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Problem-solving is becoming more and more seen as an important skill for college
students to learn to build metacognitive skills, critical thought, and the ability to
learn on their own. Even though this skill is very important, there aren't many
approved tools that can be used to test it in schools, especially in Peru. The goal
of this study is to fill in that gap by creating and testing a short problem-solving
scale based on the Rational Problem-Solving Style, which stresses taking a planned
and organized approach to problems. 733 Peruvian college students (mean age:
21.56 years, standard deviation: 4.15 years; 59.89% female) took part. A 15-item
Problem-Solving Questionnaire and used experimental (EFA) and confirmatory
factor analysis (CFA) to test it. The scale’s validity and reliability were checked,
along with its link to academic self-efficacy. There were four parts to the Problem-
Solving Questionnaire: Solution Analysis and Planning, Critical Evaluation of
Solutions, Generation and Evaluation of Alternatives, and Prioritization and Review
of Alternatives. Fit scores from CFA (like CFl = 0.98 and RMSEA = 0.062) and
reliability coefficients (w = 0.73-0.90) showed that it was a reliable educational
tool. There was proof of concept validity in the form of correlations with academic
self-efficacy (r = 0.36-0.80). The scale is a validity and effective way to test the
problem-solving skills of university students in Peru. Due to its brevity and emphasis
on logical methods, it is suitable for use in both education and research, aligning
with global goals for quality education.
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1 Introduction

In recent decades, problem-solving has emerged as a crucial ability in higher education,
driven by the growing need for workers capable of addressing the problems of a worldwide
environment (Castellanos and Rojas, 2023). This ability is intricately associated with the
enhancement of metacognitive skills, which are crucial for independent learning and self-
regulation (Covarrubias-Apablaza et al., 2019; Guaman-Ledesma and Rivera, 2024). However,
there is still a lack of adequate instruments to assess this competency within current
educational contexts (Ilbay, 2024). Lack of such tools hinders attempts to match educational
practices with worldwide goals like Sustainable Development Goal 4 (SDG 4), which stresses
inclusive and fair quality education and lifelong learning possibilities for everyone (Dastyari
and Jose, 2024).
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Although the Ministry of Education has pushed active approaches
that support critical thinking and creativity by means of problem-
solving in Peru, there is still needed to create and validate a particular
instrument to gauge this competency in higher education (Velazquez-
Tejeda and Goni Cruz, 2024). Closing this gap is key to developing
skills that improve academic performance and employability,
promoting innovation and equity in education (Haxhiu, 2023). This
underscores the pressing need for instruments to address global
inequalities in educational results, especially in marginalized areas
(Mavangere et al., 2022).

D’Zurilla and Goldfried (1971) developed the concept of problem-
solving as then understood in psychology as a self-directed cognitive-
behavioral process wherein people try to find and create workable
answers to specific daily problems. Seeing it as a skill that can
be developed, the authors presented the Social Problem-Solving
Model, a methodological framework for analyzing problem-solving in
daily life (D’Zurilla and Maydeu-Olivares, 1995; Maydeu-Olivares and
D’Zurilla, 1996). This paradigm is founded on three essential concepts:
issue-solving, problem, and solution (D’Zurilla et al., 2004). An issue
is characterized as a circumstance where an adaptive reaction is not
readily evident, necessitating the use of a problem-solving procedure.
Conversely, a solution is the result of this process a reaction that
ameliorates the problematic circumstance or mitigates related
discomfort (D’ Zurilla and Maydeu-Olivares, 1995). For the purposes
of this study, problem-solving is defined as the deliberate, methodical,
and logical process by which individuals identify, analyze, and address
problematic situations, generating and evaluating alternative solutions
to implement effective strategies.

Later, D’Zurilla and Nezu (1982) refined and expanded this
model, indicating that the capacity for social problem-solving is not a
unitary construct but rather comprises two general dimensions: (a)
problem orientation, referring to a metacognitive process that reflects
an individual’s beliefs, attitudes, and emotions about life problems and
their ability to solve them; and (b) problem-solving skills (later called
problem-solving styles), which refer to the cognitive and behavioral
activities that enable a person to understand a problem and find
effective solutions (Chang et al., 2004). Within this framework, four
main skills were identified: problem definition and formulation;
generation of solution alternatives; decision-making; and solution
implementation and verification (D"Zurilla and Goldfried, 1971).
However, this categorization of dimensions has evolved over the years
as measurement studies have developed.

Based on this theoretical model, D’Zurilla and Nezu (1990)
developed a preliminary version of the Social Problem-Solving
Inventory (SPSI), containing 70 items, which included the Problem
Orientation Scale (POS) and the Problem-Solving Skills Scale (PSSS).
These scales demonstrated adequate reliability across their factors. For
instance, POS consisted of three factors: cognition (& = 0.74), emotion
(a=0.90), and behavior (a = 0.86), while PSSS included four factors:
problem definition (a = 0.85), generation of alternatives (a = 0.78),
decision-making (@ =0.75), and solution implementation and
verification (a = 0.65). Maydeu-Olivares and D’Zurilla (1996) later
created a revised version (SPSI-R) based on exploratory and
confirmatory component analysis results showing a five-factor model
fit enough (RMSEA =0.048; RMSR =0.060). Factor analysis
uncovered five elements: (1) positive issue orientation; (2) negative
problem orientation; (3) logical problem-solving approach; (4)
impulsive/careless style; and (5) avoidant style. Ultimately, the writers
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pointed out that these findings have notable consequences for theory
and the evaluation of social problem-solving as they provide a more
thorough knowledge of its fundamental aspects.

