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PSYCHOMETRIC PROPERTIES OF RESEARCH COMPETENCY SCALES

Summary

The study aimed to explore the psychometric properties of research competency scales published
in the scientific literature in seven databases: Scopus, Web of Science, ERIC, Embase, EBSCO,
PubMed and SciELO between 2014 and June 2023. Thirteen papers were systematized, where
11 scales were found that measured content validity using indexes such as the S-CVI, Aiken's V
and item-test correlations. Similarly, the results of the exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA) presented adequate fit indices such as CFI, GFI, TLI, SRMR
and RMSEA, which validated the factor structure. Reliability was mostly evaluated through
Cronbach's Alpha coefficient, yielding high and consistent values. In addition, coefficients such
as McDonald's Omega, ordinal Omega, Guttman and Spearman Brown have been used, all
reflecting a value above .70 and internal consistency in the measurements. In synthesis,
instruments such as the RCS, SRCS, RPCS, SPRDS, EAHIF, AHABI, ERL, self-perception
questionnaires and rubrics have proven to be effective tools in the assessment and development
of research skills. In that sense, these scales can improve the assessment and development of
research skills in university students, and it is expected that future research will use them to
evaluate pedagogical approaches and international contexts.

Keywords: Research skills; Validity; Reliability; Psychometrics; Systematic review.

Resumen

El estudio tuvo como finalidad explorar las propiedades psicométricas de las escalas de
competencias investigativas publicados en la literatura cientifica en siete (7) Bases de datos:
Scopus, Web of Science, ERIC, Embase, EBSCO, PubMed y SciELO entre el 2014 y junio del
2023. Se sistematizaron 13 documentos, donde se encontré 11 escalas que midieron la validez de
contenido utilizando indices como el S-CVI, V de Aiken y correlaciones item test. De igual
manera, los resultados de los andlisis factoriales exploratorios (AFE) y confirmatorios (AFC)
presentaron adecuados indices de ajuste como CFI, GFI, TLI, SRMR y RMSEA que validaron la
estructura factorial. La confiabilidad se evalu6 mayoritariamente a través del coeficiente Alfa de
Cronbach, arrojando valores altos y consistentes. Ademas, se han empleado coeficientes como
Omega de McDonald, Omega ordinal, Guttman y Spearman Brown, todos reflejando un valor
por encima de .70 y consistencia interna en las mediciones. En sintesis, los instrumentos como el
RCS, SRCS, RPCS, SPRDS, EAHIF, AHABI, ERL, cuestionarios de autopercepcion y rabricas
han demostrado ser herramientas eficaces en la evaluacion y desarrollo de habilidades
investigativas. En ese sentido, estas escalas pueden mejorar la evaluacion y desarrollo de
habilidades investigativas en estudiantes universitarios, y se espera que futuras investigaciones
las utilicen para evaluar enfoques pedag6gicos y contextos internacionales.

Palabras claves: Competencias investigativas; Validez; Confiabilidad; Psicometria, Revision
sistemética.
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INTRODUCTION

In the context of higher education and academic training, research competencies have become of
key importance and are understood as the set of skills, knowledge and attitudes that enable an
individual to carry out research in an effective and rigorous manner (Nolazco-Labajos et al.,
2022; Torres & Manchego, 2023; Valderrama et al., 2022). These competencies involve the
ability to formulate research questions, collect and analyze data, evaluate sources, develop
evidence-based arguments, and disseminate results in a clear and coherent manner (Jeréz et al.,
2022). The competencies not only equip students with the necessary tools to effectively approach
scientific research, but also influence their ability to critically analyze information, synthesize
knowledge and make informed decisions (Castellanos & Rios-Gonzélez, 2017; Tuononen &
Parpala, 2021; Vieno et al., 2022). The measurement of these competencies has become an
essential issue in today's education, prompting the creation of specific scales for their evaluation.

Several studies have systematized the instruments for measuring research competencies,
finding adequate psychometric properties for students, teachers and professionals (Castro-
Rodriguez, 2021; Chen et al., 2021). However, these have been presented mainly in higher
medical education and their application is found in evidence-based practice and medical education
programs (Charumbira et al., 2021; lanni et al., 2021). Although studies on attitudes towards
research have been reported (Herndndez et al., 2021; Rodriguez et al., 2023), there is little or no
evidence of studies on research competency instruments that psychometrically describe them,
despite their increased measurement in higher education in recent years (da Silva et al., 2023;
Ipanaqué-Zapata et al., 2023; Kaur et al., 2023; Smith et al., 2020).

