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Abstract: Previous studies have demonstrated that thinking dispositions and working memory
are closely related to students’ critical thinking ability. However, little is known about whether
bidirectionality between thinking dispositions, working memory, and critical thinking ability exists
in adolescence. This study, therefore, explored this aspect across two time points. Participants were
509 Chinese adolescents (mean age at Time 1 = 14.09 years; 59.7% girls). At Time 1, adolescents
were administered the measures of thinking dispositions, working memory, and critical thinking
ability. They were reassessed using these measures at Time 2 one year later. The results revealed
a bidirectional longitudinal relationship between adolescents’ thinking dispositions and critical
thinking ability, suggesting that thinking dispositions at Time 1 predicted critical thinking ability
at Time 2; critical thinking ability at Time 1 also predicted subsequent thinking dispositions in
adolescents. Furthermore, working memory at Time 1 showed a larger predictive effect on critical
thinking ability at Time 2 compared with thinking dispositions at Time 1. These findings underscore
the role of early thinking dispositions and working memory in promoting adolescents’ critical
thinking ability.
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1. Introduction

Critical thinking is widely regarded as a vital skill in the 21st century and has long been
of interest in educational and psychological research (Santos-Meneses et al. 2023). Critical
thinking ability enables students to achieve academic success, solve real-life problems, and
function effectively in the modern world (Akpur 2020; Hwang et al. 2023; Ku et al. 2019;
Vidal et al. 2023). Developing students’ critical thinking ability is not only essential for their
social adjustment but also enhances the overall quality of their education. Therefore, an in-
creasing number of countries worldwide have placed special importance on the cultivation
of critical thinking abilities at all levels of education (Alpizar et al. 2022; Fan and See 2022;
Hwang et al. 2023). Adolescence is a critical developmental stage of high-order thinking
and a key period for cultivating critical thinking abilities (Alpizar et al. 2022; Lin and Shih
2022). A deeper understanding of the factors influencing adolescents’ critical thinking
ability is undoubtedly important and can help in designing interventions to increase their
capabilities. Previous studies have demonstrated that thinking dispositions and working
memory are closely related to students’ critical thinking ability (e.g., Dwyer et al. 2014;
Li et al. 2021). However, little is known about whether bidirectionality between thinking
dispositions, working memory, and critical thinking ability is found in adolescence and
how thinking dispositions and working memory might be associated with critical thinking
ability across time. The current research aimed to examine the bidirectional associations
among adolescents’ thinking dispositions, working memory, and critical thinking ability
across two time points one year apart.
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1.1. Thinking Dispositions and Critical Thinking Ability

Critical thinking is reasonable, reflective thinking focused on deciding what to believe
or do (Ennis et al. 2005). This definition implies that critical thinking helps people engage
less in cognitive bias and make better decisions in complex situations (Dwyer et al. 2014;
Ennis 2018). In the context of theories of intelligence, critical thinking might be a lower-
order factor below fluid intelligence as it strongly emphasizes evaluating information,
reasoning logically, and forming judgments based on sound evidence (Carroll 1993; Dwyer
et al. 2014; Ennis et al. 2005). Several researchers have proposed that personality factors,
i.e., thinking dispositions, such as openness to ideas, typical intellectual engagement, and
need for cognition, cause people to invest more effort in intellectual pursuits (Anglim
et al. 2022; Cacioppo and Petty 1982; Fleischhauer et al. 2010; Goff and Ackerman 1992).
Building on Cattell’s (1963) Investment Theory, intellectual effort is theorized to direct the
application of one’s fluid intelligence and lead to the acquisition of knowledge. Thinking
dispositions have emerged as important influences on intellectual activities alongside
cognitive abilities because these dispositions concern not only what people are intellectually
able to accomplish but also how they typically tend to invest their cognitive capacities
(Fleischhauer et al. 2010; Perkins et al. 2000). These theoretical accounts of fluid intelligence
suggest that thinking disposition might be an important predictor of individual differences
in critical thinking.

