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	 Abstract
	 Complex problem-solving skills are crucial for career development and future living in everyday life. Instilling complex  
problem-solving thinking methods in students at the school level will prepare them to face the future world effectively. 
The objective of this research is to study the confirmatory components and indicators of complex problem-solving skills 
of upper secondary school students. This research analyses the second-order confirmatory components of complex  
problem-solving skills among upper secondary school students. The study found that future skills consist of five components: 
1) the ability to assess the complexity of situations, 2) the ability to identify problems, 3) the ability to analyze anomalies,  
4) the ability to see the interconnectedness of each causal factor of problems, and 5) the ability to devise creative solutions 
to manage the causal factors and their impacts. The weight of each component of the latent variables was positive, ranging 
from 0.96 to 0.99. The components of the ability to identify problems and the ability to see the interconnectedness of 
each causal factor had the highest weights (ß = 0.99), followed by the ability to analyze anomalies and the ability to devise 
creative solutions to manage the causal factors and their impacts, which were equal in weight (ß = 0.98), and the ability to 
assess the complexity of situations (ß = 0.96). The Confirmatory Factor Analysis (CFA) model was examined for alignment or 
consistency with empirical data. The results indicated that the model is congruent with the empirical data, evidenced by 
a Chi-square value of 363.75, a p-value of 0.00, and degrees of freedom (df) of 235. This demonstrates that the Chi-square 
value is not significantly different from zero at the .05 level, indicating a good fit of the model to the data. Additionally, the 
model shows excellent fit indices: comparative fit index (CFI) and Tucker–Lewis index (TLI) both at 0.99, standardized root 
mean squared residual (SRMR) at 0.02, and root mean square error of approximation (RMSEA) at 0.03. These values confirm 
the hypothesis that the model aligns well with the empirical data.
	 Keywords: complex problem-solving, CFA, problem solving, technology and development, higher secondary education 

	 Introduction
	 In the 21st century, complex problem-solving 
skills have become essential in both educational 
and professional fields, as well as in everyday life. As 
the world becomes increasingly interconnected and  
multifaceted, the ability to navigate and resolve  
complex issues is crucial. Problem-solving is foundational  
in the school learning process, with numerous studies 
highlighting its importance in preparing students for  
future challenges (Fischer et al., 2012; Greiff et al., 2012;. 
Each problem presents unique contributing factors that  
vary depending on the context, making the approach 
to solving these problems highly individualized.
	 The World Economic Forum's Future of Jobs Report  
(2023) emphasizes that over one-third of all sectors 
require complex problem-solving skills as a primary 
work skill, underscoring their significance in maintaining 
a competitive edge in today's dynamic job market. 
Employees with strong problem-solving skills can plan  
and make informed decisions to manage issues  
effectively and efficiently, benefiting both their personal  
career development and their organizations (World 
Economic Forum, 2023).

	 In today's rapidly advancing technological and 
social landscape, complex problem-solving skills have 
become one of the most crucial abilities for preparing 
students for the future. These skills are essential not only  
in everyday life, work, and further education but also in 
fostering creativity, flexibility in thinking, and reasoned  
decision-making. Research by Smith et al. (2022)  
found that these skills help students face challenges 
and adapt to changing situations more effectively.  
Furthermore, they enhance creativity and critical thinking  
in finding solutions to problems. Promoting complex 
problem-solving skills in education prepares students 
for more effective learning and real-world application.  
Wonsiri et al. (2022) discovered that training in these 
skills helps students apply the knowledge they have 
gained to various situations appropriately, making 
learning more meaningful and effective. Additionally, 
developing complex problem-solving skills contributes 
to decision-making, teamwork, and the development 
of other social skills (Smith et al., 2022).
	 This research aims to study the confirmatory  
components and indicators of complex problem-solving  
skills among upper secondary school students. By 
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analyzing the second-order confirmatory components, 
this study seeks to provide insights into the specific 
abilities that constitute effective problem-solving skills 
and how they can be developed in an educational 
setting. The findings will contribute to the design 
of teaching methods and educational systems that 
emphasize these critical skills, preparing students to 
face the rapidly occurring challenges and changes in 
today's world.

	 Objectives
	 To study the confirmatory components and  
indicators of complex problem-solving skills of upper 
secondary school students.