A systematic review of the psychometric properties of the scales used to assess research
competencies was proposed in this study; due to the fact that their effectiveness depends largely
on their validity (content, construct and criterion) and reliability (Echevarria-Guanilo et al., 2019;
Zangaro, 2019). In that regard, they allow us to deduce their ability to accurately measure the
skills required for the research, so we must be aware of the limitations of the instruments that are
applied (McKechnie & Fisher, 2022) and their importance at the time of measurement, to ensure
that we choose the best tool for the research question and the target population (Alavi et al., 2022).

Thus, the review not only contributes to a deeper understanding of the tools available to
assess research competencies, but also allows the identification of areas for improvement and
possible gaps in the current literature. In addition, the results obtained have a direct impact on the
practice of higher education, providing valuable information for teachers, researchers and
professionals interested in the formation and evaluation of research competencies in university
students along with the generation of knowledge. In this regard, through an exhaustive analysis
of the existing literature, the objective was to explore the psychometric properties of the research
competency scales, providing a comprehensive view of their validity, consistency and ability to
predict research performance in education or other disciplines. In addition, the specific objectives
focused on the description of the studies found in the scientific literature, the main measurement
instruments, the most relevant competencies, the characteristics and types of validity and
reliability, and the main limitations.
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Therefore, and following the PICO methodology, it was necessary to formulate research
questions, considering that the specification of these aspects is an important process of a
systematic review (Garcia-Pefialvo, 2022). The research questions were what instruments have
been used in psychometric studies in relation to research competencies, since their recognition is
essential to obtain results appropriate to the context in question. Another question was what are
the characteristics of their validity and reliability, in order to guarantee their applicability and
replicability in higher education, professional or other scenarios? Also, what type of validity and
reliability were applied in the studies, and what limitations were found in the studies analyzed,
which made it possible to elucidate the progress in research available in recent years. Similarly,
what research competencies or components have been studied, based on the factors of the
instruments in order to obtain a conglomerate for future studies.

METHOD
Design

The study corresponded to a theoretical type (Garcia-Gonzalez & Sanchez-Sanchez, 2020) with
a systematic review design (Ranganathan & Aggarwal, 2020). The recommendations of the
PRISMA guide (Page et al., 2021) were considered for the synthesis of the information found in
the bibliographic sources.

Bibliographic Review

Studies were selected from seven databases (Scopus, Web Of Science, ERIC, Embase, EBSCO,
PubMed, SciELO) comprised between 2014 and July 2023. The search terms used were
“propiedades psicométricas, psychometric properties, psychometric characteristics, validity,
reliability, factor structure, competencias investigativas, investigative skills, research
competencias, research skills, investigative competencies”. They were limited to empirical
studies in their entirety, the recommendations on the references found in full text and those
referenced in the database guides as "similar studies were reviewed."

Procedure

Search procedure.
The terms and descriptors combined with Boolean operators AND, OR were entered into the
search engines of the databases, resulting in the following search equations (see Table 1):

Selection criteria and processes.

The criteria for inclusion of the documents were: to be a quantitative study published in one of
the selected scientific databases, to be between 2014 and June 2023, to have included in its
population and/or sample participants who are at least in higher education (undergraduate or
graduate students, teachers, professionals of any career), to have evaluated any of the
psychometric properties, to have considered studies focused on the evaluation of research
competencies and/or skills, limiting the participation of scales of "attitude™" towards research.
Similarly, only those studies to which full access was available were considered and no restriction
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was applied to the language of the documents found, as well as to the dimension of the
instruments.