For the development of the problem-solving scale proposed in this
article, the focus was exclusively placed on the Rational Problem-
Solving Style. D’ Zurilla and Goldfried (1971) concept of problem-
solving which they characterize as a deliberate, aware, logical, effortful
activity basis this option. Considered as a constructive approach,
rational problem-solving is therefore described as the deliberate,
methodical, and logical use of successful abilities to address difficulties
(D’Zurilla et al., 2004). The rational style’s incorporation of the four
fundamental skills of the theoretical model problem description and
formulation; generation of solution alternatives; decision-making; and
solution implementation and verification D"Zurilla and Goldfried,
1971, helps one to choose to concentrate the scale on the rational style.
Earlier studies also classified these skills under the rational style
(D’Zurilla and Nezu, 1990; Maydeu-Olivares and D’Zurilla, 1996).

One must define each one if one wants to fully appreciate the
degree of these abilities. In this sense, the process of addressing issues
depends critically on the capacity to identify and analyze problems,
create and assess alternative solutions, make wise judgments, and
check the implementation process. This methodical technique
guarantees a logical and methodical strategy of handling problems,
which corresponds with the theoretical framework suggested by
D’ Zurilla and Goldfried (1971). This kind of organization of problem-
solving techniques guarantees a consistent and useful evaluation
instrument relevant in many educational environments.

In this regard, rational problem-solving is linked to the student’s
ability to reflect on their processes and apply metacognitive strategies,
enhancing academic performance and enabling successful coping
with challenges (Astuhuaman and Cristobal, 2021). Additionally, this
constructive style is associated with the development of critical and
creative skills, which are essential both in academia and in everyday
life (Makoviichuk et al., 2020). By fostering these competencies,
educational institutions can help reduce dropout rates and improve
equity in learning outcomes, aligning with SDG 4 and broader
education goals (Albert et al., 2023). Furthermore, these efforts can
support systemic reforms aimed at addressing educational inequities
in marginalized communities worldwide (Meng, 2024).

Historically, there have been several instruments that measure
problem-solving; a notable example is the Problem-Solving Scale
(SPSL, D"Zurilla et al., 1999). The original version contained 70 items
that were analyzed with exploratory and confirmatory factor analysis
among university students to determine its internal structure. Its
validity concerning other variables was also examined, and its
reliability was demonstrated through internal consistency and test—
retest methods. Results indicated that the two theoretically proposed
dimensions had moderate support using confirmatory factor analysis
and showed values from 0.83 to 0.88 and 0.92-0.94 in test-retest and
internal consistency, respectively. Additionally, D"Zurilla et al. (1999)
demonstrated that the inventory scores for each dimension correlated
with the Problem-Solving Scale and variables such as stress, anxiety,
depression, hopelessness, suicidality, life satisfaction, self-esteem,
extraversion, social adjustment, and social skills.

Based on this version, a 25-item version (SPSI-S) was proposed,
which showed a five-factor structure in the university population, as
the goodness-of-fit index values were optimal and reliability by
internal consistency showed values from 0.74 to 0.89. Every element,
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thus, connected to sadness, anxiety, despair, suicidality, and life
satisfaction (DD’Zurilla et al., 1999). Results were comparable in the
official Spanish translation version because ranging from 0.68 to 0.83
(Maydeu-Olivares et al, 2000) revealed appropriate levels of
dependability and excellent fit indices.

Although these tools exist, it is essential to create a new one as
their simplicity will help them to be used in environments with little
time and minimize participant tiredness (Rammstedt and Beierlein,
2014). Furthermore, important is its possibility to increase
measurement and assessment efficiency without sacrificing validity
and dependability (Kemper et al., 2019). Thus, in addition to being
succinct, this tool is meant to catch the main traits of problem-solving.
This makes it ideal for research that requires shorter, more accurate
assessments in university settings, as students frequently face
situations requiring problem-solving skills both academically and in
their everyday lives.

The need for a problem-solving measurement tool in a higher
education context lies in the ability to assess these competencies,
which are critical to the learning process (Sotomayor and Aguila,
2022). Additionally, having an instrument that accurately measures
this phenomenon enables educators, counselors, pedagogues, and
educational psychologists to effectively assess this skill in their
students, providing valuable information that can guide decision-
making and curriculum improvement (Maydeu-Olivares et al., 2000).
Furthermore, having a tool adapted to the university context helps
identify areas for improvement to tailor pedagogical strategies to
students’ requirements, fostering meaningful learning, creativity, and
critical thinking (Akpur, 2020; Aslan, 2021; Sari et al, 2021;
Simanjuntak et al, 2021). Given that one of the main skills of
university students is problem-solving, this becomes even more
crucial since handling difficult circumstances affects their welfare,
academic performance, even future employment (Demirhan and
Sahin, 2021; Dikmen, 2022; Korkmaz et al., 2020; van Laar et al., 2020).

