model fit if the 90% confi
dence intervals from two models overlap, the models are not statistically 
different. In addition, following conventions proposed by Cheung and 
Rensvold (2002), we also used the change in CFI (DCFI) � .01 as a critical 
benchmark in determining whether a model positing invariance is accept
able.4 This is because the Dv2 is sensitive to sample size and may lead to 
Type I error rates exceeding the conventional nominal level (i.e., over-rejec
tion of invariance tests). All models were tested using the Mplus statistical 
software (V8.11: Muth�en & Muth�en, 1998–2017) using maximum likeli
hood estimation with analysis of the mean and covariance structures. We 
did not consider the use of ML estimation with robust standard errors 
necessary because there was no evidence of meaningful violations of nor
mality assumptions. Across the 15 indicators, average absolute skewness 
was .233 (range¼−.426–.227) and average kurtosis was .291 
(range¼−.576–.234), well within commonly accepted thresholds for 
approximate normality. Importantly, maximum likelihood estimation has 
been shown to be robust to modest departures from (multivariate) 

3The notion of nested models hinges on one model being a specialized form of the other. In the case of 
parameter nesting, one model has more free parameters constrained to equality (i.e., restricted model), but it is 
considered competing with a more relaxed model. Under the null hypothesis of equivalent models −2�log 
likelihood is asymptotically distributed as a v2 variate, with the Ddegrees of freedom computed as the 
difference between the two nested models.
4Dimitrov (2010) points out that a larger DCFI of > .01 provides evidence of measurement invariance because a 
larger value of the CFI indicates better fit (i.e., more variance and covariances accounted for by the implied 
model). Chen (2007) proposes alternative goodness-of-fit indices to gauge model fit in invariance tests pairing 
the DRMSEA and DSRMR with the traditional criteria of DCFI � .01. Across the many arguments made for using 
different statistics to gauge model fit, the Dv2 remains the most accepted because it has a known sampling 
distribution.
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normality, particularly with continuous indicators and adequate sample 
sizes, yielding unbiased parameter estimates and accurate inference under 
such conditions (Enders, 2001).

Results

Sample description

S2 Table provides an overview of the sample characteristics by grade and 
gender. Student ages conformed to the European model of K-12 education, 
which starts schooling one year later than most other countries (9th 
graders are �15 years of age). Mean age for the entire sample was 16.62 
(SD ¼ 1.182). More than half of the sample (52.5%) was female and 94.3% 
were of Czech nationality, 2.3% were Ukrainian and the rest were 
Slovakian, Vietnamese, Roma or chose the Other race/ethnicity category 
(all 1%). Almost two-thirds of the sample (63%) reported they lived in a 
two-parent household and on average had 3.84 members in their household 
(SD ¼ 1.10). With few exceptions, the demographic breakdowns were con
sistent for each age and gender group.

Results of the CFA models testing invariance

Figure 1 shows the results of the fully disaggregated three-factor CFA 
measurement model that was tested for each age (Part A) and gender (Part 
B) group5 (i.e., configural invariance). As depicted, the loadings are reason
ably similar between both age and gender groups. Importantly, all of the 
factor correlations were below unity (although high in some cases) rein
forcing that there was an element of discriminant validity between the dif
ferent facets of cognitive monitoring (e.g., Steenkamp & Baumgartner, 
1998). Although there is no agreement on the objective criteria for configu
ral invariance, it is frequently assumed that model fit provides a reasonable 
barometer of fit. In all cases, the model fit was adequate for the different 
age groups, v2(348) ¼ 1790.946, CFI ¼ .906, RMSEA ¼ 0.075, 90% CI 
(.072–.079) and gender, v2 (174) ¼ 1611.745, CFI ¼ .907, RMSEA ¼ 0.075, 
95CI (.072–.079). Essentially, this shows that the hypothesized structure of 

5Preliminary psychometric analyses provided a base of information regarding the reliability of the items used to 
form the latent factors. This information suggested that a fully disaggregated model would be the most 
appropriate way to test the latent variable factor structure. S3 Table shows the results of Mokken’s H coefficient 
and McDonald’s Omega, reinforcing the integrity of the scales, and a clear unidimensional factor structure for 
each latent construct. Given that data was collected on a school basis, we computed intraclass correlations 
coefficients (ICCs) for the different measures of cognitive monitoring (using observed multi-item composites). 
The ICC is a measure of clustering and can indicate how much variance in the observed measures (factor 
indicators) can be attributed to school-level as opposed to individual-level effects (Donner & Koval, 1982). The 
ICCs ranged from a low of .00 for two items assessing self-regulation to a high of .02 for a single item assessing 
decision making skills and averaged .006 across all 15 indicators. This wealth of supporting psychometric 
evidence encouraged us to move directly to the CFA models purporting simple structure.
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cognitive monitoring (the pattern of fixed and free model parameters and 
3-factor model configuration) can be reproduced by the sample data in the 
different subgroups.