Table 1.
Database search process
Database Search equation
Scopus [TITLE-ABS-KEY ("Psychometric properties" OR "Psychometric characteristics" OR

validity OR reliability OR "Factor structure” AND "investigative powers" OR
"investigative skills" OR "research competencies" OR "research skills" OR "investigative
competencies" )],

Web of Science [TI=(Psychometric properties AND investigative skills OR research competencies)]
ERIC [T1 Psychometric properties OR TI Psychometric characteristics AND TI "investigative

powers" OR TI "investigative skills" OR TI "research competencies" OR Tl
"competencias de investigacion"]

Embase [('psychometric properties’/exp OR 'psychometric properties' OR ‘psychometric
characteristics’) AND 'investigative skills' OR 'research competencies' OR 'research
skills'

EBSCO [T (psychometric properties or validity or reliability) AND TI investigative skills OR Tl

research competencies OR TI research skills for students OR TI research skills]

PubMed [((psychometrics[Title/Abstract]) AND (investigative skills[Title/Abstract])) OR
(research skills[Title/Abstract])]

SciELO [(ti:(competencias de investigacion AND propiedades psicométricas))]

Source: Elaborated by the author.

It is important to mention that for the selection of the instruments, a review of the
theoretical foundations that support the structure of each one of them was carried out; also, that
they have at least the criteria of a quantitative study. In addition, for the selection of the articles,
three of the researchers (CTM, NPPT and SLPT) carried out the screening processes for the
coherence of the inclusion of the documents, thus minimizing the existence of bias due to the
social desirability of any of the authors, denoting quality in the systematization process, following
the recommendation of the PRISMA checklist (Page et al., 2021).

Coding of articles.

For the classification of the documents found, the documentary analysis (Bracho et al., 2021) was
applied according to the design of the data collection matrix, using Microsoft Excel ® where the
authors, country, objective, sample, career, instruments, number of items, dimensions and/or
factors, main results, conclusions, and limitations of the studies were contemplated. The data
entered were sent to two external researchers to verify their correspondence. Two scales
measuring attitudes toward research were discarded as a predictor of research competency
development.

Data analysis

For the data collection matrix, Figure 1 summarizes the search process followed. Initially, the
databases registered 8,318 articles, but after applying the temporality and exclusion criteria, only
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26 documents were registered. Repeated articles, those that were not accessed in full text and did
not focus on the variables were purged, systematizing only 13 documents.

Figure 1.
Selection process of PRISMA studies
Previos studies Studies via database Other methods
Studies in previous Scopus = 108 Search in website
= versions = 0 Web of Bciance = 350 l:S&ﬂI'Ch
= ERIC = 402 )
E Fabase = 1473 recommendations)
b= Ebzeo = 3323 =
2 PublMed = 640
- SclELO =12
_ Fecords excludad by date
Screened records = | (2018-2023)=4684
8310 Review of titles = 3582
9
Publication recoverad — -
fi raluation = 44 Publications after raview of
%ﬁ or evatuation ¥ tha complate taxt = 13
7]
o
L. Publications exchidad:
Publications Full text could not be
evaluated for » accaszad =7
eligibility = 26 Attstudes were evaluated = 1
- Feapeated=35
Mot applicable= 3
9
Studies meluded in the
o review =10
MNew studies meluded =
% 3
E ]
h
Total studies included
in the review = 13

Source. Elaborated by the author.

RESULTS

Table 2 reflects the main characteristics of the selected articles. Nine articles mainly evaluated
the psychometric properties of the research competency scales, while the other four focused on
the design and validation of these scales. Six out of 13 studies were conducted in South America,
four of which correspond to Peru; the scales were evaluated with 6,922 students in health sciences,
engineering, business, communication sciences and graduate studies. The majority of the
participants were women; in addition, three studies evaluated the instruments psychometrically
with teachers and one study did so with professionals.
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(2021)
Perl

Table 2.
Characteristics of systematized articles

Authors Sample Career Instruments

Qiu et al. (2019) 146 undergraduate students Nursing Research Competency Scale (RCS-N).

China (88.36% female and 11.64% 24 items, one-dimensional

male)

Cobosetal. (2016) 150 students (75.3% male Engineering Self-assessed skills for inquiry-based

Ecuador and 24.7% female) learning (AHABI). 20 items, three
factors and/or dimensions.

Ipanaqué-Zapataet 1598 students (70.53% Not specified Self-perception of research skills

al. (2023) female and 29.47% male) instrument. 8 items, one-dimensional.