Empirical data shows that elements supporting students’ academic
success and development problem-solving is tightly related to
academic motivation, creative and critical thinking, and self-directed
learning factors that support students’ academic success and
development (Hwang and Oh, 2021; Orakci, 2023; Ramos and
Hayward, 2018). It is also associated with greater confidence,
persistence, and the use of adaptive strategies to tackle complex
problems (Yilmaz, 2022). However, its impact goes beyond academic
performance, influencing motivational processes, promoting
resilience in challenging educational contexts, facilitating the adoption
of metacognitive strategies, and reducing procrastination (Kozikoglu,
2019). Furthermore, problem-solving is significantly related to
academic self-efficacy, as confirmed by a correlational study indicating
a direct and robust relationship (r > 0.50) with academic variables,
such as inquiry community, reflective academic thinking, and
metacognitive awareness (Karaoglan-Yilmaz et al., 2023). In other
contexts, such as the workplace, problem-solving self-efficacy is based
on personal belief in the ability to perform necessary actions in
specific situations (van Laar et al., 2020). Nevertheless, it is considered
that research in work settings differs from academic contexts, as
studying problem-solving in educational environments is
less straightforward.

This study is justified by the need to develop an instrument to
measure problem-solving ability in higher education students. This
measure is relevant due to the high rates of university dropout in Latin
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America, reaching 46% (Mellado et al., 2018) and in Peru, where it
stands at 16.2% (Ministerio de la Mujer y Poblaciones Vulnerables —
MIMP, 2019). Dropout is associated with personal factors, such as
academic self-efficacy and emotional exhaustion, as well as interactive
factors related to teaching processes (Améstica-Rivas et al., 20205
Fernandez-Martin et al., 2019). In this context, problem-solving, as
defined in this study, includes both intrinsic student factors and
external factors derived from the educational environment. Including
this variable in academic analysis could facilitate understanding the
causes of university dropout, which leads to losses in public investment
in education (Dominguez-Lara, 2016; Pal, 2012) and increases the
population without professional competencies (Rocha et al., 2017). A
validated and reliable instrument to measure problem-solving would
contribute to mitigating these rates, supporting the development of
academic self-efficacy.

The purpose of this study is to develop and validate an instrument
to measure problem-solving in higher education students, according
to international standards, and to provide evidence related to its
content, internal structure, and relationships with other variables.

2 Method
2.1 Participants

The sample size was calculated using the ‘semPower’ package
(Moshagen and Bader, 2023) with an a priori analysis. Parameters
were set to 86 degrees of freedom, RMSEA = 0.05, power = 0.95, and
alpha = 0.05, yielding a minimum required sample size of 250
participants. The study exceeded this requirement, including a total of
733 students. Table 1 provides a summary of the participants’
sociodemographic characteristics under the conditions Total, EFA,
and CFA. The majority were female (59.89%), with similar
distributions in EFA (58.23%) and CFA (60.69%). The average age was
21.56 years (SD = 4.15), slightly higher in CFA (21.59) and lower in
EFA (21.5). The health college had the highest representation (53.07%
overall), followed by Business (17.46%). Most students were in
semesters 4-6 (60.30%) and resided in Lima (55.66%). The vast
majority belonged to the Regular Undergraduate program (94.68%),
with a small proportion of Working Adults (5.32%).

2.2 Instrument

Participant Demographic Information. A detailed demographic
information form was used to collect data on the participants in this
study. Variables included gender, age, college, academic semester,
place of residence, and the educational program in which they
were enrolled.

Problem-Solving Questionnaire (PSQ). Designed to gauge how
people handle everyday obstacles, this is a 15-item measure. The
following four-point Likard-type answer structure is used: Rarely is
my case (1), Sometimes is my case (2), Frequently is my case (3), and
Always is my case (4). The questionnaire assesses many facets of
problem-solving behavior; this paper investigates its psychometric
qualities. For a complete list of the items, refer to Appendix A.

Academic Self-Efficacy Scale (EAPESA; Palenzuela, 1983).
Modified for use with Peruvian university students (Dominguez-Lara
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TABLE 1 Description of participants.

Sociodemographic variables

10.3389/feduc.2025.1555167

Sex
Female 439 59.89% 138 58.23% 301 60.69%
Male 294 40.11% 99 41.77% 195 39.31%
Age (mean, SD) 21.56 (4.15) 21.5 (4.6) 21.59 (3.91)
College
Architecture and design 25 3.41% 7 2.95% 18 3.63%
Communications 48 6.55% 11 4.64% 37 7.46%
Law 33 4.50% 16 6.75% 17 3.43%
Engineering 110 15.01% 38 16.03% 72 14.52%
Business 128 17.46% 43 18.14% 85 17.14%
Health 389 53.07% 122 51.48% 267 53.83%
Semester
1-3 122 16.64% 43 18.14% 79 15.93%
4-6 442 60.30% 139 58.65% 303 61.09%
7-10 152 20.74% 48 20.25% 104 20.97%
11+ 17 2.32% 7 2.95% 10 2.02%
Residence
Cajamarca 180 24.56% 74 31.22% 106 21.37%
Callao 30 4.09% 10 4.22% 20 4.03%
Lima 408 55.66% 92 38.82% 316 63.71%
Trujillo 115 15.69% 61 25.74% 54 10.89%
Program
Undergraduate 694 94.68% 225 94.94% 469 94.56%
Working adult 39 5.32% 12 5.06% 27 5.44%

and Fernandez-Arata, 2019), this scale includes nine items that assess
students’ belief in their ability to successfully perform academic tasks.
Responses are recorded on a four-point Likert scale, ranging from
Never to Always, where higher scores indicate greater academic self-
efficacy. The EAPESA has demonstrated strong psychometric validity
across different cultural contexts, including Peru, and consistently
shows high reliability in various studies. In this study, the scale’s
reliability was excellent, with a Cronbach’s alpha of 0.91. The
availability of normative data for Peruvian university students further
enhances its suitability for educational research.