	 Literature Review
	 Complex Problem-Solving
	 Complex problem solving (CPS) is a critical skill 
in today's interconnected and multifaceted world,  
extensively discussed in literature by Spering et al. (2005),  
Fischer et al. (2012), Jung (1971). CPS involves a process  
of addressing complex issues that require the integration  
of knowledge from various domains. The problem solver  
must understand the issue thoroughly and decide on 
the most appropriate and effective solution to achieve  
the desired goals. The critical components of CPS skills 
include: 1) Knowledge Management: This involves  
handling extensive knowledge related to the problem. 
If the knowledge base is vast, it needs to be condensed 
by breaking down the information into manageable, 
smaller segments. 2) Ill-Structured Problem: These are 
problems that can be solved in various ways, where 
solutions are not strictly right or wrong but are evaluated  
based on their effectiveness and appropriateness.  
3) Metacognition is the ability to monitor and evaluate 
one's thought processes. It includes awareness and the 
ability to choose and implement different strategies 
to resolve the problem.
	 To assess CPS skills, educators must use rubrics to 
record students' learning behaviours and evaluate their 
performance on specific tasks. Additionally, students  
are encouraged to self-assess their CPS skills in five key  
areas:
	 1.	Assessing Complexity: the ability to analyze 
and identify the significant factors that contribute to 
the complexity of a situation.
	 2.	Problem Identification: The ability to detect 
and clearly define anomalies or issues as they arise.
	 3.	Analyzing Anomalies: The ability to analyze 
the causes or factors contributing to these anomalies, 
considering variations and fluctuations.
	 4.	Recognizing Interconnections: The ability to 

understanding the causes and effects of various factors 
clearly.
	 5.	Creative Solution Formulation: The ability to 
effectively devise innovative approaches to manage 
the causal factors and their impacts.
	 These competencies are essential for students 
to develop as they prepare to navigate increasingly 
complex social and professional landscapes.
	 To achieve their set goals, an individual must undergo  
a process of problem-solving and decision-making  
behavior (Leighton, 2004). For a person to make a decision  
to solve a problem, they need to have certain thoughts 
that are connected to the problem, helping to frame 
the decision-making process. The decision-making 
process begins with the problem solver identifying 
what the problem requires and then evaluating and 
deciding what actions to prioritize. Crucial factors 
influencing decision-making include past experiences  
and current emotions. The problem solver's risk  
tolerance also affects decision-making. In complex  
problem-solving, choosing the best option from  
numerous alternatives is necessary. The problem solver  
must use their knowledge to make decisions while 
considering various factors with logic and reasoning 
(Isen, 2008).
	 According to Ahmed et al. (2012), decision-making  
is identifying and selecting the best and most suitable 
options for achieving specific objectives, utilizing  
intellectual capacities, reason, and emotional aspects.  
Arsham (2010) states that decision-making is crucial 
for an individual's success, involving analytical thinking 
through difficulties, confusion, and fear. Decision-making  
is a process within problem-solving aimed at achieving  
satisfactory outcomes. It involves arguments and 
emotions, which may or may not be rational, and  
the outcomes may be transparent or ambiguous,  
influenced by culture, knowledge, perspectives, or 
beliefs.
	 The decision-making process is rational but 
can become more subjective in personal matters, 
primarily based on individual behaviour. Choices or 
decisions result from information processed during 
decision-making (Neisiani, 2010). High-level cognitive 
processes are involved in decision-making because 
they relate to the brain's management capabilities, 
particularly the neocortex. Decision-making requires 
responsibility, following action plans, abstract thinking, 
and guiding towards suitable directions in alignment 
with the brain's interpretation of emotional data  
(Szmalec et al., 2010).
	 From the above definitions, it is concluded 
that decision-making involves identifying the best 
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options to achieve the goals the decision-maker sets. 
It requires knowledge to analyze data and accept 
responsibility for those decisions.
	 The related research on complex problem-solving  
skills includes five components with 26 indicators, as 
follows: (referred to as Figure 1)
	 1.	Assessing the Complexity of Events (6 indicators):  
(a) Articulate issues related to the event before solving. 
(b) Identify the relevance of each issue. (c) Identify the 
impacts arising from each issue. (d) Explain concepts to 
peers with principles and rationale. (e) Prioritize each 
issue. (f) Identify the complexity level of the event.
	 2.	Problem Identification (5 indicators): (a) Notice 
fluctuations or changes in relevant factors. (b) Use 
credible principles and reasoning to identify problems.  
(c) Determine the source of the problem. (d) Use facts  
from similar events to clarify the problem. (e) Address  
the causes of the problem immediately upon  
identification.
	 3.	Analyzing Anomalies (5 indicators): (a) Identify 
causes from past experiences. (b) Search for differences  
between events needing solutions and similar but 
non-problematic events. (c) Consider changes in 
relevant factors. (d) Confirm analyzed causes before 
problem-solving. (e) Tests should be conducted on 
hypotheses that could not confirm causes.
	 4.	Recognizing Interconnections (5 indicators):  
(a) Identify the relevance of causal factors of anomalies.  
(b) Use facts to analyze the interconnections of causal 
factors. (c) Deeply analyze the reasons for fluctuations  
or changes in factors. (d) Identify the impacts of various  
causal factors. (e) Manage impacts within an appropriate  
timeframe.
	 5.	Creating Strategies to Manage Causal Factors 
and Impacts (5 indicators): (a) Present innovative ideas 
for managing causal factors. (b) Propose new solutions 
for managing causal factors. (c) Consider potential 
problems that may arise from solution methods.  
(d) Explore technologies or innovative tools to manage  
problems permanently. (e) Find collaborative solutions  
with stakeholders.