Figure 1. Standardized estimates for the three-factor CFA model for age (Part A) and gender 
(Part B).

12 M. KOMARC ET AL.



Age differences

The first in a series of more restrictive models tested metric (“weak”) 
invariance for age and separately gender groups. Turning first to the age 
models, the Dv2 was nonsignificant indicating the model configuration pos
iting equivalent loadings across the different age groups was tenable. The 
average factor loading (k) for each latent construct and for each age group 
showed little variation .704, .719, .715, .725 for decision-making, .596, .642, 
.641, .616 for self-reinforcement, and .649, .639, .604, .619 for self-manage
ment, for 15, 16, 17, and 18–19 age groups, respectively. Moreover, as a 
type of “sensitivity analysis” the average absolute difference between all six 
possible combinations of age group factor loadings within construct was 
avg.Dk ¼ .019, .016 and .026 for decision making, self-reinforcement, and 
affective self-management, respectively. The next model posits scalar 
(“strong”) invariance for the intercepts of the different indicators. This 
model was compared to the metric invariance model and the nonsignificant 
Dv2 again reinforced that MI of item intercepts across age groups was 
plausible. Table 1 also shows that the nested comparison of a model posit
ing (“strict”) invariance of error variances (capturing method variance or 
residual error) with the scalar model reinforced invariance. The next model 
in the MI sequence constrained the factor variances and also reinforced 
there was subgroup invariance.

The tests of invariance for the subgroupswere followed by a model at the 
construct level positing invariance of covariances. The nested comparison 
for this model (compared to the previous step) was significant, indicating 
there was noninvariance. Modification indices showed that freeing the 
covariance between decision-making and self-reinforcement for all four age 
groups and freely estimating the correlation between self-reinforcement and 
affective self-management for the 15- and 17-year-old age groups would 
improve the model fit.6 Table 2 shows the partial invariance model for fac
tor correlations fit well and the Dv2 was nonsignificant when compared to 
the earlier model in the sequence specifying invariant factor variances. The 
association between decision-making and self-reinforcement was largest in 
magnitude for the youngest age group (r ¼ .538) compared to the 16- (r ¼
.463), 17- (r ¼ .463), and 18þ year-old students (r ¼ .381). The association 
between self-reinforcement and affective self-management was r ¼ .834 for 
the 15-year-olds and r ¼ .728 for the 17-year-olds. The average difference 
in the correlations within age group and between the fully invariant and 
partial invariant models was Dravg ¼ .006 for decision-making and self- 

6We used the sequential (backward) method of relaxing constraints based on the magnitude of the LaGrange 
modification indices (Yoon & Kim, 2014). This has a smaller Type I error rate as opposed to relaxing all of the 
constraints at once (the model is reconstituted with each relaxed constraint).
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reinforcement and Dravg ¼ .004 for the correlation between self-reinforce
ment and affective self-management.

The next step in the MI procedures included testing invariance of factor 
means. Constraining factor means to equivalence also provided evidence of 
noninvariance and required that we relax one mean equivalence (decision- 
making) in the 15-year-old age group. This modification resulted in a non
significant p-value in the comparison of the partial invariance model to the 
partial invariant factor correlation model. The standardized mean difference 
for the 15-year-old age group was m ¼ −0.178, which is significant by the 
z-critical test, z¼ 3.872 (SE ¼ .025), p < .001. This can be interpreted as 
an effect size equivalent to Cohen’s d. The negative sign indicates that the 
youngest group scored 0.178 standard deviation units lower than the refer
ence group consisting of the oldest youth.7

Gender differences

The test of metric invariance produced a nonsignificant Dv2 indicating 
equivalent factor loadings for males and female students (avg.Dk ¼ .02, .02, 
and .03 for the three primary factors, respectively). A model constraining 
intercepts (and factor loadings) was significantly different from the previ
ous step in the model testing sequence, thus indicating some of the inter
cepts should be freely estimated in the two groups. Based on LaGrange 
modification indices, a model freeing four intercepts fit well (Table 1) and 
was not significantly different from the metric invariance model indicating 
that partial scalar invariance was obtained. In all four of the freely esti
mated intercepts, female studentsscored higher than male students. 
Following Chen (2008), the average absolute difference in intercepts 
between the fully constrained and partial invariance scalar model for girls 
was .02 and for boys was .001.