2.3 Procedure

The test construction process was conducted in three phases. In
Phase 1, referred to as the theoretical framework, an extensive review
of the scientific literature on satisfaction and problem-solving in
specialized texts was carried out, enabling a deep understanding of the
phenomenon under study. In Phase 2, titled test development, the
construct was operationalized using an operationalization table (see
Table 2). This process facilitated the creation of 15 items focused on
key aspects of problem-solving, aligning with the goal of building a
brief measure (Ziegler et al., 2014). The choice to employ only 15
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elements was driven by the need to create a quick, simple tool that
would reduce participant weariness and be appropriate for time-
limited situations.

Regarding the “Generation and Evaluation of Alternatives”
dimension, it consists of three items, unlike the other dimensions with
four. This reduction followed expert review, where one item was
removed for redundancy to maintain clarity and focus. For instance,
an item such as “I explore various ways to address the problem” was
considered redundant as it overlapped conceptually with “I create as
many alternatives as possible.” Although having fewer items may limit
the detailed exploration of this dimension, the remaining items
effectively represent its critical aspects. Future studies could address
this by adding items to ensure a more balanced representation
across dimensions.

To ensure content validity, three expert judges reviewed the
instrument, evaluating each item based on representativeness and
relevance criteria, following international technical recommendations
(American Educational Research Association et al., 2014; Clark and
Watson, 2016). This procedure ensured that the items were
conceptually coherent and appropriately aligned with the theoretical
aspects of the construct, providing a solid foundation for test quality.

The instrument was administered collectively through an online
form, using a snowball sampling method in which university students
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TABLE 2 Operationalization of the variable under study.

Variable and definition

Problem Solving: A complex cognitive
process that involves identifying,
generating, generating, evaluating,
selecting, and verifying solutions to

effectively address a problem.

Dimensions and conceptualization

Analysis and Solution Planning: Involves generating alternatives, setting goals, and evaluating whether the

proposed solutions effectively solve the problem.

(RP1) Hago una lista de todas las alternativas [I make a list of all options.]

(RP2) Verifico si la solucion resuelve el problema [I verify if the solution solves

the problema.]

(RP3) Comparo las alternativas seleccionadas [I compare the selected options.]

(RP4) Establezco metas para entender el problema [ set goals to understand

the problem.]

Critical Evaluation of Solutions: Includes the evaluation of the results obtained, the identification of obstacles and

failures, and the generation of new ideas or adjustments to correct errors in the implemented solutions.

(RP5) Evaluo los resultados obtenidos [I evaluate the results obtained.]

(RP6) Identifico los obstaculos del problema [I identify the obstacles of the
problem.]

(RP7) Propongo ideas antes de decidir [I propose ideas before deciding.]

(RP8) Analizo por qué la solucién fall6 [I analyze why the solution failed.]

Generation and Evaluation of Alternatives: Refers to the creation of multiple solution options and the evaluation

of the consequences of each one, considering their short- and long-term impact.

(RP9) Creo la mayor cantidad de alternativas [I create as many alternatives as

possible.]

(RP10) Considero el impacto en otras personas [I consider the impact on other

people.]

(RP11) Considero las consecuencias a corto y largo plazo [I consider short- and

long-term consequences.]

Prioritization and Review of Alternatives: Consists of selecting the most relevant alternatives, evaluating their

alignment with the objectives, and constantly reviewing them to ensure continued understanding and learning.

(RP12) Priorizo las alternativas segtin su impacto [I prioritize alternatives

based on their impact.]

(RP13) Verifico si las alternativas cumplen los objetivos [I verify if the

alternatives meet the objectives.]

(RP14) Reevalto la informacion para asegurar comprension [I reevaluate

information to ensure understanding.]

(RP15) Evaluo alternativas basaindome en experiencias previas [I assess

alternatives based on previous experiences.]

In square brackets the English version of the item.
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shared the form with other students. Due to the virtual nature of the
process, an Internet-Mediated Research (IMR; Hoerger and Currell,
2012) methodology was implemented. Prior to participation, an
informed consent form was presented, which included essential
information on the study’s objective, anonymity, and data processing.
The study was approved by the ethics committee of the authors’
university (N° 0132-2024-CIE) and adhered to the guidelines of the
Declaration of Helsinki (World Medical Association, 1964). The
virtual form was available from October 7 to October 16, 2024, with
an approximate completion time of 10 min.

In Phase 3, a preliminary review of the items was conducted.
Given the ordinal nature of the observable variables, bar charts were
used for the initial visualization of the data. Additionally, in
accordance with international standards, dimensionality (internal
structure of the test), reliability/precision, and validity in relation to
other variables were examined. These analyses are described in detail
in the data analysis section.