	 Methodology
	 Participants
	 The sample group comprises 861 upper secondary  
school students, with 349 females (40.5%) and 512 
males (59.5%) aged 16 to 18. The majority, 788 students  
(91.5%), are enrolled in a science curriculum, while 73 
(8.5%) are in an arts curriculum. This data was collected  
through a national survey representing the population 
across six regions: Northern, Central, Northeastern, 
Eastern, Western, and Southern Thailand. The study 

employs confirmatory factor analysis (Hair et al., 2010) 
to examine the data. The researcher selected the 
sample group using cluster sampling, dividing Thailand 
into six regions: North, Central,  Northeast, East, West, 
and South. This method ensures that the population 
from all areas of Thailand is represented. Then, the 
researcher selected the sample group using stratified 
sampling by dividing them according to the affiliation  
of schools into three categories: Government School, 
Private School, and Demonstration School. This method  
covers populations with different affiliations. One 
school from each affiliation will be randomly selected. 
After selecting the schools from each affiliation in each 
region, the researcher will use stratified sampling again, 
dividing students into three grades: Grade 10, Grade 
11, and Grade 12. This layered approach ensures a 
diverse and representative sample, facilitating robust 
analysis of the variables under study.
	 Research Process
	 1.	Study, analyze, and synthesize relevant  
documents and research to guide the structure and 
questions of the questionnaire.
	 2.	Develop a data collection tool by creating  
new opinion survey questions. These questions 
will serve as indicators for each aspect of complex  
problem-solving.
	 3.	Submit the opinion survey to three experts to 
verify its validity (Index of item-objective congruence 
- IOC) and ensure the completeness and comprehen-
siveness of the questions. Additionally, the reliability 
of the questionnaire will be tested using Cronbach’s 
Alpha Coefficient.
	 4.	Collect data using the questionnaire. The 
researcher will then coordinate with the contacts at 
each school to distribute the questionnaires in two 
formats: online and paper. The questionnaires are 
expected to be returned within approximately two 
weeks. The researcher will collect and count the 
returned questionnaires, select those with complete 
responses, and analyze the data using descriptive 
statistics and PNI Modified to assess needs, structural 
equation modeling, and Confirmatory Factor Analysis 
(CFA) to determine the components for designing and 
developing the system.
	 5.	Conduct AMOS software analysis and descriptive  
statistics to verify the model's validity and study the  
influence between variables in the model. This includes  
analyzing the preliminary statistics of the variables, 
assessing the quality of the data collection tool,  
examining the relationships between variables, validating  
the model, and investigating the influence between 
variables using statistical analysis.
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Assessing  
Complexity

Problem  
Identification

Analyzing  
Anomalies

Recognizing  
Interconnections

Creating Strategies to 
Manage Causal Factors 

and Impacts

Complex  
Problem Solving

Articulate issues related to the event before proceeding with problem-solving.

Clearly identify the relevance of each issue.

Observe fluctuations or changes in various factors related to the problem.

Identify the relevance of factors causing the anomalies.

Present innovative ideas for managing the causal factors of the problem.

Identify causes from past experiences.

Identify the impacts arising from each issue.

Use reliable principles and reasoning to identify the problem.

Use factual analysis to determine the interconnectedness of these causal factors.

Propose new solutions for managing these causal factors.

Search for differences between events that need solutions and similar events 
that do not cause problems.

Explain to classmates to align them with the concept using principles and reasoning.

Determine the source of the problem.

Deeply analyze the reasons for fluctuations or changes in each factor.

Consider other potential problems that may arise from the solution methods.

Consider changes in factors related to the problem.

Clearly prioritize each issue.

Use facts from similar events to clarify the problem.

Identify the impacts of various causal factors.

Look for technologies or innovative tools to permanently address the problem.

Confirm causes analyzed before proceeding with problem-solving.

Identify the level of complexity of the event.

Address the causes of the problem immediately upon identifying the issue.

Manage the impacts within an appropriate timeframe.

Seek collaborative solutions with stakeholders.

Conduct tests on established hypotheses that fail to confirm the causes.