Theoretical models related to critical thinking also suggest a substantial relationship
between thinking dispositions and critical thinking ability (Dwyer et al. 2014; Facione
2015). For instance, the integrated critical thinking framework developed by Dwyer
et al. (2014) suggests that thinking dispositions are crucial for critical thinking ability.
Thinking disposition is often described as a consistent willingness, motivation, inclination,
and intention to be engaged in thinking processes while reflecting on significant issues,
making decisions, and solving problems (Ku and Ho 2010; Sosu 2013; Stanovich and
Stanovich 2010). However, differences in theoretical conceptualizations and measurement
have resulted in multiple definitions of thinking dispositions’ construct. For example,
Facione and Facione (1992), drawing on the Delphi report, proposed seven dimensions of
thinking dispositions such as open-mindedness and truth-seeking. In Perkins et al.’s (1993)
conceptualization, thinking dispositions entail the tendency to be broad and adventurous,
planful and strategic, intellectually careful, and metacognitive. Halpern (1998) identified
that thinking dispositions encompass five dimensions: willingness to engage in and persist
at a complex task, habitual use of plans and the suppression of impulsive activity, flexibility
or open-mindedness, willingness to abandon nonproductive strategies in an attempt to
self-correct, and awareness of social realities so that thoughts can become actions. Despite
different models and theoretical structures of the thinking disposition, notions of openness
and reflective skepticism pervade the different taxonomies (Sosu 2013). Therefore, the
present study measured these two dimensions of thinking dispositions.

Dispositional influences on individual critical thinking ability are multifaceted. First,
thinking dispositions affect the extent to which people are inclined to perform critical
thinking skills such as analysis and evaluation (Stanovich and Stanovich 2010). Second,
possessing a higher level of thinking dispositions might facilitate students to arrive at
reasonable conclusions by considering different viewpoints and options (Ku and Ho 2010).
Third, thinking dispositions encourage individuals to approach new information or view-
points with a healthy dose of doubt and inquiry (Sosu 2013). A high level of thinking
dispositions helps individuals become more aware of their own cognitive biases and less
likely to make hasty judgments or fall victim to misleading or false information (Li et al.
2023). Facione (2015) also highlighted that thinking dispositions and critical thinking abili-
ties are mutually reinforcing. That is, students with a higher level of thinking dispositions
might have better critical thinking abilities, which may, in turn, improve their thinking
dispositions and vice versa (Dwyer et al. 2017; van Rensburg and Rauscher 2022).

Previous empirical studies have shown evidence favoring that thinking disposition is
closely related to critical thinking ability. Ku and Ho (2010) found that a higher level of
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thinking disposition significantly predicted university students” higher critical thinking
ability. Li et al. (2021) also revealed that thinking dispositions, including analyticity,
self-confidence, and inquisitiveness, were positively related to critical thinking ability.
Additionally, recent studies based on adult samples have investigated the relations of
thinking dispositions with the ability to reason without being biased by prior beliefs, a
crucial aspect of critical thinking (e.g., Ding et al. 2020; Li et al. 2023; Srol and De N eys 2021;
Schubert et al. 2021). The results from these studies offer sufficient evidence that there is a
close link between thinking dispositions and critical thinking ability.

1.2. Working Memory and Critical Thinking Ability

Working memory refers to the cognitive system responsible for temporarily holding
and manipulating information required for complex cognitive tasks (Baddeley 2021). The
integrated critical thinking framework also emphasizes that working memory serves as a
cognitive foundation for critical thinking ability (Dwyer et al. 2014). Both the storage and
processing components of working memory are essential for the development of critical
thinking abilities. First, critically thinking about information relies on processing that
simultaneously actively keeps goal- or task-related representations in mind (Dwyer et al.
2014). Second, applying critical thinking to problem solving is also directly affected by a
person’s ability to engage in a controlled, planful search of memory and effortful retrieval
of additional goal- or task-related information as needed (Dwyer et al. 2014). Finally,
working memory may play a pivotal role in inhibiting thinking bias and resolving the
cognitive conflict involved in critical thinking ability (Bonnefon 2018; West et al. 2008).
Thinking critically highlights adopting appropriate goals, resolving cognitive conflicts, and
taking appropriate actions (Dwyer et al. 2014; West et al. 2008). Working memory as an
ensemble of cognitive mechanisms enables individuals to monitor potential thinking bias
and resolve cognitive conflict during the thinking process (Baddeley 2021; Cowan 2022).
Accordingly, errors or mistakes in critical thinking might arise from lower-level working
memory capacity or a failure of working memory.