Finally, all research materials, including (a) the database, (b) the
R code, and (c) the test format used, were deposited in the open-access
repository OSE ensuring the study’s accessibility and transparency:
https://osf.io/k3qv8/?view_only=c525tb67e0b946efad25516
a498283ee.

2.4 Data analysis

The R programming language running in the RStudio
environment (RStudio Team, 2022) was used to carry out all data
analysis. Data organizing and model estimate were aided by many
packages including ‘psych’ (Revelle, 2021), ‘lavaan’ (Rosseel, 2012),
‘semPlot’ (Epskamp, 2015), and ‘PsyMetricTools’ (Ventura-
Leo6n, 2024).

Given the ordinal nature of the variables, a preliminary evaluation
of response rates for Likert-type items was conducted to ensure that
each response option had a minimum frequency of 10%, as lower
values could negatively impact model estimation (Linacre, 2002).

The data analysis process was divided into several stages. First, an
Exploratory Factor Analysis (EFA) was conducted. The number of
factors was determined by setting an initial number and evaluating
model fit as factors were added. A four-factor structure was found to
provide acceptable fit values. Following the suggested cutofts by Hu
and Bentler (1999), where SRMR and RMSEA values below 0.08 and
CFI and TLI values over 0.95 indicate satisfactory fit, model fit was
assessed using indices including RMSEA, SRMR, CFJ, and TLI. Also
taken into account were factor loadings above 0.30 and inter-factor
correlations above 0.32 (Tabachnick and Fidell, 2019).

All models were evaluated with an oblimin rotation and using the
mean and variance-adjusted weighted least squares (WLSMV)
method, implemented in ‘lavaan’ (Rosseel, 2022). This estimator was
chosen for its demonstrated effectiveness in handling ordinal data (Li,
2016). Additionally, a three-factor model was tested on a secondary
dataset to evaluate its performance, as the original proposal suggested
three factors (Silvera et al., 2001).

During the EFA, items with factorial complexity (items with
loadings above 0.30 on multiple factors; Lloret et al., 2014) were
removed, which improved model fit.

In the Confirmatory Factor Analysis (CFA), models from previous
studies were initially tested to determine if existing structures
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performed well with the WLSMV estimator. Generally, these models
did not meet acceptable fit criteria (CFI < 0.95, RMSEA g > 0.08). As
a result, data were re-specified based on modification indices
(MI > 10), expected parameter changes (EPC>0.2), and high
standardized residual covariances (>0.2). These thresholds served as
guides, and theoretical reasoning was applied to justify the changes
made to the scale, which was structured around the theoretical model
of problem-solving. It was ensured that each subscale retained at least
three items for model identification purposes. Factor loadings above
0.30 and inter-factor correlations greater than 0.32 were also applied
as standards (Tabachnick and Fidell, 2019).

Reliability was assessed using the omega coefficient (w),
recommended for factorial models, especially congeneric models with
unequal factor loadings (McDonald, 2013; Savalei and Reise, 2019;
Ventura-Leon and Caycho-Rodriguez, 2017).

To validate the scales in relation to another variable, a structural
equation modeling approach was used. Specifically, a CFA model was
employed to explore the interrelationships among various constructs
(Raykov and Marcoulides, 2006). One of the main advantages of CFA
models over simple correlations is their ability to account for item
weights, measurement errors, and indirect measures, providing a
more accurate representation of the latent variable. Academic Self-
Efficacy was selected as a convergence measure due to its strong
empirical support.

3 Results
3.1 Preliminary analysis

Figure 1 displays the frequency distribution of responses for items
RP1 to RP15. A clear variation in responses is observed, with a strong
preference for the “Always is my case” category (Option 4) in items like
RP7 (46.66%) and RP6 (46.52%). In contrast, the “Rarely is my case”
category (Option 1) has its highest frequency in RP1 (13.23%) and
RP9 (9.14%). The intermediate categories, “Sometimes is my case”
(Option 2) and “Frequently is my case” (Option 3), also reveal different
distributions, especially in items like RP9, where “Sometimes is my
case” hits 37.24%, and RP3, where “Frequently is my case” accounts
for 16.51%. Responses often cluster at the extremes for certain items,
so stressing the different views recorded by every item on the scale.

3.2 Exploratory factor analysis

Table 3 presents the goodness-of-fit indices for the exploratory
factor analysis (EFA) model applied to the Problem-Solving Scale. The
model was evaluated using y* degrees of freedom (df), SRMR, CFI,
TLI, and RMSEA. Overall, the model shows a good fit, with a CFI of
0.989 and a TLI of 0.978, indicating strong data alignment. The
RMSEA of 0.075 is also within acceptable limits, suggesting a
reasonable, though slightly elevated, fit. The SRMR of 0.026 further
reinforces the model’s fit quality.