The next model in the sequence constrained error variances to equality 
across groups. This model incorporated any of the noninvariance elements 
from previous models (intercepts that were unequal were left to freely vary 
across groups). The model was significantly different from the partial scalar 
invariance model with the DCFI not meeting the critical threshold of .001. 
Modification indices indicated that three residual errors should be freed. 
The resulting model was compared to the partial scalar invariance model 
and provided evidence the freed parameters and remaining constraints pos
iting equality of residual errors was plausible. Here too, the average 

7Follow-up pairwise comparisons (t-tests) indicated that the 17- to 15-year-old comparison was significant, mdiff 

¼ 0.115 (SE ¼ 0.033), z-critical value ¼ 3.468, p < .001 and the comparison of 16- to 15-year-olds was 
significant, mdiff ¼ .095 (SE ¼ .031), z-critical ¼ 3.006, p < .01, with both favoring older students scoring higher. 
These models were run with both the scalar invariance and the factor mean invariance configurations producing 
the same results.

16 M. KOMARC ET AL.



absolute difference in error variances between the fully constrained and 
partial error invariance model for both female and male students was Ddavg. 
¼ .008. These numbers reinforce that there was little disfigurement to the 
model estimates as a result of relaxing equality constraints. A model posit
ing equality of factor variances indicated that one factor variance constraint 
(affective self-management) should be relaxed. The absolute average differ
ence between factor variances within gender was Dr2 ¼ .009 indicating lit
tle model distortion by freely estimating a single factor variance term.

The next model in the MI sequence was part of the construct-related 
invariance testing procedure and involved positing equality of factor cova
riances/correlations. This model indicated that one correlation between 
self-reinforcement and affective self-management needed to be freely esti
mated. The association was smaller in magnitude for females (r ¼ .721) 
compared to male students (.823). The average absolute difference within 
gender for the three correlations comparing the full and partial invariance 
models was Dravg. ¼ .009. The final step in the measurement invariance 
procedure for the three primary factors tested the equivalence of latent fac
tor means. As Table 1 shows, this model required relaxing a single con
straint on the mean of decision-making skills. The mean gender difference 
was significant by the z-critical test, mdiff ¼ .111 (SE ¼ .021), z-critical ¼
2.941, p ¼ .003, the positive value indicating that female students scored 
higher than male students.

Higher-order model

The magnitude of correlations among the primary factors for the age and 
gender subgroups suggests that we may be able to specify a higher-order 
factor tapping cognitive monitoring representing one facet of metacogni
tion. Figure 2, Parts A and B, shows the results of the higher-order model 
with a single factor hypothesized to statistically “cause” the associations 
among the first-order factors (factor loadings are shown separately for each 
age and gender subgroup).

The same sequence used in the primary factor invariance tests was 
repeated for the higher-order factor, testing a configural model, then con
straining factor loadings and item intercepts across groups (constraints 
were imposed at the level of the primary factors). Table 2 shows the model 
fit indices corresponding to the higher-order MI tests for both age and 
gender.

Turning first to the age comparisons, the results of the configural model 
showed that the pattern of fixed and free loadings fit well in in the differ
ent age groups. The average loading for the three primary constructs was 
.806, .765, .737, and .728 for the 15, 16, 17, and 18-year-old age groups. 
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The average difference in factor loadings across all possible age compari
sons was .09, .06, and .02 for decision-making, self-reinforcement, and 
affective self-management, respectively, suggesting very little variability in 
the magnitude of loadings from one age group to another. Referring to 
Figure 2A, the smallest magnitude loading was for decision-making skills at 
each age group (k’s ¼ .587, .526, .501, and .413, respectively) and the larg
est magnitude of loading was for self-reinforcement (k’s ¼ .974, .894, and 
.918 for the 15-, 16- and 17-year-old groups). The loading for affective self- 
management was largest for the 18–19 year-old group (k ¼ .924). The 
nested comparison between the metric and configural model indicated that 
a single factor loading (affective self-management) should be released for 
all of the age groups.8 The resulting model showed the average difference 
in factor loading between the partial metric and full metric model was .003, 
.002, .033, and .008 within age group across the three primary factors.