Working memory has been shown to predict performance for fluid intelligence (Kyllo-
nen and Christal 1990; Schneider and Niklas 2017; Wang et al. 2021). Meta-analytic studies
have demonstrated that working memory and fluid intelligence share around 50% to 85%
of their latent variance (Kane et al. 2005; Oberauer et al. 2005). These results imply that
working memory is associated with critical thinking, which highlights the ability to solve
complex problems by means of mental operations such as identifying relationships and
drawing inferences (Dwyer et al. 2014; Ennis 2018). Empirical research has also indicated
that working memory plays an important role in various aspects of critical thinking ability,
such as deductive reasoning and the inhibition of thinking biases. For instance, Noone
et al. (2016) found that working memory measured by tone monitoring and letter-memory
tasks predicted critical thinking ability, including argument analysis, verbal reasoning, and
hypothesis testing skills. Evidence from cognitive training has shown that adolescents’
deductive reasoning improved significantly after four weeks of working memory training
(Ariés et al. 2016). A recent study by Li et al. (2021) showed that individual differences in
working memory capacity significantly predicted performance in critical thinking tasks.
Additionally, research has shown that working memory significantly contributes to adults’
ability to override the belief bias when completing syllogistic reasoning tasks (e.g., Ding
et al. 2020; Schubert et al. 2021; Toplak et al. 2014).

1.3. The Present Study

The integrated critical thinking framework suggests that individual differences in
critical thinking ability might arise because of individual differences in working memory
(cognitive ability) or in thinking dispositions (habitual thinking tendency or style). How-
ever, the theory fails to clarify whether thinking dispositions and working memory play
equally important roles in critical thinking ability. More empirical research is required to
reveal how thinking dispositions and working memory jointly influence critical thinking.
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Therefore, the present study focused on how working memory and thinking dispositions
are associated with critical thinking ability to further clarify the relative effects of cognitive
and non-cognitive factors on critical thinking.

The definition of critical thinking emphasizes its cognitive attributes and highlights the
importance of general abilities in this process, implying that the effect of working memory
may be stronger than that of thinking dispositions. Indeed, previous research indicated
working memory predicted critical thinking ability above and beyond thinking dispositions
(Li et al. 2021). However, these studies, mostly using cross-sectional designs, were unable
to clarify the direction and reciprocal relationship between thinking dispositions, working
memory, and critical thinking ability. Therefore, longitudinal research is required to further
check the stability and generalizability of the results regarding these relationships. In
addition, little is known about how thinking dispositions and working memory contribute
to the development of adolescents’ critical thinking abilities. Previous research has mostly
focused on adult samples, and evidence from adolescents is relatively scarce. Considering
that adolescence is a critical developmental stage during which critical thinking ability
exhibits a prominent ascending trend (Lin and Shih 2022), students should be developing
critical thinking ability in secondary school (Alpizar et al. 2022). Thus, understanding the
role of thinking dispositions and working memory in adolescents’ critical thinking ability
can aid in designing instructions for cultivating critical thinking. Such an investigation
was expected to advance our knowledge regarding the role of thinking dispositions and
working memory in critical thinking ability.

In summary, the purpose of the current study was to expand on the existing literature
by examining the longitudinal and bidirectional relationships between thinking disposi-
tions, working memory, and critical thinking ability among Chinese adolescents. To achieve
this, the study employed a cross-lagged design and collected data on adolescents’ thinking
dispositions, working memory, and critical thinking ability across two time points one
year apart. Cross-lagged panel analysis is particularly relevant as it allows us to test the
direction and strength of the link between thinking dispositions, working memory, and
critical thinking ability while controlling for the prior levels of these three variables. Based
on a synthesis of relevant theoretical perspectives and empirical research, we developed the
following research hypotheses to guide our data analysis and interpretation of results: (a)
thinking dispositions have a significant cross-lagged effect on critical thinking ability and
(b) working memory has a larger cross-lagged effect on critical thinking ability compared
with thinking dispositions.