Perd

Merino-Soto et al. 307 students (72.3% female  Psychology Research Perceived Competency Scale

(2022) and 27.7% male) (RPCS). 4 items, one-dimensional

Perd

Duru & Orsal (2021) 937 professionals (85.7% Nursing Scientific Research Competency Scale

Turquia women and 14.3% men) (SRCS). 57 items, four factors and/or
dimensions

Bottcher-Oschmann 536 students Graduate Fragenbogens zur Erfassung

et al. (2019) studentischer Forschungskompetenzen.

Alemania 32 items, four factors and/or
dimensions.

Swank & Lambie 379 participants (64% Graduate Research Competencies Scale (RCS).

(2016) women, 35% men and 1% 54 items, six factors and/or dimensions.

Estados Unidos others)

Rockinson-Szapkiw 433 students Graduate Scholar—practitioner research

(2018) development scale (SPRDS). 24 items,

Estados Unidos five factors and/or dimensions.

Cota & Beltran- 124 teachers (54.8% female  Not specified Research Competencies Scale (RCS).

Sanchez (2021) 45.2% male) 46 items, four factors and/or

México dimensions.

Guerrero-Narbajo et 1260 students (56.98% Engineering, Self-Assessment Scale for Formative

al. (2023) females and 43.02% males)  Social Sciences Research Skills (EAHIF). 17 items,

Pert and Nursing three factors and/or dimensions.

Aliaga-Pacoraetal. 38 thesis advisors Graduate Socioformative rubric to evaluate

research competencies in graduate
studies. 11 items, five factors and/or
dimensions.

GroR et al. (2017)

2113 students

Communication

Educational Research Literacy (ERL).

Alemania sciences 22 items, four factors and/or
dimensions.
Hernandez et al. 32 teachers (56.3% female Not specified Scale to evaluate research

(2021)
Colombia

and 43.7% male)

competencies. 31 items, three factors
and/or dimensions.

Source. Elaborated by the author.

Instruments used

Three out of 13 studies applied the Research Competence Scale (RCS) (Cota & Beltran-Sanchez,
2021: Duru & Orsal, 2021; Swank & Lambie, 2016) where one-dimensional six- and four-factor
constructs were evidenced. Similarly, short scales of four items were evidenced in the case of the
Research Perceived Competence Scale (RPCS) (Merino-Soto et al., 2022) followed by the
Research Skills Self-Perception Instrument with 8 items (Ipanaqué-Zapata et al., 2023). The most
extensive instruments were composed of 46, 54 and 57 items, as well as 11 instruments that are
applied both at the undergraduate and graduate levels.
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Validity characteristics of the instruments

Content validity.

According to Table 3, seven out of 13 items reported having content validity employing the scale-
level content validity index (S-CVI) with values above .95 as well as inter-item correlations
ranging from .80 to 1 (Qiu et al., 2019). Likewise, Merino-Soto et al. (2022) found high
covariance between items with values ranging between .81 and .89, while Duru & Orsal (2021)
found correlations between .61 and .83 that were also found to be significant. The content validity
was carried out by expert judges, where the values obtained in terms of agreement between the
criteria by means of Aiken's V, Fleis' Kappa coefficient and Kendall's W reflected values above
.80, except for Kendall's W. Nevertheless, the values were adequate in its three components [.66;
.64; .69] (Aliaga-Pacora et al., 2021; Cota & Beltran-Sanchez, 2021; Guerrero-Narbajo et al.,
2023; Hernandez et al., 2021).

Table 3.

Psychometric evidence of the articles (n = 13)

Authors Content validity Construct validity Reliability
Qiuetal. (2019) Content validity using e The CFA showed a two-dimensional o =.98 global

the overall S-CVI of
the RCS-N was .98.

model, with adequate fit indices y2
(df =54) =99.91 (p <.001), RMSEA
=.08; CFI =.98; SRMR = .02, r2 =
98.