Table 4 shows the factorial structure derived from the exploratory
factor analysis (EFA) applied to the Problem-Solving Scale along with
the factor loadings of every item on the four found factors: f1, 2, {3,
and f4. The bolded loadings show how often an item is assigned to a
certain factor, like RP1 in f1 or RP6 in 2. Many items have notable
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RP1 13.23% 40.52%
RP6 518%  27.15% 21.15% 46.52%
g RP8 5.87% 29.88% 23.19% 41.06%
= RP9 9.14% 37.24% 13.92% 39.70%
RP10 7.78% 30.15% 19.92% 42.16%
RP12 5.46% 32.20% 16.92% 45.43%
RP14 5.32% 30.42% 19.37% 44.88%
RP15 27.83% 21.83% 45.98%
100% 75% 50% 25% 0% 25% 50% 75% 100%
Proportion
Scale Rara vez es mi caso Aveces es mi caso . Frecuentemente es mi caso . Siempre es mi caso
FIGURE 1
Descriptive analysis of the items.

TABLE 3 Goodness-of-fit indices in exploratory models (EFA) of the

problem-solving scale.

Factors Ve df SRMR CFI TLI RMSEA
fl 372107 | 90.0 0.058 0954 | 0.947 0.115
f2 294.398 | 76.0 0.047 0965 | 0.951 0.110
f3 192580  63.0 0.035 0979 | 0.965 0.093
fa 118394 | 510  0.026 0989 0978 0.075

The best model is shown in bold.

loadings on a single factor, which supports the validity of the factorial
structure. RP1, for instance, has a significant loading on f1 (0.82),
whereas RP5 is strongly correlated with f2 (0.81). Indicated at the
bottom of the table, the modest correlations between the variables
point to a sufficient variation between the measured constructs. With
values between 0.78 and 0.90, the omega coefficients (w) also
demonstrate strong internal dependability for every component.

3.3 Confirmatory factor analysis

Figure 2 illustrates the final Confirmatory Model structure of the
Problem-Solving Scale, with four factors: Prioritization and Review of
Alternatives (PRA), Generation and Evaluation of Alternatives (GEA),
Critical Evaluation of Solutions (CES), and Solution Analysis and
Planning (SAP). The item factor loadings are above 0.68 and the inter-
factor correlations vary from 0.84 to 0.92, suggesting strong
interrelationships across dimensions. Excellent fit indices corroborate
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these findings: y* (84) = 244, CFI = 0.98, TLI = 0.975, RMSEA = 0.062,
SRMR = 0.034, and CRMR = 0.03. Additionally, omega coefficients
show acceptable to good reliability: ®_PRA = 0.79, o_GEA = 0.82,
®_CES =0.73, and o_SAP = 0.81. It is important to note that, the
solid lines represent the factor loadings of each item on its respective
latent factor, indicating the relationship between the observed
variables and the theoretical constructs. On the other hand, the
dashed lines represent factor loadings that were restricted or set to
fixed values during the estimation process.

3.4 Evidence of validity in relation to
another variable

Ranging from 0.65 to 0.86, Figure 3 shows the relationship
between academic self-efficacy (SE) and the components of the
problem-solving scale. With y* (242) = 496.039, SRMR = 0.037,
WRMS = 1.013, CFI = 0.984, TLI = 0.981, and RMSEA = 0.486, the
confirmatory factor analysis fit indices show an outstanding model
fit. With CFI and TLI above 0.95 and an RMSEA around 0.05, these
data indicate a great model fit. The correlations between Academic
Self-Efficacy and the problem-solving elements show a strong
interrelationship among these dimensions: 0.64 with Prioritizing
and Review of Alternatives (PRA), 0.57 with Generation and
Evaluation of Alternatives (GEA), 0.36 with Critical Evaluation of
Solutions (CES), and 0.80 with Solution Analysis and Planning
(SAP). Emphasizing that the solid lines show the standardized factor
loadings of the items on their respective latent factors, the dashed
lines show factor loadings limited or fixed throughout the estimate
process. This difference helps us to see the links between the
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TABLE 4 Factorial structure obtained by EFA.

10.3389/feduc.2025.1555167

N° Iltems f1 f2 f3 f4
RP1 I make a list of all options. 0.82 —0.06 0.08 —-0.03
RP2 I verify if the solution solves the problem. 0.64 0.17 0.00 0.10
RP3 I compare the selected options. 0.60 0.03 —-0.01 0.28
RP4 I set goals to understand the problem. 0.42 0.26 0.18 —0.11
RP5 I evaluate the results obtained. —0.04 0.81 —-0.02 0.14
RP6 I identify the obstacles of the problem. —0.05 0.81 0.08 0.00
RP7 I propose ideas before deciding. 0.02 0.88 0.01 —-0.07
RP8 I analyze why the solution failed. 0.13 0.70 0.03 0.06
RP9 I create as many alternatives as possible. 0.17 0.03 0.62 0.00
RP10 I consider the impact on other people. —0.09 0.03 0.72 0.17
RP11 I consider short- and long-term consequences. 0.12 0.13 0.68 —0.05
RP12 I prioritize alternatives based on their impact. 0.14 0.16 0.30 0.44
RP13 I verify if the alternatives meet the objectives. 0.19 0.22 0.02 0.58
RP14 I reevaluate information to ensure understanding. 0.12 0.15 0.01 0.63
RP15 T assess alternatives based on previous experiences. 0.00 0.00 0.27 0.65
fl -

2 0.65 -

3 0.59 0.76 -

f4 0.53 0.69 0.63 -
2] 0.80 0.89 0.78 0.90

f1: Solution Analysis and Planning; f2: Critical Evaluation of Solutions; f3: Alternatives Generation and Evaluation, f4: Alternatives Prioritization and Review; w: omega coefficient (reliability).