A model positing invariant factor variance for the higher-order factor 
also showed evidence of noninvariance. The variance for the second-order 
construct was relaxed for the 16-year-old group and produced a nonsignifi
cant Dv2 (see Table 2). The final model in this sequence tested invariance 
of the higher-order factor mean across age groups. This model was not 

Figure 2. Standardized estimates for the higher order CFA model for age (Part A) and gender 
(Part B).

8Since we obtained metric invariance in the primary factor models, we set the metric and identified the second- 
order model using the first primary factor (for both age and gender analyses).
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significantly different from the previous step and thus no further testing 
occurred for the age subgroups.

The lower portion of Table 2 contains the measurement invariance test
ing sequence results for the gender higher-order model. The average load
ing for the primary factors was .737 for females and .774 for males (Dk ¼

.04). The metric model provided evidence of invariance, but the scalar 
model was significantly different from the previous step indicating some of 
the primary factor means should be relaxed. Consistent with the primary 
factor model results, the intercept of decision-making was relaxed and this 
produced a good fitting model based on the Dv2. The z-critical test indi
cated that females scored higher than boys, z-critical ¼ 3.171 (SE ¼ .038), 
p < .01, mdiff ¼ 0.122. The factor variance model also showed the need to 
freely estimate the variance of the higher-order construct (r2 ¼ .070 and 
.083 for females and male students, respectively). Factor means were 
invariant.

Discussion

In this study we took steps to clarify the composition and structure of the 
self-monitoring function of metacognition in four different age groups and 
by gender. Although there has been considerable discussion regarding the 
composition of cognitive monitoring and how it operates in different age 
and gender groups, very few studies have tested MI using quantifiable 
methods. This type of clarity is needed as cognitive monitoring is a central 
component of the 21st century skills that are being taught to youth across 
the world (e.g., Binkley et al., 2012; Greiff et al., 2014). These skills include 
competencies that are essential for critical thinking and problem solving, 
paving the way for learners to become leaders. The current findings show 
that at a very basic level, the self-regulatory function of cognitive monitor
ing is comprised of three uniquely different but related skills that collect
ively represent the procedural (tactical) elements of metacognition. These 
skills include how youth solve problems by gathering information, evaluat
ing options and solutions, and weighing alternatives, the self-praise and 
encouragement strategies they use to reinforce themselves for small accom
plishments, and the way they strategize to remain calm, address situations 
that may seem unpleasant, and quell anxiety before engaging a task. All 
represent forms of internal (self-regulatory) feedback students can engage 
as they monitor their progress in addressing tasks and encompass the 
behavioral, cognitive, and emotional tools that students implement to learn.

Tests of MI seek to establish whether the self-report items on a question
naire mean the same thing to different groups (they interpret the questions 
the same), the different groups use the response scales in the same fashion, 
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test or item-specific error variances are consistent across groups, the pat
tern of factor covariances/variances are the same, and the factor means are 
the same (and dispersion is equivalent around the factor means). Beginning 
with the simplest comparison, the omnibus MI tests showed that the 
hypothesized multidimensional configuration of cognitive monitoring and 
the pattern of factor loadings is the same across age and gender groups. 
This means the three factors chosen to reflect cognitive monitoring (and 
the imposition of simple structure) were recovered from the variance- 
covariance matrices of the different subgroups. In addition, the imposition 
of metric invariance showed that the meaning of the constructs (i.e., mag
nitude of loadings) capturing the relationship of the measured variables to 
the latent constructs of cognitive monitoring (i.e., the regression weights) 
was equivalent for the different age and gender groups. This is an impor
tant step in the process of testing invariance because latent factors are not 
“real,” rather they are hypothetical constructs inferred from the properties 
of the measured variables (e.g., Bollen, 2002). Thus, an important step in 
the invariance testing process relies on the veracity and validity of the first- 
order measurement model, which considers the pattern and magnitude of 
the factor loadings as they reflect the different facets of cognitive 
monitoring.