Cobos et al. Not specified e The KMO sample adequacy index o= .91 on the full
(2016) reached the value of .891 and scale; F1=.89; F2 =
Bartlett's test of sphericity registered .71 and F3 = .69
1429.971. (p <.001). Three factors
explain 54.85% of the total variance.
Ipanaqué-Zapata Not specified e The AFA showed that the factor a=.92 global; o
et al. (2023) loadings for the unifactorial model ordinal = .96y Q =
are adequate (A > .49). Similarly, the .90
CFA showed that the fit indices were
adequate (x2 = 404.35; CFI1 = .99;
TLI =.981; SRMR = .04). The
instrument is invariant according to
gender and age. Normative data were
low (8-17 points), medium (18-22
points) and high (23-24 points).
Merino-Soto etal.  As for the correlations, e  The linear fit to the one-dimensional ~ Q =.96; a.=.96
(2022) it was observed that the RPCS model was satisfactory: global.
covariation among the WLSMV- %2 (2) =31.28,p < .01,
items was high, CFI = .99, SRMR =.02.
varying between .81 e Interms of convergent validity, the
and .89, indicating RPCS score is associated with
approximately 71.6% satisfaction with studying and
common variance. general anxiety symptoms.
Duru & Orsal The corrected item- e The EFA grouped the 57 items into SRCS global [a =.99,
(2021) total correlation four subdimensions, with factor Guttman = .94, SB =

coefficients ranged
from .61 to .83, in that
sense all items were
statistically significant.

loadings between .62 and .79, and
explained 69.87% of the total
variance.

SRCS is negatively related to scores
on the ASTSR subdimensions
'reluctance to help researchers (r = -
.33) and negative attitude toward
research (r = -.34), and ASTR scores
(r =-.54). 1t is positively related to
the ASTSR subdimensions (p <

94]; F1 = [0 .98,
Guttman = .97, SB =
97, F2=[a=.97,
Guttman = .95, SB =
.96], F3 =[a=.94,
Guttman = .95, SB =
951 F4=[a=.91
Guttman = .82, SB =
.90]
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.001), which are positive attitude
toward research (r = .64) and positive
attitude toward researchers (r = .47).

Bottcher- Not specified The research competencies model a>.80
Oschmann et al. presents adequate fit indices (}2
(2019) (2267) = 3877.84; p <.001; y2/df=
1.71; CFl = .90; RMSEA = .04;
SRMR = .06
Swank & Lambie  Not specified EFA using Bartlett's test for a=.98 global; [F1 =
(2016) sphericity showed values of (32 = .98, F2=.96,F3 =
26042,26, gl =1431,p<.001)anda .95, F4=.94;F5=
meritorious KMO value (.96); in .92; F6 = .96]
addition, the RCS factors explained
76.86% of the variance.
Rockinson- Not specified The EFA grouped five factors, which  SPRDS o= .93; F1 =
Szapkiw (2018) together explained 78.5% of the total .90, F2 = .93, F3 =

variance.

.88, F4 = .82, F5=.85

Cota & Beltran-

Content validity was

The four subscales, by means of

o for subscales F1 =

Sanchez (2021) assessed by the EFA, evidenced communalities 97, F2=.88;F3=
judgment of five greater than .30; factor loadings .96; F4=.95
experts; inter-judge greater than .50, KMO values greater
agreement was than .80; with an explained variance
calculated using Fleis' greater than 50%. [F1: KMO = .90,

Kappa coefficient, 75% variance; F2: KMO = .80, 53%
where the results were variance; F3: KMO = .91; 81%
satisfactory (k =.08; p variance; F4: KMO = .89, 82%
=.04) variance]

Guerrero-Narbajo ~ Content validity The KMO value reached for the EFA  a.=.90; Q=.90

et al. (2023) through expert was .99; three factors explained 47%  global; F1 = .81, .81;
judgment, obtaining an of the variance. The CFA showed F2=.81,.81;F3=
Aiken V greater than adequate fit indices [y2/gl = 1.24; 72,72
.80 for the items. GFl =.99; RMSEA = .02; SRMR =

.04; CFI =.99; TLI =.99]
Aliaga-Pacoraet  Aiken's V > .80; 95% Not specified o= .83 global

al. (2021)

Cl VI > .75 for item

relevance and wording.

GroB et al. (2017)

Not specified

The factor analysis showed that the
bifactor model was the most
appropriate.

Q=.92yel Oh =87
global

Hernandez et al.
(2021)

Kendall's W
concordance analysis
in all three dimensions
[.66; .64; .69]

Not specified

o =.84 global; F1 =
.89; F2=91; F3=.89

Source. Elaborated by author.