Figure 1
Second Order Confirmatory Factor Analysis of Complex Problem Solving of Higher Secondary Students
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	 Measure
	 The research tool used is a questionnaire to 
analyze the second-order confirmatory components 
suitable for developing complex problem-solving 
skills in upper-secondary students. It uses a 5-point 
rating scale comprising 26 items distributed across five 
components:
	 1.	Assessing the Complexity of Events (6 items): 
This component includes items that assess a student's 
ability to evaluate the intricacies of various scenarios.
	 2.	Problem Identification (5 items): This focuses  
on the ability to detect and define problems  
accurately.
	 3.	Analyzing Anomalies (5 items): Items here 
gauge the ability to analyze the issues' root causes 
and contributing factors.
	 4.	Recognizing Interconnections (5 items): This 
measures the ability to understand the relationships 
between different causal factors of a problem.
	 5.	Creating Strategies (5 items): This involves 
innovating solutions for managing the causes and 
effects of problems.
	 The analysis of the relationships between 
the 26 behavioural indicators revealed a very high  
Kaiser-Meyer-Olkin measure of sampling adequacy 
(KMO) of 0.98, indicating that the sample is adequate 
for the analysis. Additionally, Barlett's test of sphericity  
shows statistical significance at the 0.05 level,  
confirming that the indicators are sufficiently related for 
component analysis. The relationships within the main 
components are all positively directed, ranging from 
0.49 to 0.75, significant at the 0.05 level, suggesting  
a solid internal consistency and reliability of the  
questionnaire for assessing complex problem-solving 
skills.
	 Data Collection
	 Data were collected through a structured  
questionnaire administered to the participants. The 
questionnaire aimed to capture detailed responses 
reflecting the students' complex problem-solving 
abilities.
	 Data Analysis
	 Confirmatory factor analysis (CFA) was conducted  
using AMOS software to validate the structure of the 
complex problem-solving skills model.
	 Ethical Consideration
	 In this study, the researchers obtained consent 
from the participants to respond. The informed consent  
was distributed to the teachers involved in our survey, and  
the signed privacy consent forms were collected. The  
researchers ensured the anonymity of the participants 
and their freedom to withdraw from the study at any time,  

with no need to explain their reasons. The data were kept  
during the study and were destroyed upon completion.  
Only researchers would have access to the data.

	 Results
	 Descriptive Analysis
	 The validation of complex problem-solving skills 
through second-order confirmatory factor analysis (CFA)  
checks the alignment or consistency of the model for  
developing indicators of complex problem-solving 
skills with empirical data. The results indicate that 
the model is congruent with the empirical data, as 
evidenced by a Chi-square value of 363.75 with a 
significance (p-value) of .05 and degrees of freedom 
(df) of 235, suggesting that the Chi-square value is not 
significantly different from zero at the .05 level. This 
demonstrates a good fit of the model to the data, 
which is further supported by excellent fit indices: 
the Comparative Fit Index (CFI) and Tucker–Lewis  
Index (TLI) are both 0.99, the Standardized Root Mean 
Squared Residual (SRMR) is 0.02, and the Root Mean 
Square Error of Approximation (RMSEA) is 0.03. These 
values confirm the hypothesis that the model aligns 
well with the empirical data.
	 When considering the individual components, the 
first component, the ability to assess the complexity of  
events, shows the following performance in prioritizing  
each issue with the highest clarity, achieving the highest  
average score (M = 3.86, SD = 0.87). The following 
highest scores are for identifying the impacts that 
arise from each issue (M = 3.85, SD = 0.82), articulating 
issues related to the event before proceeding with 
problem-solving (M = 3.82, SD = 0.83), and identifying 
the relevance of each issue (M = 3.80, SD = 0.82).  
Explaining to classmates to align them with the  
concept using principles and reasoning (M = 3.72,  
SD = 0.95) and identifying the level of complexity of 
the event (M = 3.68, SD = 0.91) also show substantial 
scores, indicating a robust ability to evaluate and  
articulate the complexities inherent in various  
scenarios.
	 When considering individual components, the 
findings for each component are as follows:
	 Component 1 - Assessing the Complexity of 
Events:
	 Shows the following performance in prioritizing 
each issue with the highest clarity achieving the highest  
average score (M = 3.86, SD = 0.87). The following highest  
scores are for identifying the impacts that arise from each 
issue (M = 3.85, SD = 0.82), articulating issues related  
to the event before proceeding with problem-solving 
(M = 3.82, SD = 0.83), and identifying the relevance of 
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each issue (M = 3.80, SD = 0.82). Explaining to classmates  
to align them with the concept using principles and 
reasoning (M = 3.72, SD = 0.95) and identifying the 
level of complexity of the event (M = 3.68, SD = 0.91) 
also show substantial scores, indicating a robust ability 
to evaluate and articulate the complexities inherent 
in various scenarios.
	 Component 2 - Problem Identification Abilities:
	 1)	Using reliable principles and reasoning to  
identify problems has the highest average score  
(M = 3.88, SD = 0.87). 2) Identifying the source of the 
problem follows closely (M = 3.85, SD = 0.85). 3) Using  
facts from similar events to clarify the problem achieves  
(M = 3.84, SD = 0.87). 4) Addressing the causes of the 
problem immediately upon detection scores (M = 3.74,  
SD = 0.91). 5) Observing fluctuations or changes in relevant  
factors records (M = 3.72, SD = 0.90).
	 Component 3 - Analyzing Anomalies Abilities:
	 1)	Identifying causes from past experiences holds 
the highest mean (M = 3.91, SD = 0.88). 2) Considering  
changes in factors related to the problem (M = 3.77, 
SD = 0.88). 3) Searching for differences between 
similar events, one with problems and one without 
(M = 3.76, SD = 0.87). 4) Confirming analyzed causes 
before proceeding with problem-solving (M = 3.73,  
SD = 0.91). 5) Testing hypotheses that have been 
set, which could not confirm the causes (M = 3.64,  
SD = 0.92).
	 Component 4 - Recognizing Interconnections 
of Causal Factors:
	 1)	Using factual analysis to determine the inter-
connectedness of causal factors scores the highest  
(M = 3.87, SD = 0.84). 2) Identifying the impacts of various  
causal factors (M = 3.82, SD = 0.86). 3) Identifying the 
relevance of causal factors causing anomalies (M = 3.80,  
SD = 0.84). 4) Managing impacts within an appropriate 
timeframe (M = 3.71, SD = 0.89). 5) Analyzing in-depth 
the reasons for fluctuations or changes in each factor 
(M = 3.69, SD = 0.88).
	 These detailed insights reflect the nuanced 
capabilities within each component, indicating areas 
of strength and potential focal points for further  
development or training.
	 Component 5 - Creativity in Developing Strategies  
to Manage Causal Factors and Impacts:
	 1) Finding collaborative solutions with  
stakeholders has the highest average score (M = 3.90, 
SD = 0.87), highlighting the importance of teamwork and 
cooperation in problem-solving. 2) Considering other 
potential problems that may arise from the solution  
methods is next, reflecting the ability to anticipate and 
prepare for possible future challenges (M = 3.86, SD = 0.86).  