Tests of scalar invariance for the different age groups showed that stu
dents responded to the survey items assessing the different cognitive moni
toring strategies in the same manner resulting in similar item means (i.e., 
equal scale intervals). Obtaining scalar invariance also means that the latent 
means are causing differences in the item intercepts without biasing them 
up or down in any manner (i.e., no additive bias or undue influence on the 
origin of the scales). A model imposing invariance of item means for male 
and female students provided evidence of item-to-group interactions 
reflecting differential item functioning. The four intercepts that were freely 
estimated indicated that female students had higher mean levels for vigilant 
and applied coping strategies.

Conceivably, one explanation for these differences suggests that female 
students benefit from socializing experiences where they are taught to mull 
things over, consider alternatives, and weigh the pros and cons of their 
decisions before acting. This type of strategic thinking would comport with 
findings that show females in this age group have better cognitive emo
tional regulation (e.g., Chaplin & Aidao, 2013; Sanchis-Sanchis et al., 2020), 
and they are better able to cope with stressful situations (e.g., Eschenbeck 
et al., 2007). Cognitive emotional regulation can include planning, refocus
ing, positive reappraisal, and putting things into perspective, some of which 
overlaps with the content of decision-making skills assessed in the current 
study.
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There are also findings in the literature supporting more rumination in 
girls compared to boys in this age group (e.g., Dawson et al., 2023; Jose & 
Brown, 2008). Rumination (i.e., brooding, repetitive and persistent thoughts 
about failure) has been associated with depression even at young ages (e.g., 
Nolen-Hoeksema, 1994; Nolen-Hoeksema & Girgus, 1994). However, there 
is a brighter side to rumination because at times repetitive thinking may 
create more self-insight how to adapt one’s cognitive strategies to the situ
ation at hand. Rumination, in these terms, is best thought of as a form of 
coping (e.g., Broderick & Korteland, 2002) and may have contributed to 
the elevated scores in decision-making (a form of applied coping) in the 
female sample. Findings of this nature could point toward adolescent 
females being more “reserved,” more cautious in their thinking (i.e., more 
pensive and less impulsive, see for example Shulman et al., 2015), as well 
as demonstrating better self-regulation (e.g., van Tetering et al., 2020) and 
coping strategies when faced with stress (e.g., Ziggert & Kistner, 2002). 
Carefully thinking about events, obtaining more information, weighing 
alternatives, and thinking about consequences are all formidable means to 
divert one’s attention from negative events or experiences that is normally 
associated with the “dwelling or brooding” that are signature features of 
rumination.

Other explanations for the gender differences could be a response set 
reflecting social desirability, translation issues, or sample-specific behaviors 
that don’t extend beyond the current sample of Czech high school students. 
In contrast to the item-level findings, we found no evidence of gender or 
age differences when imposing construct-level invariance including latent 
factor means. The latter finding suggests that the levels of cognitive moni
toring, the interrelationships of the latent constructs, and the dispersion 
around the latent means were relatively similar across the different 
subgroups.

Overall, when nested model comparisons indicated noninvariance, only a 
relatively few parameters required relaxing. In any of the efforts to obtain 
partial invariance, we followed conventions suggested by Steenkamp and 
Baumgartner (1998), which entailed freely estimating parameters that had 
relatively large modification indices and also reparametrizing the model 
iteratively one parameter at a time to reconstitute the models. This proced
ure also avoids capitalizing on chance when making model modifications 
(MacCallum et al., 1992). Tests of strict invariance for age provided evi
dence of invariance, however, the same tests for strict invariance for gender 
required relaxing five constraints (33%) to achieve a better model fit. 
Apparently, there is no hard and fast rule (empirical or otherwise) on how 
many constraints can be released before there is a substantive change in 
the model (e.g., Byrne et al., 1989; Putnick & Bornstein, 2016). Monte 
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Carlo studies have indicated some bias on the parameter estimates with too 
many relaxed constraints (e.g., Steinmetz, 2013) although studies by 
Schmitt et al. (2011) and also Meade and Lautenschlager (2004) reported 
that models involving partial invariance contained little parameter estimate 
bias. We found very little bias by computing differences in the estimates 
before and after relaxing constraints, suggesting the models were not 
disturbed.