Construct validity.

According to Table 3, 11 out of 13 articles were found to have psychometrically evaluated the
instruments using factor analysis to demonstrate the construct validity of the scales. Seven of
these performed the EFA with KMO values > .80 with variance explained according to the factors
between 47% and 76.86% (Cobos et al., 2016; Cota & Beltran-Sanchez, 2021; Duru & Orsal,
2021; Guerrero-Narbajo et al., 2023; Ipanaque-Zapata et al., 2023; Rockinson-Szapkiw, 2018;
Swank & Lambie, 2016). According to the AFC, the Research Competencies Scale (RCS-N),
Research Perceived Competencies Scale (RPCS), the Self-Perceived Research Skills Instrument,
the Questionnaire for Assessing Students' Research Competencies, the Educational Research
Literacy Scale (ERL) presented adequate fit indices to the proposed models with values of CFI >
.90; GF1>.95; TLI> .95, SRMR <.060 and RMSEA < .05, which demonstrated having factorial
structure. (Bottcher-Oschmann et al., 2019; Grof3 et al., 2017; Guerrero-Narbajo et al., 2023;
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Ipanaqué-Zapata et al., 2023; Merino-Soto et al., 2022; Qiu et al., 2019). Only the self-perceived
research skills instrument performed the invariance analysis at the sex and age level; in addition,
it had normative data according to its direct score, being low [8-17], medium [18-22] and high
[23-24]. Moreover, the RPCS and SRCS scales performed construct validity in relation to other
variables, thus demonstrating a higher level of consistency.

Reliability.

Table 3 shows that the Cronbach's Alpha coefficient has been used for 100% of the instruments
that measure research competencies and/or skills, both at the global level and for the dimensions
or factors. Coefficients were obtained between .83 and .99 at the global level and between .69 and
.98 for the dimensions. However, McDonald's Omega coefficients (Q2), ordinal Omega (Qh),
Guttman and Spearman Brown (SB) were used and adequate values that meet internal consistency
criteria were reached,

According to Table 4, it has been found that the RCS instruments evaluated by Cota &
Beltran-Sanchez (2021); Qiu et al. (2019); and Swank & Lambie (2016) proved to be a study tool
with adequate psychometric properties. However, it cannot replace written or oral exams to assess
students' competencies. In that regard, it is a tool that helps to identify research strengths and
recognize areas to focus on to further develop research competencies at both the undergraduate
and graduate levels. Similarly, the SRCS, RPCS, SPRDS, EAHIF, AHABI, ERL, the self-
perception of research skills instrument, the questionnaire to record students' research skills, the
socioformative rubric to evaluate research skills in graduate studies, and the scale to evaluate
research skills have adequate levels of validity and reliability; however, more rigorous studies are
required to demonstrate the constructs and invariance.

Table 4.
Main conclusions and limitations encountered (n = 13)
Authors Conclusions Limitations
Qiu et al. The RCS-N developed is a promising, valid, and Small sample size.
(2019) reliable tool for assessing the research competence of
nursing students.
Cobos et al. A valid instrument has been generated to measure the Not specified
(2016) learning of research skills.
Ipanaqué- The research skills scale is valid and reliable for The RMSEA value was >.08; similarly,
Zapata et al. Peruvian university students of both sexes and age the research skills instrument was used
(2023) groups in an E-Learning environment. to assess students' self-perceptions of

their research skills; non-probability
convenience sampling.

Merino-Soto et The instrument has adequate psychometric properties, The sampling of the participants did not
al. (2022) i.e., excellent fit indices. They were evaluated by non- ensure that they were representative of
parametric and parametric methodologies; moreover, the population.

the brevity of this instrument, and the satisfactory
validity evidence obtained, indicate that this new
adaptation can contribute significantly to the teaching of

research.
Duru & Orsal The developed SRCS is a valid and reliable self- Convenience sampling: the absence of a
(2021) assessment tool that can be used to determine the parallel form, in which the validity and
scientific research competencies of nurses with reliability study was conducted in the
undergraduate or graduate education. language in which the scale was

prepared and measures research
competence. Also, the length of the
scale.
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Béttcher- The F-Komp is an instrument with which self-assessed Sample size and selection.
Oschmann et research skills can be recorded in contrast to learning

al. (2019) skills.