The best model is shown in bold.

theoretical constructions as well as the factorial structure of
the scale.

4 Discussion

Appropriate instruments to evaluate problem-solving in
educational environments are still much needed (Ilbay, 2024). In the
Peruvian setting, there is still needed to create and validate a particular
instrument to evaluate this ability at the university level even if active
approaches that foster critical thinking and creativity are being tried
(Espinoza, 2021; Velazquez-Tejeda and Goiii Cruz, 2024; Hortigiiela-
Alcald et al.,, 2019). The research of the problem-solving construct has
become more important since it is regarded as a basic competency for
addressing higher education challenges and is also connected with
metacognitive skills fundamental for promoting autonomous and self-
regulated learning (Monroy and Villamil, 2023; Guamdan-Ledesma
and Rivera, 2024; Covarrubias-Apablaza et al., 2019). In this regard, it
is essential to create a legitimate, accurate, and succinct instrument to
evaluate university students’ aptitude for solving problems. An
innovative approach using the WLSMYV estimator was employed for
the CFA, recognized for its effectiveness in analyzing ordinal variables
(Li, 2016). This kind of tool is crucial for catching the essence of
problem-solving and thus a perfect choice for research requiring exact
and quick evaluations in learning environments.

Lack of such tools hinders attempts to match educational
practices with global goals like Sustainable Development Goal 4
(SDG 4), which stresses inclusive and fair quality education and
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lifetime learning possibilities for everyone (Dastyari and Jose,
2024). Development of skills that increase academic performance
and employability depends on closing this disparity, therefore
fostering innovation and equality in education (Haxhiu, 2023). This
also highlights the urgent need for tools that bridge global
disparities in educational outcomes, particularly in underserved
regions (Mavangere et al., 2022). These considerations underscore
the necessity of contextually relevant tools that not only measure
but also facilitate the development of problem-solving competencies
aligned with both local and global educational objectives.

The descriptive analysis shows significant variability in
participants’ responses, with a tendency toward high scores, such as
“Always is my case,” especially in items 7 (“I propose ideas before
deciding”) and 6 (“I identify the obstacles of the problem”). Similarly,
intermediate scores, particularly “Sometimes is my case, are
predominant in item 9 (“I generate the maximum number of
alternatives”). This variability may be influenced by the participants’
specific experiences and contexts, aligning with problem-
solving models.

Regarding the internal structure of the scale, exploratory factor
analysis findings indicated that the four-dimensional model was
most suitable for the 15 items, as the fit indices were optimal. This
structure was confirmed by the CFA, yielding satisfactory results
with excellent fit indices. Theoretical assumptions are supported by
these findings because conceptual methods of problem-solving
suggest four primary talents (D’Zurilla and Goldfried, 1971;
D’Zurilla and Nezu, 1980; Maydeu-Olivares and D’Zurilla, 1996).
Thus, there is enough evidence to claim that the problem-solving
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FIGURE 2
Confirmatory structure of the problem-solving scale.

scale has an underlying structure made up of four theoretically
supported components (D’'Zurilla et al,, 2004; D’Zurilla and
Goldfried, 1971).

By fostering these competencies, educational institutions can help
reduce dropout rates and improve equity in learning outcomes,
aligning with SDG 4 and broader education goals (Albert et al., 2023).
Moreover, these initiatives may assist structural changes meant to
solve educational disparities in underprivileged populations all
around (Meng, 2024). Including problem-solving techniques into
curricula not only meets immediate academic demands but also helps
society by enabling students to properly negotiate difficult obstacles.

Emphasizing how this interaction helps kids become resilient and
achieve academically, the empirical data show the great link between
academic self-efficacy and problem-solving abilities. Studies reveal
that successful confrontation of challenges depends on self-efficacy
(van Laar et al,, 2020). Indeed, a higher level of problem-solving
capacity is linked to a greater sense of self-efficacy, helping students
approach academic tasks with confidence and persistence (Yilmaz,
2022). This connection aligns with educational psychology findings
that link metacognitive awareness with problem-solving skills,
promoting self-directed learning and resilience in challenging
academic settings (Kozikoglu, 2019; Hwang and Oh, 2021).
Consequently, self-efficacy not only predicts students’ ability to
manage and solve complex academic problems but also correlates with
adaptive coping mechanisms, enhancing persistence and reducing
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FIGURE 3

Relationship between the factors of the problem-solving scale and
academic self-efficacy. Solution Analysis and Planning (SAP), Critical
Evaluation of Solutions (CES), Generation and Evaluation of
Alternatives (GEA), Prioritization and Review of Alternatives (PRA),
Self-Efficacy (SE). The solid lines represent the standardized factor
loadings of the items, whereas dashed lines indicate factor loadings
that were constrained or fixed during the estimation process.

procrastination (Karaoglan-Yilmaz et al., 2023). This relationship is
particularly relevant in Latin American contexts, where high
university dropout rates prevail; developing self-efficacy through
problem-solving skills could mitigate the negative impact of these
rates by fostering continued engagement and successful academic
trajectories (Mellado et al., 2018).