In both the case of age and gender we did not obtain invariance of cova
riances and variances, thus the correlations are not invariant across the 
subgroups. In the case of age, the association between decision-making and 
self-reinforcement was freely estimated in all of the age groups, and showed 
a pattern of decreasing in magnitude with increasing age. This means these 
skills are not as closely intertwined as youth gain rapport using them and 
they may show preference for using one set of skills over another. The 
association between self-reinforcement and affective self-management was 
freely estimated in the 15- and 17-year-old age groups. For the younger age 
group this association was larger and for the 17-year-old age group the 
association was smaller in magnitude compared to the older age groups. 
For gender, the correlation was smaller in magnitude for females between 
self-reinforcement and affective self-management, but the difference was 
quite trivial.

The rationale behind having factor variance/covariance invariance (and 
metric) is that it supports making cross-group comparisons using standar
dized measures. For instance, when correlating a factor that is invariant 
with an external marker factor, it is safer to make statements about dis
criminant validity when there is homogeneity in how the factor is concep
tualized in different subgroups. Moreover, had we obtained weak, strong, 
and strict invariance, the items would be equally reliable (S3 Table shows 
that omega differed ever so slightly for the subgroups).

Even though we did not obtain complete invariance for all of the models 
tested, not too many parameters had to be freely estimated across the dif
ferent subgroups. This bodes well for subgroup comparisons because all 
roads lead to being able to make quantitative comparisons of means across 
subgroups. In other words, by not having to tinker too much with the 
model configuration (i.e., relaxing too many constraints), we can revisit the 
issues raised by Flavell in his seminal article, and ask who is scoring high
est on cognitive monitoring. In general, older students scored higher on 
the components of cognitive monitoring. More specific pairwise compari
sons indicated that the 16- and 17-year-old age groups were significantly 
different (and higher) in the latent means of some of the facets of cognitive 
monitoring compared to the 15-year-old group and female students scored 
higher than male students on decision-making alone. Despite slight mean 
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differences in levels of cognitive monitoring, the results from all of the sub
group analyses point toward consistent measurement of cognitive monitor
ing as a psychometrically sound latent theoretical construct that can be 
inferred from the properties of measured variables.

The higher-order model produced additional information regarding the 
composition of cognitive monitoring and its consistency across age and 
gender groups. For instance, the configural model showed that the loading 
for decision-making skills was appreciably smaller in magnitude than the 
other two primary factors in all of the subgroups. This suggests that the 
meaning of the higher-order factor could be interpreted as reflecting more 
internal self-talk strategies targeting reward strategies and regulation of 
highly charged emotional states as opposed to behavioral coping skills that 
students use when faced with problem solving tasks. Notably, there were 
very small differences in the means of the primary factors and only a single 
relaxed factor variance (indicating some heterogeneity in the distribution of 
latent mean scores for 16-year-old group).

Limitations

There are a number of limitations to this study worth noting. The cross- 
sectional nature of the data prevents us from making causal inferences 
about cognitive monitoring that can be attributed to age and gender differ
ences. Although we can address mean differences by age for between-group 
comparison, we cannot infer intra-individual change in the underlying cog
nitive skills. Understanding development in this manner requires prospect
ive longitudinal data that follows the same individual over time, which we 
are in the process of gathering. The data represent cognitive monitoring in 
Czech high school students, and it may be worth pursuing cross-cultural 
comparisons. Many latent nuisance variables can contribute to the noted 
group differences including socialization, family factors, motivation, self- 
regulation, and other personality factors, all of which have been implicated 
in metacognition (e.g., Efklides, 2001; Harrison & Vallin, 2018). Additional 
studies implicate intelligence in the development of metacognition, but the 
literature is not conclusive on this matter based on both individual studies 
(Hertzog & Robinson, 2005; Veenman et al., 2004) and by a recent meta- 
analysis (Ohtani & Hisasaka, 2018). The literature on rumination suggest 
that girls think “inwardly” and ruminate about negative events more than 
boys, but we don’t know if it is domain specific or extends to cognitive 
monitoring in terms of problem-solving and tasks conducted in more aca
demic settings. As Veenman et al. (2006) point out, cognitive monitoring is 
complicated and not easy to study, both conceptually and methodologically. 
Numerous factors have to be considered, as students may actually possess 
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cognitive monitoring skills, but not use them for many reasons (e.g., test 
anxiety interferes with application). We did not examine the declarative 
component of metacognition (i.e., knowledge and experiences), only the 
procedural component, the latter owing to the focus on monitoring and 
self-regulatory skills (e.g., Schneider et al., 2022; Schraw, 1998).