Swank & The findings indicate that the RCS is a promising There was no adequate distribution

Lambie (2016) instrument for counselor educators and doctoral students among the participants.
to use in self-assessment, and the RCS may also prove
useful for educational and evaluation purposes.

Rockinson- Evidence is found that the SPRDS has validity and Limited number of programs and

Szapkiw reliability as an instrument to assess research universities.

(2018) competencies in doctoral students. Homogeneity of the sample (students
were pursuing degrees in the field of
education).

Cota & The instrument has been shown to have empirical Not specified

Beltran- sustainability.

Sanchez

(2021)

Guerrero- The EAHIF presents evidence of content and construct ~ The instrument was only applied to

Narbajo et al. validity and adequate reliability. students, the absence of a representative

(2023) sample.

Aliaga-Pacora  The research competencies instrument for graduate Absence of construct analysis, sample

etal. (2021) students has adequate levels of validity and reliability. size.

GroB et al. The results indicate that the four-dimensional bifactor Not specified

(2017) model was the most appropriate: The ERL appears to

consist of one dominant factor and three secondary

factors.
Hernandez et The instrument has an adequate level of validity. Not specified
al. (2021)

Source. Elaborated by the author.

Among the main findings, the 13 articles reviewed included deficiencies centered mainly
on the sample size (5 studies analyzed instruments with fewer than 200 participants) and the
selection method (100% non-probability convenience). Also, 30.7% of the documents reviewed
did not characterize the study sample. The results also reveal that only six articles have carried
out the CFA, minimizing the possibility of having tools for screening with respect to diverse
contexts. Similarly, 76.9% of the articles considered different undergraduate and graduate areas
for the evaluation of research competencies.

After analyzing Tables 2-4, in general terms, the main research competencies and/or skills
found were formulated in relation to the dimensions, indicators or elements provided by the
instruments. In this regard, five main components were grouped that can be applied to measure
the variable. Starting with the competence factor itself, followed by skills, knowledge of research
methods and ethics, as well as presentation of results and dissemination (Table 5).

DISCUSSION

The aim of this study was to explore the psychometric properties of the research competency
scales, providing a comprehensive view of their validity, consistency, and ability to predict
research performance. An evaluation production has been found in the South American context,
these results are related to the various published works regarding the measurement of research
competencies in recent years (Torres & Manchego, 2023; Valderrama et al., 2022) which
evidences a significant need and/or interest in the science scenario. In this regard, the evaluation
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of research competencies indicates that it is a construct considered very important for the
promotion of critical thinking and evidence-based decision making (Castro-Rodriguez, 2023).

Table 5.
Proposed factors for measuring research competencies.

Factors and/or dimensions Evaluation indicators

Competencies Identification and organization of information
Literature review

Information literacy

Statistical competence

Evidence-based reasoning

Scientific generation of knowledge
Information processing and management
Writing skills

Preparation of scientific information
Methodological skills

Application of instruments

Reflection skills

Qualitative Research

Quantitative research

Sample selection methods

Knowledge of research ethics and integrity
Introduction

Methodology

Results

Final report

Collaborative work

Communication of results
Dissemination of results

e  Research value

Skills

Research methods and ethics

Reporting and presentation of results

Research dissemination

Source. Elaborated by the author.

As a result of the review, it was found that the main scale for measuring research
competencies and/or skills was the RCS, which had the greatest number of psychometric analyses;
however, it also presented diverse factorial structures, which makes it impossible to define the
dimensions in question accurately. For this reason, it is related to the information raised by Swank
& Lambie (2016) who point out that internal structure dilemmas make further exploration of
psychometric analysis necessary. In addition, short questionnaires are presented as alternatives
that have adequate psychometric properties (Aliaga-Pacora et al., 2021; Ipanaqué-Zapata et al.,
2023; Merino-Soto et al., 2022).