Reliability was demonstrated through internal consistency using
the omega coefficient, as this is preferable when the factor models are
congeneric (Savalei and Reise, 2019; Ventura-Le6n and Caycho-
Rodriguez, 2017). The results showed values between 0.78 and 0.90,
exceeding the recommended 0.70 threshold (Ventura-Ledn and
Caycho-Rodriguez, 2017). This is like the reliability reported in other
tests that also measure problem-solving (DZurilla et al., 1999
Maydeu-Olivares et al., 2000). Therefore, the scale items consistently
measure each aspect that constitutes problem-solving.

This study is significant because it focuses on constructing a
scale to assess problem-solving in the Peruvian university context,
where specific tools for measuring this competency are still lacking
(Ilbay, 2024). Additionally, future research should explore the
instrument’s applicability in diverse educational settings, thereby
informing curriculum development and policymaking and
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extending its benefits beyond the local context. By providing a
measure of this skill, the research offers educators and education
professionals valuable data for optimizing curricula and guiding
pedagogical decisions, with the development and validation of this
instrument being among its main contributions (Maydeu-Olivares
et al., 2000; Sotomayor and Aguila, 2022). In this sense, the study
expands the understanding of problem-solving, as while
consolidated theories exist regarding this skill in other contexts, it
has not yet been thoroughly explored from a rational approach.
Thus, the proposed scale is based on the Rational Problem-Solving
Style, defined by D’Zurilla and Goldfried (1971) as a conscious,
deliberate, and rational process that encompasses essential skills
such as problem definition, alternative generation, decision-making,
and solution verification. Additionally, the scale includes a
convergence analysis with academic satisfaction, which adds a more
comprehensive perspective on the impact of this competency on
student wellbeing. This tool, therefore, allows for adapting
pedagogical strategies to the actual needs of students, promoting
meaningful learning and developing skills such as creativity and
critical thinking (Akpur, 2020; Aslan, 2021; Sari et al,, 2021;
Simanjuntak et al., 2021). This comprehensive approach also
contributes to a limited regional literature and highlights the
relationship between rational problem-solving and students’ ability
to reflect and employ metacognitive strategies, thereby enhancing
their performance and capacity to face challenges (Astuhuaman and
Cristébal, 2021).

The development and validation of the problem-solving scale
faced limitations. The use of snowball sampling limited
generalizability, emphasizing the need for random sampling in
future research. Although the sample size exceeded the minimum
requirement of 250 participants, with 733 students, expanding the
sample further could improve robustness and allow for detailed
subgroup analyses. The “Generation and Evaluation of
Alternatives” dimension has fewer items than other dimensions
but meets Brown’s (2015) recommendation of at least three items
per factor, ensuring reliability and validity. Future research could
add items to enhance its comprehensiveness and balance
across factors.

5 Conclusion

In conclusion, this study provides higher education with a valid
and reliable tool for assessing problem-solving in Peruvian university
contexts, addressing a significant gap in measuring essential
competencies for autonomous learning and self-regulation. Strong
psychometric qualities and a reasonable capture of the logical aspect
of problem-solving define the scale. Research and instructional
practice both benefit much from these results. First, the tool helps
teachers to methodically evaluate students’ ability to solve problems,
therefore enabling evidence-based curriculum design enhancements.
Second, it offers a way to find students who could benefit from focused
treatments meant to improve cognitive and metacognitive abilities. At
last, the creation of a theory-driven, succinct, culturally appropriate
instrument supports worldwide attempts to standardize the evaluation
of 21st-century abilities in various educational environments.
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Appendix A
Problem-Solving Questionnaire (PSQ)
Instrucciones: Lee cada afirmacion y selecciona la opcién que mejor describa céomo ENFRENTAS LOS PROBLEMAS EN TU DIA A

DIA. No hay respuestas correctas o incorrectas, solo elige lo que mas se asemeje a tu comportamiento habitual. Tomate tu tiempo, no marques
por marcar.

Rara vez es mi A veces es mi caso Frecuentemente es mi caso Siempre es mi caso

caso

ftems

Hago una lista de todas las alternativas 1 2 3 4
Verifico si la solucion resuelve el problema 1 2 3 4
Comparo las alternativas seleccionadas 1 2 3 4
Establezco metas para entender el problema 1 2 3 4
Evaluo los resultados obtenidos 1 2 3 4
Identifico los obstaculos del problema 1 2 3 4
Propongo ideas antes de decidir 1 2 3 4
Analizo por qué la solucion fall 1 2 3 4
Creo la mayor cantidad de alternativas 1 2 3 4
Considero el impacto en otras personas 1 2 3 4
Considero las consecuencias a corto y largo plazo 1 2 3 4
Priorizo las alternativas segtin su impacto 1 2 3 4
Verifico si las alternativas cumplen los objetivos 1 2 3 4
Reevalto la informacion para asegurar comprension | 1 2 3 4
Evaluo alternativas basindome en experiencias 1 2 3 4
previas

Frontiers in Education 13 frontiersin.org


https://doi.org/10.3389/feduc.2025.1555167
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

	Problem-solving: development and validation of a short instrument for higher education
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Instrument
	2.3 Procedure
	2.4 Data analysis

	3 Results
	3.1 Preliminary analysis
	3.2 Exploratory factor analysis
	3.3 Confirmatory factor analysis
	3.4 Evidence of validity in relation to another variable

	4 Discussion
	5 Conclusion

	References