3) Searching for technologies or innovative tools to 
permanently manage the problem underscores a focus  
on sustainability and long-term effectiveness (M = 3.85,  
SD = 0.88). 4) Presenting innovative ideas for managing  
the causal factors of the problem indicates a capacity  
for creative thinking and innovation (M = 3.73, SD = 0.87).  
5) Proposing new solutions for managing these causal 
factors ranks last but is still significant, suggesting a 
readiness to adapt and improve (M = 3.69, SD = 0.93).
	 These results demonstrate strong competencies 
in innovative and collaborative approaches within 
complex problem-solving contexts, particularly in 
identifying and integrating long-term solutions with 
the involvement of various stakeholders.
	 Test of the measurement model
	 1.	For the component "Ability to Assess the 
Complexity of Events," the standard score weightings 
for the indicators are arranged from highest to lowest 
as follows: Identifying the event's complexity level  
(ß = 0.83) followed by Identifying the relevance of 
each issue (ß = 0.81), Articulating issues related to the 
event before problem-solving (ß = 0.78), Identifying the 
impacts arising from each issue (ß = 0.78), Explaining 
to classmates to align them with the concept using 
principles and reasoning (ß = 0.78) and Prioritizing 
each issue (ß = 0.77).
	 2.	For problem identification skills, the weights 
of the indicators arranged from highest to lowest are 
as follows: Using facts from similar events to identify 
problems (ß = 0.85), followed by managing the causes 
of problems immediately upon encountering issues  
(ß = 0.81). Observing fluctuations or changes in factors  
related to the problem, using reliable principles and 
reasoning to identify issues, and determining the origins 
of problems all have equal weights (ß = 0.79).
	 3.	For the component "Ability to Analyze  
Anomalies," the standard score weightings for the  
indicators are arranged from highest to lowest as follows:  
Considering changes in factors related to the problem  
(ß = 0.85) followed by Searching for differences between  
events requiring solutions and similar events without 
issues (ß = 0.83), Confirming causes analyzed before 
proceeding with problem-solving (ß = 0.83), Identifying  
causes from past experiences (ß = 0.81) and Conducting  
tests on established hypotheses that fail to confirm 
the causes (ß = 0.75)
	 4.	For the component "Ability to Recognize  
Interconnections of Causal Factors," the standard score 
weightings for the indicators are ranked from highest 
to lowest as follows: Identifying the impacts of various  
causal factors (ß = 0.84) followed by Identifying the  
relevance of causal factors causing anomalies (ß = 0.82),  
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Using factual analysis to determine the interconnect-
edness of these causal factors (ß = 0.82), Analyzing  
in-depth the reasons for fluctuations or changes in 
each factor (ß = 0.81) and Managing impacts within 
an appropriate timeframe (ß = 0.80).
	 5.	For the component "Ability to Create Strategies 
to Manage Causal Factors and Impacts," the standard 
score weightings for the indicators are arranged from 
highest to lowest as follows: Presenting innovative 
ideas for managing the causal factors of the problem 
(ß = 0.85) followed by Proposing new solutions for 
managing these causal factors (ß = 0.83), Considering 
other potential problems that may arise from the 
solution methods (ß = 0.83), Seeking collaborative 
solutions with stakeholders (ß = 0.75) and Looking 
for technologies or innovative tools to permanently 
address the problem (ß = 0.73).
	 From the second-order component analysis of 
complex problem-solving skills among upper secondary  
students, the findings indicate that all latent variable 
weights are positive, ranging from 0.96 to 0.99. This 
suggests a strong and positive relationship between 
the observed indicators and their respective latent 
variables, reflecting robust constructs within the  
problem-solving framework. The breakdown is as 
follows: Ability to Identify Problems (ß = 0.99) and 
Ability to Recognize Interconnections of Causal Factors 