2. Methods
2.1. Participants

Participants were recruited from two schools in Henan Province, a central province in
China. Students participated in the initial data collection at Time 1 (T1) and in the second
data collection at Time 2 (T2), 12 months later. A total of 601 adolescents participated in
the study at T1, with 92 adolescents lost at T2 (15.3% attrition), mainly because of missing
the assessment or being transferred to other schools. The final sample size comprised
509 participants who completed the measurements in the study (59.7% girls; age: M = 14.09
years, SD = 1.61 at T1). There were no significant differences between the included and
excluded adolescents in any of the variables. At T1, the distribution of subjectively reported
household income (1 = “very poor” to 5 = “very rich”) was as follows: 1.6% very rich, 2.6%
rich, 70.7% middle income, 16.5% poorer, and 8.6% very poor. This study was approved by
the Institutional Review Board of the corresponding authors” university. Informed consent
was obtained from all participants and their parents and teachers.

2.2. Measures
2.2.1. Thinking Dispositions

The Chinese version of the Critical Thinking Disposition Scale (CTDS; Sosu 2013) was
employed to assess thinking dispositions. The 11-item CTDS was presented on a five-point,
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Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). Seven items
assessed openness, which reflected the tendency to be actively open to new ideas (e.g., “1
am often on the lookout for new ideas”), and four items measured reflective skepticism,
conveying the tendency to learn from one’s past experiences and be questioning of evidence
(e.g., “I often re-evaluate my experiences so that I can learn from them”). The Chinese
version of the CTDS has good reliability and construct validity (Yang 2016). The total
score for the CTDS was obtained by summing all item responses. Higher scores indicate a
higher level of thinking disposition. The Cronbach’s alphas were 0.88 and 0.85 at T1 and T2,
respectively. We also constructed the measurement model of thinking dispositions; the fit
statistics of this model were acceptable: X%/ df =2.24, CF1=0.95, TLI = 0.92, RMSEA = 0.049,
and SRMR = 0.041.

2.2.2. Working Memory

The modified running memory task based on Akira Miyake et al. (2000) was employed
to assess working memory. Participants were presented with a series of digits, with list
lengths varying between 5, 7, 9, and 11. The task required the participants to recall the
last four digits presented in the list. Each digit was presented for 1000 ms. The interval
between any two digits was 100 ms. The four list lengths were varied randomly across trials
to ensure that participants continuously updated their working memory representations
until the end of each trial. The task comprised five practice trials and 24 test trials (six
trials within each list length). The number of correctly recalled trials was recorded. The
Cronbach’s alphas were 0.69 and 0.73 at T1 and T2, respectively.

2.2.3. Critical Thinking Ability

The Chinese version of the Cornell Critical Thinking Test-Level X (CCTT-X, Ennis et al.
2005) was used to measure adolescents’ critical thinking ability. The CCTT-X is suitable
for students in grades 4-14 and the Chinese version of the CCTT-X has good reliability
and construct validity (Bi et al. 2019; Kwan and Wong 2014). Therefore, we employed
this test to tap into Chinese adolescents’ critical thinking ability. The CCTT-X describes
a fictitious situation followed by a series of alternative inferences and conclusions from
which participants must choose. It comprises 71 multiple-choice items and measures
different aspects of critical thinking ability: inductive reasoning, deductive reasoning,
judging observations and credibility, and identifying assumptions. Each question has
three response options, and only one is correct. The total CCTT-X score was computed by
summing the scores on each item. Higher scores indicate a higher level of critical thinking
ability. The Cronbach’s alphas were 0.71 and 0.68 at T1 and T2, respectively.

2.3. Procedure

At both T1 and T2, the assessment measures of critical thinking ability, thinking
dispositions, and working memory were administered by professionally trained graduate
students in a quiet room. Before the critical thinking ability test began, the researchers
provided a detailed explanation of the task to ensure that the adolescents understood the
task process. One assessment session lasted approximately 60 min, and adolescents were
given a break between tasks. Participants reported their age, gender, and household income
via questionnaires at T1. All tests were completed during regular school hours.

2.4. Statistical Analysis

The preliminary descriptive analyses used SPSS 25.0 to calculate the correlation be-
tween the main study variables. A cross-lagged panel model examining the bidirectionality
between adolescents” working memory, thinking dispositions, and critical thinking ability
across two time points was estimated using Mplus 7.4, statistically controlling for ado-
lescents” age, gender, and household income. Model fit was evaluated by the ratio of
chi-square to degrees of freedom (x?/df), comparative fit index (CFI), Tucker-Lewis index
(TLI), root mean square error of approximation (RMSEA), and standardized root mean
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square residual (SRMR). The acceptable fit indices were X%/ df <5,CFI > 0.90, TLI > 0.90,
RMSEA < 0.08, and SRMR < 0.08.

