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Objectives: In this study, we investigate (i) how students’ metacognitive awareness affects their learning effectiveness in operations
management education and (ii) whether students can improve their learning effectiveness by training in metacognitive learning skills.
Methods: This study was designed as a longitudinal study that followed the same participants (i.e., business students) at a state univer-
sity in the U.S. for one semester. One class of 23 students was the experimental group, and the other class of 27 students was the control
group. Structural equation modeling analysis was conducted based on survey data to examine the impact of metacognitive awareness
on learning performance. Additionally, we tracked changes in test scores of the experimental and control groups in supply chain man-
agement (SCM) courses over one semester and analyzed the differences using analysis of variance.

Results: The results showed that (i) metacognitive awareness was significantly related to students’ learning effectiveness in SCM
courses, and (ii) the learning performance of the experimental group who practiced metacognitive learning skills for one semester
was significantly higher than that of the control group who did not practice. These findings suggest that a metacognitive lens can
serve as a more fundamental framework for problem-solving in business activities.

Conclusions: Today’s managers face more complex and multidisciplinary challenges than ever before, so managers need to have
metacognitive insights that function as a framework for continuously reflecting on existing business practices and discovering in-
novative alternatives. We hope this study will be a stepping stone for developing curricula that foster managerial metacognition in
future business education.
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Introduction

Metacognition is a higher-order cognition that allows people to
be aware of and control their own cognitive processes involved
in decision-making and learning (Cho & Linderman, 2019;
Flavell, 1979; Kaberman & Dori, 2009). Briefly, metacognition
can be described as cognition about cognition (Flavell, 1976).
Studies have shown that this metacognitive awareness leads to
better decision-making (Argyris, 1991; Berardi-Coletta, Buyer,
Dominowski, & Rellinger, 1995; Swanson, 1990). Metacogni-
tion is thus considered a key concept in the problem-solving
process (Celiker, 2015; Hartman, 1998).

In social science, metacognition is largely sub-conceptualized
into metacognitive knowledge and metacognitive regulation
(Baker & Brown, 1984; Schraw, Crippen, & Hartley, 2006).
Specifically, metacognitive knowledge relates to individuals’
knowledge about their own cognitive processes, task, and strat-
egies (Boyle, Rosen, & Forchelli, 2016; Flavell, 1979). Metacog-
nitive regulation refers to planning, monitoring, and evaluating
cognitive activities during learning and problem-solving tasks
(Schraw, 1998). Field-specific studies on the conceptualization
of metacognition are summarized in Table 1.

Based on this conceptualization of metacognition, many
studies have been conducted to explore how students’ meta-
cognitive awareness affects their learning outcomes in various
educational fields such as chemistry, biology, mathematics, and
engineering (Aleven & Koedinger, 2002; Cook, Kennedy, & Mc-
Guire, 2013). There is broad agreement that students with high-
er metacognitive abilities are more adept at problem-solving
and learning than those with lower metacognitive abilities (Fla-
vell, Miller, & Miller, 2002; Swanson, 1990). Moreover, previous
studies have demonstrated that students who have acquired

Table 1. Components of metacognition
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metacognitive skills learn more effectively than those who have
not (Cook et al., 2013; Kaberman & Dori, 2009; Zimmerman &
Schunk, 2001).

Although metacognitive effects on the learning process have
been studied in many other academic disciplines, there is little
understanding of the relationship between students’ metacogni-
tive awareness and learning effectiveness in business education.
Furthermore, in the field of operations management, there has
been no research to date on how teaching metacognitive learn-
ing skills affects students” learning performance. Therefore, to
fill this research gap, this study aims to answer the following re-
search questions: (1) Is students” metacognitive awareness related
to their learning effectiveness in operations management educa-
tion? (2) Can students improve their learning outcomes in opera-

tions management courses by training in metacognitive learning
skills?

Methods

The participants in this study were 50 undergraduate students
majoring in business administration at a state university in the
United States. They were all taking a supply chain management
(SCM) course in the same semester. One class with 23 students
became the experimental group, and another class with 27
students became the control group. Both classes were based on
the same curriculum and were taught by the same instructor.
The study participants included 41 students aged 18-29 and 9
students aged 30 or older, of whom 15 were male, and 35 were
female. Based on the guidelines of Caruana, Roman, Hernan-
dez-Sanchez, & Solli (2015), this study was designed as a longi-
tudinal study, following the same participants over a semester.