(ß = 0.99) have the highest weights. This underlines 
the critical importance of these skills in complex 
problem-solving, where identifying the core issues 
accurately and understanding how different factors are 
interconnected are essential for effective resolution. 
Followed by Ability to Analyze Anomalies (ß = 0.98) 
and Ability to Create Strategies to Manage Causal  
Factors and Impacts (ß = 0.98) are slightly lower but still 
very high, indicating these abilities are almost equally  
crucial. Analyzing anomalies involves understanding 
the root causes and differentiating between normal 
and problematic conditions, while creating strategies 
focuses on developing actionable and innovative 
solutions to address these causes. Ability to Assess the 
Complexity of Events (ß = 0.96), although the lowest, 
still holds significant importance. This ability involves 
evaluating the overall complexity of situations, which 
is fundamental to setting the stage for deeper analysis 
and solution development.
	 These results demonstrate that each of these 
skills plays a vital role in the complex problem-solving 
process, with particular emphasis on the identification 
and interconnection of problems. These findings could 
be visually illustrated in graphs or tables (referred to 
as Table 1 and Figure 2), providing a clear, structured 
overview of how these components contribute to 
effective problem-solving in educational contexts.

Table 1
Results of the Second-Order Confirmatory Factor Analysis of the Complex Problem-Solving

Indicators Factor loading t p R2 Factor score 
coefficient

b(SE) ß

First-order confirmatory factor analysis

Assessing the Complexity of Events

1.	Articulate issues related to the event before proceeding  
	 with problem-solving

0.87(0.03) 0.78 26.00 0.00 0.61 0.08

2.	Clearly identify the relevance of each issue 0.89 (0.03) 0.81 28.59 0.00 0.66 0.10

3.	Identify the impacts arising from each issue 0.85(0.03) 0.78 26.82 0.00 0.60 0.10

4.	Explain to classmates to align them with the concept  
	 using principles and reasoning

0.99(0.04) 0.78 27.05 0.00 0.61 0.10

5.	Clearly prioritize each issue 0.89(0.03) 0.77 26.58 0.00 0.59 0.08

6. Identify the level of complexity of the event 1.00(0.00) 0.83 999.00 0.00 0.69 0.11
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Indicators Factor loading t p R2 Factor score 
coefficient