3. Results
3.1. Preliminary Analyses

We conducted paired samples t-tests to compare the difference between measures
at T1 and T2. The results indicated that critical thinking ability (t = 10.79, p < 0.001),
thinking dispositions (t = 8.02, p < 0.001), and working memory (f = 10.53, p < 0.001) at
T2 were significantly higher than at T1. Table 1 displays the means, standard deviations,
and correlation coefficients of the major variables at T1 and T2. Critical thinking ability
was significantly positively correlated with working memory and thinking dispositions
at concurrent time points. Working memory was significantly positively correlated with
thinking dispositions at concurrent time points. All cross-lagged correlations between the
three variables were significant and positive, suggesting that there was indeed a positive
relationship between working memory, thinking dispositions, and critical thinking ability.
We conducted partial correlation analyses between three measures at T2 while controlling
for these measures at T1. The results indicated that critical thinking ability at T2 was still
significantly correlated with working memory (r = 0.12, p < 0.01) and thinking dispositions
(r = 0.10, p < 0.05). In contrast, there was no significant correlation between working
memory and thinking dispositions after controlling for these measures at T1.

Table 1. Mean (M), standard deviation (SD), and bivariate correlations of study variables.

M SD 1 2 3 4 5 6 7 8

OO N U W=

. Gender

Age

. Household income

. T1 Working memory

. T1 Thinking dispositions

. T1 Critical thinking ability
. T2 Working memory

. T2 Thinking dispositions

. T2 Critical thinking ability

14.09 161 —0.25* -

271 072 0.03 —0.05 -

1728 5.23 0.05 0.12*  0.11* -

4099 558 0.02 0.04 0.05 0.10* -

4041 6.35 0.08 —0.03 0.06 0.35 *** (.29 *** -

19.67 597 0.06 0.03 0.08 0.59*=* 010*  0.21** -

43.06 6.37 0.02 0.11 ** 0.14*  022%* 053** 0.24** 0.18* -
4331 656  0.12* —0.05 0.04 0.39 *** 030 ** 0.56** 031** 030 ***

Note. T1, Time 1; T2, Time 2. * p < 0.05, ** p < 0.01, ** p < 0.001.

3.2. Cross-Lagged Path Analysis

A cross-lagged model was established to examine the predictive effect of variables at
T1 on those at T2 after controlling for age, gender, and household income (Figure 1). The fit
indices indicated that the model performed excellently: )(2/ df =1.07, CFI =0.99, TLI = 0.99,
RMSEA = 0.012, and SRMR = 0.018. In combination, predictors explained the following
percentage of variance in the measures at T2: 34.7% for working memory, 37.7% for thinking
dispositions, and 39.7% for critical thinking ability. All three measures were significantly
(p < 0.05) correlated with each other at T1 (Figure 1). At T2, when previous associations
were controlled for, only two associations remained significant (working memory—critical
thinking ability and thinking dispositions—critical thinking ability; Figure 1).
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059 **k*k
T1 Working memory - — T2 Working memory
\\~\\ 0.04’,”//,
0.10 * \:::<::/ /,' 0.01
X 75004
T1 Thinking -7 D.50 *** T2 Thinking
dispositions dispositions
e 0.10*
029 **k*k ,"/ 028 Fkk 016 kK
I,, Fkx .-y - -
T1 Critical thinking 2 0.15 T2 Critical thinking
ability 0.41 *** ability

Figure 1. Cross-lagged panel model of adolescents” working memory, thinking dispositions, and
critical thinking ability across Time 1 and Time 2. Note: Although covariates (gender, age, and
household income) were controlled for every study variable, the paths are not shown for conciseness.
*p <0.05,**p <0.01, *** p < 0.001.