Correlations between different cognitive skills may be inflated due to 
method variance, which can reflect a host of biases introduced by the par
ticipants’ beliefs (implicit or otherwise) about cognitive monitoring (e.g., 
Podsakoff et al., 2003). The model testing process used large-sample statis
tical theory to determine model fit. It is likely that the models generated 
provided a plausible representation of the system of influences captured by 
the variables and their interrelationships. However, the ML goodness-of-fit 
indices are sensitive to sample size leading to an increased probability of 
rejecting a true model even with just trivial discrepancies in the residual 
matrix (Bentler & Bonett, 1980). Finally, we can rule out that any measure
ment differences are confounded by characteristics of the samples because 
we found so few significant differences in demographics for the different 
age and gender subgroups. Despite these concerns, the current study pro
vides a more in-depth psychometric view of the self-regulatory aspect of 
cognitive monitoring and contributes to the growing literature by demon
strating whether its complexion varies along age and gender using a rela
tively large sample. Future studies may want to replicate this approach in 
an effort to establish the generality of findings.

Implications

Studies of cognitive monitoring essentially seek ways to improve students 
learning skills by teaching them ways to memorize, organize their thinking, 
and recall information using mnemonic strategies (e.g., Efklides, 2001; 
Pintrich, 2002). The goal of instructional efforts is to boost students’ confi
dence they can access these strategies, and know when and how to apply 
them, in which situations, and for which specific tasks. Discerning these 
choices can render learning easier and also make it more enjoyable. There 
is now growing evidence through meta-analysis that programs of this 
nature work (e.g., Donker et al., 2014). Students are likely to become more 
self-aware of the conditions in which they should apply cognitive strategies, 
building greater self-knowledge, and achieve a sense of accomplishment. 
Several authors have commented that the ultimate goal of understanding 
cognitive monitoring is to glean more information about motivation and 
use this information to improve student scholastic performance (e.g., 
Efklides, 2008). In essence, understanding cognitive monitoring is essential 
to learning more about what prompts students to engage in tasks, remain 
persistent, and believe in their own abilities (Bandura, 1997). Once these 
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relationships are more clearly understood, efforts can be made to foster 
new cognitive monitoring skills and bolster students’ judgments about their 
capabilities.

In the current study, and with relatively few differences, all of the hier
archical MI tests point toward both age and gender similarity in the meas
urement and structural composition of cognitive monitoring. This suggests 
that broad-based instructional programs that focus on improving cognitive 
monitoring skills can be applied across different age and gender subgroups 
with likely the same benefits overall. Still, there remain many questions 
about cognitive monitoring that need to be addressed. For instance, one of 
the important questions to address is whether improving cognitive moni
toring strategies will improve student motivation in scholastic contexts and 
overall whether these improvements are linked to performance and self- 
knowledge. In other words, what is the link between internal self-reflection 
(i.e., introspection to become self-aware through cognitive monitoring) and 
motivation? Furthermore, what is the link between both cognition and 
motivation and self-knowledge in terms of traditional self-constructs 
including self-esteem and self-efficacy? Addressing these linkages can help 
to provide a basis for instructional methods that target improved cognitive 
monitoring skills as a means of addressing core issues of the self. In the 
current study, cognitive monitoring was comprised of three unique skills 
that tap into mental heuristics. It is of paramount importance then to learn 
whether improvements in one facet will rollover to other facets of monitor
ing. This type of skills-based cascade is conceivable because the learner or 
the “self” is at the core making decisions when to engage cognitive moni
toring, when it is most likely to result in the desired endpoint.

There is also a great deal to be learned about when students fail to utilize 
their cognitive monitoring skills. This may be at the heart of why some stu
dents report they don’t engage well in school or do poorly on tests, because 
they fail to implement cognitive monitoring skills that can provide impetus 
when faced with difficult tasks. The absence of “metaskills” may interfere 
with a student’s willingness to engage in problem solving tasks (Mayer, 
1998). To offset deficits in monitoring and regulation, programs emphasiz
ing cognitive monitoring should focus on making students more attentive 
to their own self-knowledge (awareness of what strategies work and don’t 
work), when to apply these strategies as heuristics to reduce cognitive 
“load,” to be cognizant of the efficiency of strategies, and how to communi
cate what is happening in their interior world cogently. The ultimate goal 
is to make studying, learning, remembering, recalling, and problem solving 
all a bit more fun and easier.
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