b(SE) ß

Problem Identification

1.	Observe fluctuations or changes in various factors related  
	 to the problem

0.96(0.03) 0.79 29.08 0.00 0.63 0.07

2.	Use reliable principles and reasoning to identify the problem 0.92(0.03) 0.79 28.93 0.00 0.62 0.06

3.	Determine the source of the problem 0.90(0.03) 0.79 28.70 0.00 0.62 0.09

4.	Use facts from similar events to clarify the problem 1.00(0.00) 0.85 999.00 0.00 0.72 0.10

5.	Address the causes of the problem immediately upon  
	 identifying the issue

0.98(0.03) 0.81 29.85 0.00 0.65 0.06

Analyzing Anomalies

1.	Identify causes from past experiences 0.95(0.03) 0.81 29.02 0.00 0.66 0.14

2.	Search for differences between events that need  
	 solutions and similar events that do not cause problems

0.95(0.03) 0.83 30.00 0.00 0.69 0.19

3.	Consider changes in factors related to the problem 0.98(0.03) 0.85 33.42 0.00 0.72 0.09

4.	Confirm causes analyzed before proceeding with  
	 problem-solving

1.00(0.00) 0.83 999.00 0.00 0.70 0.19

5.	Conduct tests on established hypotheses that fail to  
	 confirm the causes

0.91(0.03) 0.75 26.88 0.00 0.56 0.10

Recognizing Interconnections

1.	Identify the relevance of factors causing the anomalies 0.95(0.03) 0.82 30.48 0.00 0.67 0.06

2.	Use factual analysis to determine the interconnectedness  
	 of these causal factors

0.95(0.03) 0.82 32.78 0.00 0.67 0.10

3.	Deeply analyze the reasons for fluctuations or changes in  
	 each factor

0.98(0.03) 0.81 31.37 0.00 0.65 0.09

4.	Identify the impacts of various causal factors 1.00(0.00) 0.84 999.00 0.00 0.72 0.10

5.	Manage the impacts within an appropriate timeframe 0.98(0.03) 0.80 29.20 0.00 0.64 0.10

Creating Strategies to Manage Causal Factors and Impacts

1.	Present innovative ideas for managing the causal factors  
	 of the problem

0.97(0.03) 0.85 35.04 0.00 0.72 0.14

2.	Propose new solutions for managing these causal factors 1.00(0.00) 0.83 999.00 0.00 0.69 0.11

3.	Consider other potential problems that may arise from  
	 the solution methods

0.92(0.03) 0.81 28.64 0.00 0.66 0.15

4.	Look for technologies or innovative tools to permanently  
	 address the problem

0.84(0.03) 0.73 24.61 0.00 0.53 0.06

5.	Seek collaborative solutions with stakeholders 0.85(0.03) 0.75 25.52 0.00 0.56 0.07

Table 1
(continued)
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Table 1
(continued)

Indicators Factor loading t p R2 Factor score 
coefficient

b(SE) ß

Second-order confirmatory factor analysis

Assessing the Complexity of Events 0.96(0.04) 0.96 27.57 0.00 0.92

Problem Identification 0.99(0.04) 0.99 28.47 0.00 0.99

Analyzing Anomalies 0.99(0.03) 0.98 30.20 0.00 0.96

Recognizing Interconnections 0.96(0.03) 0.99 29.91 0.00 0.99

Creating Strategies to Manage Causal Factors and Impacts 1.00(0.00) 0.98 999.00 0.00 0.96

Chi-square = 363.75; df = 235; p = 0.00; CFI = 0.99; TLI = 0.99; SRMR = 0.02; RMSEA = 0.03

	 Discussion
	 The key components of complex problem-solving  
skills for upper secondary students encompass the 
following essential elements:
	 Ability to Assess the Complexity of Events: This 
involves the student's capability to understand and 
evaluate the intricacies of situations. Indicators for 
this skill include identifying the complexity of events,  
understanding the relevance of each issue, assessing 
the impact, and being able to explain these with 
rational justification and prioritize accordingly. This 
aligns with research by Fischer et al. (2012), which 
emphasizes the importance of understanding complex 
scenarios to effectively navigate and resolve them.
	 Ability to Identify Problems: This skill focuses 
on the student's ability to pinpoint issues accurately 
within a complex scenario. It involves recognizing the 
nuances and specific details that frame the problem.
	 Ability to Analyze Anomalies: Students need to 
differentiate between normal and abnormal conditions  
and determine the root causes of the anomalies. This 
involves a detailed analysis where past experiences 
and close comparisons are leveraged to identify the 
reasons behind the anomalies.
	 Ability to Recognize Interconnections of Causal 
Factors: This capability entails understanding how 
different factors within a problem are related and 
how they interact to affect the overall situation. This 
skill is crucial for developing effective strategies to 
address complex problems comprehensively.
	 Ability to Create Strategies to Manage Causal  
Factors and Impacts: This involves generating innovative  
solutions to address the root causes and manage 
the consequences effectively. It requires creativity, a 