As shown in Figure 1, the autoregressive paths of working memory (8 =0.59, p < 0.001),
thinking dispositions (8 = 0.50, p < 0.001), and critical thinking ability (8 = 0.41, p < 0.001)
were all significant. Three of the cross-lagged paths were significant (see Figure 1). Specifi-
cally, the cross-lagged path from T1 working memory to T2 critical thinking ability was
significant (8 = 0.28, p < 0.001). However, we did not find a significant association between
T1 critical thinking ability and T2 working memory. This means that working memory
can predict critical thinking ability but not vice versa. The cross-lagged paths from T1
thinking dispositions to T2 critical thinking ability (8 = 0.15, p < 0.001) and from T1 critical
thinking ability to T2 thinking dispositions (8 = 0.10, p = 0.016) were significant. This
indicates a bidirectional link between critical thinking ability and thinking dispositions.
Furthermore, we conducted the Wald test (Muthén and Muthén 2017) to examine whether
the cross-lagged effects of working memory and thinking dispositions at T1 on critical
thinking ability at T2 differed significantly. The results indicated that T1 working memory
had a larger effect on T2 critical thinking ability than T1 thinking dispositions, xX>(1) =727,
p =0.007.

4. Discussion

The present study aimed to provide additional evidence for the role of working mem-
ory and thinking disposition in critical thinking ability. Longitudinal empirical evidence
was required, as most studies have relied on cross-sectional designs (e.g., Ding et al. 2020; Li
et al. 2023; Srol and De Neys 2021; West et al. 2008). Additionally, as most previous studies
were conducted on adults, we provided additional evidence with adolescents. Focusing
on this sample was important given that adolescence is a critical developmental stage
for high-order thinking and a pivotal period in the cultivation of critical thinking ability
(Alpizar et al. 2022; Lin and Shih 2022). To this end, we examined the relationship between
working memory, thinking dispositions, and critical thinking ability using a two-wave
cross-lagged design among a sample of adolescents to provide an in-depth understanding
of how working memory and thinking dispositions are associated with critical thinking
ability across time. We found that after controlling for other demographic variables, think-
ing dispositions and critical thinking ability had a bidirectional predictive relationship. The
cross-lagged model also demonstrated that adolescents’ early working memory exerted
a larger effect on later critical thinking ability than did early thinking disposition. The
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present findings expand existing studies by demonstrating the facilitative role of working
memory and thinking dispositions in adolescents” development of critical thinking ability.

Importantly, our findings first employed a cross-lagged design to demonstrate the
bidirectional relationships between thinking dispositions and adolescents’ critical thinking
ability. Specifically, early thinking disposition is a predictor of adolescents’ later critical
thinking, and early critical thinking ability predicts their subsequent thinking disposition.
The results provide direct evidence supporting the theoretical view that thinking dispo-
sitions and critical thinking ability may contribute to each other over time (Facione 2015;
van Rensburg and Rauscher 2022). Thinking critically about specific information requires
a good attitude toward different and opposing views, willingness to use critical thinking
skills, and habitual engagement in critical thinking; thus, strong thinking dispositions can
benefit critical thinking ability (Dwyer et al. 2014; Ku and Ho 2010). Moreover, children
with good critical thinking ability are more likely to have advanced thinking skills, such
as recognizing assumptions, deductions, interpretations, and analysis, helping them par-
ticipate in more complex cognitive processing activities and gradually improving their
thinking dispositions (Facione 2015). In this vein, adolescents with higher levels of thinking
dispositions can develop more critical thinking skills and have higher critical thinking
ability, which may further foster the development of their thinking dispositions. In recent
years, researchers have designed intervention programs for cultivating good thinkers,
suggesting that critical thinking ability and thinking dispositions mutually enhance each
other (Dwyer et al. 2017). The research results indicate that thinking dispositions and
critical thinking abilities may be mutually influential. While training thinking abilities in
educational practice, it is important to emphasize the cultivation of middle school students’
thinking dispositions to promote their simultaneous development.