Study Discipline Contribution Components
Schraw and Dennison Educational psychology Develop a 52-item inventory to Knowledge about cognition (declarative knowledge,
(1994) measure adult’s metacognitive procedural knowledge, conditional knowledge)

awareness.

Mokhtari and Reichard
(2002)

Haynie (2005)

Educational psychology

Entrepreneurship

Van Dyne et al. (2012) Social psychology

Cho and Linderman
(2019)

Operations management

Assess student’s metacognitive
awareness of reading strategies.

Explore the role of metacognitive
awareness in entrepreneurial
decision policies.

Conceptualize the metacognitive
cultural intelligence (CQ).

Explore the impact of managerial
metacognition on process
improvement practices.

Regulation of cognition (planning, information
management, monitoring, debugging, evaluation)

Global reading strategies, problem-solving strategies,
support reading strategies

Goals and motivation, metacognitive experience,
metacognitive knowledge, metacognitive
monitoring, metacognitive control

Metacognitive planning, metacognitive awareness,
metacognitive checking

Goal orientation, metacognitive knowledge,
metacognitive experience, metacognitive strategy,
monitoring
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At the beginning of the semester, with their consent, a metacog-
nitive awareness test was administered to all students, including
both the experimental and control groups. On the other hand,
only the experimental group received the metacognitive test re-
sults and instructions on interpreting the results, which took ap-
proximately 30 minutes. The SCM class had three course exams
during the semester. After taking the exams, the experimental
group was asked to perform an individual assignment to eval-
uate their exam results and develop future learning strategies
from a metacognitive perspective. Details of the metacognitive
awareness exercise on exam results are provided in Appendix 1.
Metacognition refers to a higher-order cognitive process of
thinking that makes decisions (Flavell, 1979). Understanding
which learning process is most effective for students can serve
as a foundation for developing more effective metacognitive
learning strategies. Hence, the experimental group was trained
to evaluate their own learning process and develop learning
strategies based on the results of the learning style assessment,
which was originally developed by Robbins and Hunsaker (2011,
pp- 17-21) based on the research of Kolb (1976, pp. 21-31). More
information about this exercise can be found in Appendix 2.

A multi-item scale was developed to measure metacognitive
awareness based on previous studies. The survey questions of
metacognitive awareness consisted of items to measure meta-
cognitive knowledge (i.e., declarative knowledge, procedural
knowledge, conditional knowledge) and metacognitive regu-
lation (i.e., planning, monitoring, evaluation, debugging, and
information management) (Schraw & Dennison, 1994). The
measurement items were adapted from the studies of Schraw
and Dennison (1994) and Mokhtari and Reichard (2002). How-
ever, while the metacognitive awareness measure developed by
Schraw and Dennison (1994) was intended for general adults,
our study primarily focused on student learning, so the mea-
surement scale was slightly adjusted to fit the purpose of this
study. For each item, survey participants were asked to indicate
the extent to which they agreed or disagreed with the statement
using a 7-point Likert scale, ranging from (1) strongly disagree
to (7) strongly agree. Further details on the metacognitive
scales used in this study are presented in Table 2. Additionally,
students’ learning effectiveness in operations management edu-
cation was measured by the scores of three exams administered
during the semester in the SCM course.

The reliability and validity of the measurement were tested.
First, Cronbachs alpha values for most variables, except declar-
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ative knowledge and monitoring variables, met the acceptable
reliability level of .70 or higher (Cronbach, 1951; Nunnally &
Bernstein, 1994), as shown in Table 2. Next, confirmatory fac-
tor analysis (CFA) was performed to assess the validity of the
measurement. The ‘Metacognitive Awareness Scale for Adults’
by Schraw and Dennison (1994) originally consisted of 52 scale
items. However, based on the test result of CFA, 21 items whose
factor loadings did not reach the suggested threshold of .50
were deleted (Hair, Black, Babin, & Anderson, 2010, p. 686).
As a result, the remaining 31 scale items were included in the
final research model, and all items met the .50 criterion, ranging
from .54 to .98. The details of all evaluation test results for the
survey measures are presented in Table 2.