forward-thinking approach, and often collaboration 
with others to devise and implement solutions.
	 These components are deeply interconnected, 
with each building on the others to enhance the  
overall problem-solving ability of students. For  
instance, the ability to assess complexity directly 
supports the capabilities to identify problems and 
analyze anomalies, while the ability to recognize 
interconnections and create strategies are necessary 
for implementing effective solutions.
	 The research findings underscore the importance 
of a holistic approach to problem-solving where 
knowledge from past experiences is utilized to inform 
current solutions, echoing Dörner (1996) perspective 
on complex problem-solving. This approach is not just 
about solving the problem at hand but also about 
applying learned principles and logical reasoning to 
develop and execute plans effectively. These skills 
are essential for students as they prepare not only 
for academic challenges but also for real-world issues 
they will encounter in the future.
	 The ability to identify problems in complex  
problem-solving for upper secondary students  
involves key skills such as using facts from similar 
events to enhance problem clarity, promptly managing 
the root causes once identified, observing changes 
and fluctuations in relevant factors, applying logical 
reasoning and reliable principles for precise problem 
identification, and understanding the origins of issues. 
These skills align with research by Jonassen (2000), who  
emphasizes comparing current problems with past  
experiences to enhance problem-solving, and Rittel and  
Webber (1973), who define essential problem  
identification criteria such as clarity, specificity, and  
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Figure 2
Second Order Confirmatory Factor Analysis of Complex Problem Solving of Higher Secondary Students
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Chi-square = 247.62; df = 215; p = 0.06; CFI = 0.99; TLI = 0.99; SRMR = 0.01; RMSEA = 0.01
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measurability. Incorporating these skills into educational  
settings helps students not only understand theoretical  
content but also apply practical problem-solving 
methods effectively.
	 In the realm of analyzing anomalies as part of 
complex problem-solving, studies have identified 
key indicators such as the assessment of changes 
in factors related to the problem, and comparing 
events that resulted in issues with those that did not 
to spot differences. Before proceeding with solutions, 
it's crucial to confirm the causes identified and utilize  
past experiences to establish reasons for these issues.  
Additionally, hypothesis testing is performed to validate  
these causes, which may not always confirm the initial  
analysis. This methodology aligns with Sterman's (2000) 
research, which emphasizes the necessity of considering  
relevant factors and applying existing knowledge to  
analyze and solve problems. Similarly, Dörner and Funke  
(2017) highlight that beyond analyzing the causes of 
problems, learners must also identify what information 
the problem presents, what needs solving, and then 
proceed to formulate and test hypotheses. These 
processes are fundamental in equipping students with 
the analytical skills required to effectively address and 
solve complex problems.
	 The ability to discern the interconnectedness of 
various factors causing problems is a critical skill in 
complex problem-solving. Research findings indicate 
that the primary indicator is the ability to identify the 
impacts of these factors. Following this, it is essential 
to recognize the relationships between the factors 
causing disruptions and use factual data to analyze 
these relationships. Deep analytical insights into the 
reasons for variability or changes in each factor are 
also crucial. Effective management of the consequenc-
es within an appropriate timeframe is necessary for  
resolving such complex scenarios.
	 This approach aligns with Senge's (2006)  
methodology, which emphasizes the importance of first  
understanding the causal factors of a problem, then 
breaking them down into manageable components, and 
exploring how these components interlink. Similarly,  
Meadows (2008) emphasizes using existing knowledge 
or past experiences to solve problems by analyzing 
all facts comprehensively, examining the interrelations  
among problem factors, and understanding the reasons  
for changes in each factor. This thorough analysis aids 
in crafting effective solutions to complex problems,  
highlighting the importance of a systematic and  
integrated approach in educational settings and  
real-world applications. This skill not only facilitates 
problem resolution but also fosters a deeper under-

standing of system dynamics and their applications 
in various disciplines.
	 The ability to creatively develop solutions for 
managing the factors causing problems and their 
impacts is crucial in complex problem-solving. The 
primary indicator of this skill is the ability to introduce  
innovative ideas for managing these causative factors.  
This is followed by presenting new solutions,  
considering potential subsequent issues that may 
arise from the solutions, and collaboratively finding  
remedies with stakeholders, potentially involving  
innovative technologies or tools for permanent res-
olution.
	 This approach is supported by research from 
Dyer et al. (2011), which suggests that handling the 
causative factors of problems effectively requires 
creative thinking. This includes the ability to adapt 
thought processes to overcome obstacles as they 
occur. Additionally, Heifetz et al. (2002) emphasize that 
learners must adopt a systematic thinking approach 
that allows them to understand and connect various  
factors involved in solving a problem, and to effectively  
communicate these strategies within a team. This 
comprehensive understanding and application of  
innovative problem-solving strategies are essential for 
dealing with complex issues in a way that not only 
addresses the immediate problem but also anticipates 
and mitigates potential future complications.

	 Conclusion
	 The key components of complex problem-solving  
skills for upper secondary school students encompass 
five main areas: 1) The ability to assess the complexity  
of situations, 2) The ability to identify problems, 3) The 
ability to analyze anomalies, 4) The ability to perceive 
the interrelations among causal factors of problems, 
and 5) The ability to creatively devise strategies to 
manage the causative factors of problems and their 
impacts. Among these, the ability to identify problems 
and to perceive the interrelations of causative factors 
holds the highest weight. Following these are the 
abilities to analyze anomalies and to creatively devise 
management strategies, with the ability to assess the  
complexity of situations ranking last. These components  
form a structured framework that guides students 
in systematically tackling complex challenges,  
emphasizing the integration of analysis, identification, 
and innovative problem-solving strategies.
	 To design an educational system for enhancing  
complex problem-solving skills in upper secondary 
school students, it is crucial to emphasize essential  
capabilities such as identifying problems by under-
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standing their characteristics and origins, recognizing 
interrelationships among causative factors, analyzing 
anomalies by comparing similar situations, creatively 
formulating strategies for managing these factors, and 
assessing the complexity of scenarios. Using real-world 
scenarios and simulations can make the learning  
process engaging and practical, equipping students 
with direct applications to real-life challenges.
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