The present results suggest that adolescents” early working memory is predictive
of their critical thinking ability one year later, with corresponding autoregressive effects
and demographic variables controlled. This finding is consistent with the integrated
critical thinking framework, suggesting that working memory may serve as a cognitive
foundation to foster high-order cognitive processes, that is, critical thinking (Dwyer et al.
2014). Our results are also consistent with those of previous cross-sectional studies (Ding
et al. 2020; Li et al. 2023), demonstrating that working memory is associated with the
sub-skills of critical thinking ability such as deductive reasoning and inhibition of thinking
bias. Applying critical thinking to solve problems is directly affected by a person’s ability
to actively maintain goal- and task-related information in mind (Dwyer et al. 2014; Noone
et al. 2016). Working memory processing also contributes to critical thinking ability by
monitoring and suppressing the activation of unwanted information or biased thinking
(West et al. 2008). Working memory directly facilitates the processing and manipulation of
information essential for critical thinking tasks such as evaluating and synthesizing complex
ideas (Baddeley 2021; Dwyer et al. 2014). It allows individuals to hold multiple pieces of
information simultaneously, enabling them to make connections and draw conclusions
effectively. Working memory enables individuals to consider multiple perspectives and
hold various ideas in mind, which is crucial for critical thinking (Cowan 2022; Dwyer et al.
2014). This ability to maintain and manipulate diverse information enhances the depth
and accuracy of critical thinking. Furthermore, the current study indicates that, compared
with thinking dispositions, early working memory shows a larger predictive effect on later
critical thinking ability. This echoes theoretical perspectives that highlight the underlying
cognitive characteristics of critical thinking (e.g., Dwyer et al. 2014; Facione 2015) and is
also in line with existing experimental studies suggesting that working memory measures
predicted critical thinking ability over and above thinking dispositions (Li et al. 2021).

The results also depict that working memory may be mainly determined by the prior
level of working memory (as reflected by the strong autoregressive path) but not previous
critical thinking ability. Perhaps the stability of working memory in the present study is so
strong that there may not be enough variance left over for critical thinking to predict, which
leads to the non-significance of the cross-lagged paths from critical thinking to working
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memory. Nevertheless, future studies with three or more time points are necessary to assess
the directionality of these relationships to further investigate the directions of effect and
the associations between working memory and critical thinking ability. Future research
may also consider including adolescents in a wider age range to examine whether age or
class levels may moderate the relationships.

Some limitations of the present study should be considered. The first set of limitations
relates to the measures. We employed only one task or scale to measure thinking dispo-
sitions, working memory, and critical thinking ability owing to time restrictions during
data collection. This prevented us from using confirmatory factor analysis to alleviate the
task-impurity problem embedded in a single measure. Therefore, the cross-lagged model
might have limited stability. A wide range of measures for thinking dispositions, working
memory, and critical thinking ability are recommended to further improve the general-
ization of the findings. Although these tests employed in the present study have good
psychometric characteristics and are appropriate for Chinese participants (Bi et al. 2019;
Yang 2016; Zhao et al. 2022), there is also the possibility of cultural differences in measures
of working memory, thinking dispositions, and critical thinking ability. That is, cultural
factors should be considered in future studies. For example, future research could carry out
a worldwide survey and consider using more inclusive assessments to tap into cognitive
ability (Gutchess and Rajaram 2023; Holden and Tanenbaum 2023; Wang 2021). Another
limitation relates to the measure of the control variable. The robustness of the study results
can be increased by controlling for meaningful covariates such as metacognition or logical
knowledge structures in future research (Akcaoglu et al. 2023; Raoelison et al. 2021). Finally,
cross-lagged longitudinal analysis can provide some support for causal inferences but
does not allow us to definitively infer causality. Future studies using quasi-experimental
intervention design are required to validate the causal relationships between thinking
dispositions, working memory, and critical thinking ability.

Despite these limitations, the findings of the current study have relevant implications
for theoretical advancement. Although theories such as the integrated critical thinking
framework suggest that thinking dispositions and working memory may be recruited in
applying critical thinking skills, no theory has explicitly specified how thinking dispositions
and working memory relate to critical thinking ability and the relative contributions of
thinking dispositions and working memory to the development of adolescents” critical
thinking ability. Our results suggest that working memory is more strongly associated with
adolescents’ later critical thinking abilities compared with thinking dispositions. This result
highlights that, compared to non-cognitive factors, cognitive factors might play a more
significant role in critical thinking ability. Future theoretical models of critical thinking
could consider more clearly stating the importance of cognitive abilities, such as working
memory. The results practically highlight the importance of early thinking dispositions and
working memory in the development of critical thinking ability and suggest the utility of
improving adolescents’ thinking dispositions to foster their critical thinking ability.
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