Results

To answer the first research question of this study, Is students’
metacognitive awareness related to their learning effectiveness in
operations management education?, we conducted a structural
equation modeling (SEM) test based on students’ survey data.
The data samples used in this SEM test were collected from all
participants in the experimental and control groups. Students’
metacognitive awareness was assessed with voluntary consent,
and seven students in the control group did not participate, so
the total sample size used in the SEM test was forty-three.

Figure 1 reports the test results from the SEM analysis using
the IBM AMOS software. Figure 1 summarizes the results of
the SEM test on the relationship between students’ metacognive
knowledge, metacognitive regulation, and learning effectiveness
in the SCM course. The results indicated that metacognitive
knowledge was significantly related to metacognitive regulation
(B =918, t = 4501, p < .001). Additionally, our research results
showed that metacognitive regulation had a significantly pos-
itive impact on the learning effectiveness of students taking a
SCM course (f3 = .446, t = 2.703, p = .007).

Analysis of variance (ANOVA) is often adopted for longitu-
dinal analysis (Caruana et al., 2015), so we conducted ANOVA
to examine our second research question, Can students improve
their learning outcomes in operations management courses by
training in metacognitive learning skills? We tracked changes in
test scores for the experimental and control groups while the ex-
perimental group practiced metacognitive learning skills twice
during the semester. Table 3 shows the change in mean scores
of the experimental and control groups on three SCM tests
administered during the semester. The ANOVA test results in-
dicated no statistically significant difference between the mean
scores of the two groups on the first SCM exam (p = .152), but
on the final SCM exam, the mean scores of the experimental
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Table 2. Confirmatory factor analysis (CFA) results of the metacognitive awareness measures for students

Factor Scale items Loading® SE°  t-value
Metacognitive knowledge
Declarative knowledge | know what the teacher expects me to learn. 62
(a=.60) | excel at organizing information. 71 24 4.28%*
| understand my intellectual strengths and weaknesses. 54 20  345%*
Procedural knowledge | automatically employ effective learning strategies. 92
(a=.76) | am aware of the strategies | employ when | study. .80 .09 7.52%%*
| have a specific purpose for each strategy | employ. .90 08  10.37***
| attempt to employ strategies that have worked in the past. 81 .06 7.79%**
Conditional knowledge | know when each strategy | employ will be most effective. 74
(@=.79) | utilize my intellectual strengths to compensate for my weaknesses. .78 24 479%**
| learn best when | know something about a topic. 73 22 4.50%**
Metacognitive regulation
Planning (a=.77) | organize my time to achieve my study goals most effectively. 94
| check if all the materials are organized before | begin studying. 82 .07 8.32%**
| pace myself while learning so that | have sufficient time. .89 07  10.53***
| consider what | really need to learn before | begin studying. 87 06  9.70%**
| set specific study goals before learning. 75 .07 6.92%**
| review the instructions carefully before learning something new. 71 .06 6.15%%*
Monitoring (a = .65) | consider several alternatives to a problem before responding. 69 .05 6.17%%*
I find myself pausing to assess the usefulness of a learning strategy while studying. .98
| periodically ask myself if | am attaining my study goals while studying. 97 04 2225%**
Evaluation (a =.74) | summarize what | have learned after | have completed studying. 63
I ask myself if | have learned as much as | could have after | have completed studying. 95 50 5.171%F
| ask myself if | have considered all the options after | solve a problem. 94 45 5.06%**
| ask myself how well | have achieved my goals after | have completed studying. 93 A4 501%*
Debugging (a =.75) When a text becomes complicated, | retrace my steps in the text to identify 79
interconnected ideas therein.
| stop and revisit new information that is ambiguous. 90 20 6.89%*%*
| reevaluate my assumptions when | get confused. 71 16 5.04%%*
| alter learning strategies when | do not understand something. .88 27 6.67%**
I request others’help when | do not understand something. .82 .28 6.04%*%*
Information management | focus on the meaning and significance of new information. 92
(a=.73) | translate new information into my own words to help memorize it. .80 .10 7.67%%*
| utilize the text structure to help me learn. 86 08  9.03***

Note.? Standardized factor loading.

® Standard error (not estimated when factor loadings are set to a fixed value of 1.0).

0% p < 001,

group (Mean = 25.91, n = 23) were significantly higher than
those of the control group (Mean = 22.66, n = 27) (p = .010), as
shown in Table 4.

Discussion

The results of this study have several practical and theoretical

implications for business education. First, as mentioned earlier,

https://doi.org/10.22682/bcrp.2024.7.2.104

although metacognition research has been conducted in var-
ious academic fields over the past 40 years to explore the role
of metacognition in students’ learning processes, research in
business education is still in its infancy. However, metacognitive
learning skills are an essential quality for college students ma-
joring in business administration, especially operations man-
agement. That's because business education is fundamentally an
academic discipline that deals with strategic decision-making
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Information
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Knowledge Knowledge Knowledge

Figure 1. Structural equation modeling (SEM) results on the effect of metacognition on learning outcomes in operations management edu-
cation. Note. SCM, supply chain management course. * p < .05, ** p < .01, *** p < .001.

Table 3. Mean scores of experimental and control groups in SCM exams

N Mean SD SE 95% confidence interval for mean Min. Max.
Lower bound Upper bound

SCM 1% exam Experimental 23 21.34 3.51 73 19.82 22.86 15.00 28.00
Control 27 19.66 448 .86 17.89 2143 10.00 28.00

Total 50 2044 4.11 .58 19.27 21.60 10.00 28.00

SCM 2™ exam Experimental 23 20.04 5.04 1.05 17.86 2222 11.00 29.00
Control 27 23.40 5.67 1.09 21.16 25.65 7.00 29.00

Total 50 21.86 5.60 .79 20.26 2345 7.00 29.00

SCM final exam Experimental 23 2591 3.90 81 24.22 27.60 16.00 30.00
Control 27 22.66 4.56 87 20.86 24.47 10.00 29.00

Total 50 24.16 453 64 22.87 2544 10.00 30.00

Note. SCM, supply chain management.

Table 4. Analysis of variance (ANOVA) test results

Sum of squares df Mean square F-value p-value
SCM 1% exam Between groups 35.10 1 35.10 212 15
Within groups 793.21 48 16.52
Total 828.32 49
SCM 2™ exam Between groups 140.54 1 140.54 4.82 .03
Within groups 1,397.47 48 29.11
Total 1,538.02 49
SCM final exam Between groups 130.89 1 130.89 7.5 .01
Within groups 877.82 48 18.28
Total 1,008.72 49

Note. SCM, supply chain management.
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related to business activities. In particular, the operations man-
agement perspective enables a more systematic and quantitative
approach to these decision-making processes. Previous stud-
ies have shown that entrepreneurs with higher metacognitive
awareness are more likely to seize early business opportunities
and achieve entrepreneurial success (Cho & Jung, 2014; Haynie,
2005). Empirical studies have shown that managerial metacog-
nition significantly impact the effectiveness of various process
improvement practices such as total quality management
(TQM), six sigma, and business process reengineering (Cho &
Linderman, 2019). In light of these arguments, teaching meta-
cognitive skills to business students should be considered an
inevitable and urgent task of business education to help them
become effective strategic decision-makers.

Second, the results of this study proved that metacognitive
awareness was significantly related to students’ learning effec-
tiveness in the SCM course. However, the SEM test results of
this study showed that metacognitive knowledge, which is a
component of metacognitive awareness, does not directly affect
learning effectiveness and that students can achieve effective
learning outcomes only when they have appropriate metacogni-
tive regulation abilities. Thus, when developing a metacognitive
curriculum for business education, greater emphasis should be
placed on improving metacognitive regulation (i.e., the ability
to manage one’s cognitive processes) rather than metacognitive
knowledge (i.e., knowledge about one’s cognitive processes).

Last but not least, the results of this study presented that
training in metacognitive learning skills positively affected stu-
dents’ academic achievement. That is, the average final exam
score of the experimental group who practiced metacognitive
learning skills during a semester was significantly higher than
that of the control group who did not practice metacognitive
learning skills. However, there was no statistically significant
difference between the experimental and control groups in the
first exam. These results are similar to those of Cook et al. (2013),
who studied the effects of metacognitive learning strategies on
learning outcomes in chemistry courses. Consequently, the re-
sults of this study also provide empirical support for the meta-
cognition theory that metacognitive ability can be improved
with appropriate training, ultimately leading to better job per-
formance (Nietfeld & Schraw, 2002; Schmidt & Ford, 2003).

Conclusion

This study explored the relationship between students’ meta-
cognitive awareness and learning success in operations man-
agement education. The results of this study showed that (i)
metacognition is significantly related to learning effectiveness
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in SCM courses, and (ii) metacognitive awareness can be im-
proved through classroom training. These findings imply that
the metacognitive lens is a more fundamental and practical
framework for problem-solving processes in various business
activities. With the AI-driven fourth industrial revolution,
today’s managers face more complex and multidisciplinary
challenges than ever. To respond to this business environment
and maintain competitive advantage, managers must have
metacognitive insights that act as a framework for continuously
reflecting on existing business practices and discovering inno-
vative alternatives. Accordingly, teaching metacognitive skills to
business students is now seen as an inevitable and urgent new
mission of business education to help them become effective
decision-makers in a dynamic industry environment. Business
schools can no longer function as catalysts and educational
hubs of innovation unless they innovate their own curricula.
Therefore, we hope this study will serve as a stepping stone for
developing curricula that foster managerial metacognitive capa-
bilities in future business education.
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Appendix

Appendix 1. Metacognitive awareness exercise on the exam results

After reviewing your 1% exam results, please indicate your opinion and develop a reflection report on your metacognitive awareness in learning.

1.What score did you get on your 1% exam?

2. How well do you feel you have performed on your 1% exam?

3.Why do you think you have performed the way you did on your 1* exam?

4. Do you think what learning strategies best or worst prepared you for your 1% exam?

5. Develop specific and feasible action plans (e.g., learning procedures and strategies) you would take to improve your performance on the next
exam. For this assignment, you may refer to your self-assessment exercise regarding metacognitive awareness in learning.

Appendix 2. Metacognitive awareness exercise on the learning style

Step I. Assessing: Your Learning Style

Rate your learning style by ranking the following eight statements. For each scale, choose the number that best describes your behavior: (1) “This
does not describe me at all”to (5) “This describes me perfectly”

1. enjoy exploring new experiences and relationships to see what | can learn.

2.1actively engage in‘here and now’ experiences that allow me to know how | impact my surroundings and others.

3.1 carefully observe events and people and reflect on what | see and hear happening around me.

4.1 enjoy talking with other people about our recent experiences to understand what they say, what they do, and why things happen.
5.1 enjoy manipulating abstract ideas and symbols to visualize how concepts and objects relate.

6.1 like to use “what if” reasoning and synthesize ideas to create hypotheses and models for future testing.

7.1like to take risks by testing my ideas on others and seeing if they work.

8.1am a decisive and practical problem solver who enjoys executing plans.

Step Il. Scoring: Your Learning Style
Add your “scores” for each sequential pair of questions in the following table to determine your learning style preferences.

Scores Learning style

1 +2 = Concrete experience

3 +4 = Reflective observation

5 +6 = Abstract conceptualization
7 +8 = Active experimentation

Step lll. Interpreting: Learning Style Scores
A higher score indicates a preferred learning process; therefore, a higher score indicates a higher likelihood that the process will be used for learning.

Active
Experimentation

sl =
N © &
o - %,
'6\% ~ ()
& o %,
N %
N @ 2,
¢ IN >
w 3
N
Abstract - Concrete
Conc ptualizati <109876543219_12345678910>
N
w
ES
% ¢
Ja}é),/- :: ‘a'd\
2 N .\‘\Q
25, o &
(9 \)
% |e] 9
N4

Reflective
Observation

Step IV. Developing: A Reflection Report

1. After scoring your learning processes, indicate your dominant learning style and write a reflection report on your learning score (e.g., What
does your learning score mean? What have you known about yourself newly? What are your strengths or weaknesses in learning? and so on).

2. Develop specific and feasible action plans you would take to improve, leverage, or balance your learning styles.
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