As for content validity, several methods have been used, such as the CVI, item-test
correlation, Aiken's V, Fleis' Kappa and Kendall's W to affirm that the items proposed measure
the variables. It is related to the study proposed by Almanasreh et al. (2019) who refer that the
content validity is an essential factor in the psychometric evaluation of the instruments. For this
reason, in order for the scales in the measurement of competencies to be optimal, rigorous
evaluation is necessary. Because the standardization of the instruments is a necessary confidence
for the accuracy of the results to be obtained, Madadizadeh & Bahariniya (2023) refer that robust
methods are required with the content validity rate (CVR) and the CVI because of their relevance
for the appropriateness of an item to the overall scale. In that regard, failure in the application or
measurement of content validity is related to the scarcity of information in the literature for its
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procedure (Newman, et al., 2013). However, it is this process that ensures a better fit from a
qualitative and mixed perspective for the consideration of an item, not just waiting for a statistical
calculation result.

Regarding construct validity, the reviewed documents have used both EFA, CFA,
invariance and correlation with other variables (discriminant and convergent) that have made it
possible to present adequate psychometric measurement properties of the variables. However,
many of them have only remained exploratory evaluations. As is known in the field of education,
it is necessary to have tools with optimal evaluation processes, therefore, it is necessary to test the
quality of the instruments by means of more robust methods or coefficients. The CFA represents
a fundamental process to be carried out, as indicated by Escobedo et al. (2016) who point out that
the CFA can correct or corroborate, if any, the shortcomings of the EFA, leading to further testing
of the specified hypotheses. In addition, Buntins et al. (2021) refer that to use the instruments it
is necessary the existence of convergence with others, since they represent adequate psychometric
values together with those already widely used of the EFA and CFA as referred by Maric et al.
(2023) who refer that they are the most outstanding in the evaluation of the internal structure.

Of the reliability of the instruments, 100% of them used Cronbach's alpha for estimation,
which although they recorded adequate values above .70 (da Silva et al., 2015; Oviedo & Campo-
Avrias, 2005; Toro et al., 2022) differ from the analyses or assumptions of application of them as
referred by Zakariya (2022) who states that in order to apply Cronbach's alpha it is necessary to
identify whether the instruments possess one-dimensionality, since their indiscriminate use may
underestimate or overestimate the tests evaluated. Under this reality, it is necessary to develop
more robust measures such as McDonald's Omega, which allows a better estimation of precision
and replicability (Ventura-Leon & Pefia-Calero, 2020; Xiao & Hau, 2022).

The studies as a whole have grouped four main limitations, the first related to the sample
size, because they did not reach the expected representativeness for the measurement or
confirmation of the models, as well as the calculation of non-probability or convenience sampling.
These results are related to the information raised by Andrade (2021) and Jager et al. (2017)
because the absence of a sampling calculation process generates biases and these may not be
representative of the target population.

The exploration of the documents for the systematization has presented several
limitations. First, it is very likely that not all the scales for measuring research competencies have
been included. However, in order to mitigate the risk, the selection of a broad database was
considered, without excluding language or even scope of application, so that a correct search and
selection process was considered. Next, the absence of a comprehensive normative evaluation
criterion for the inclusion of documents such as the COSMIN checklist (Mokkink et al., 2010)
was considered as a limitation. Another limitation was that systematization was not possible due
to lack of access to three relevant documents (Cater et al., 2016; Gess et al., 2019; Mallidou et al.,
2018) which reduced the number of documents. In addition, the properties of the scales that
measure attitude towards research (Barrios & Ulises, 2020; Gros et al., 2022; Howard & Michael,
2019; Roberts & Povee, 2014) necessary to address diverse contexts of higher education and to
broaden a greater picture of research competencies were not considered, since it is a predictor for
obtaining information or learning.
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Based on the results of the study, it is considered necessary to continue providing
information on psychometric properties in future studies in higher education. Validated scales can
be implemented in academic programs to assess and develop skills, this could contribute to the
improvement of the quality of higher education and prepare students more effectively for
research. Meanwhile, the grouping into five factors (competencies, skills, research methods and
ethics, reporting and presentation of results, and dissemination of research) could serve to design
a more complex instrument for applicability in concrete scenarios.

CONCLUSIONS

It was found that nine studies evaluated the psychometric properties of research competency
scales/questionnaires and four of these were designed and validated. The studies mainly come
from South America with 6922 participants. The scale that stood out the most with three studies
was the RCS, the content was validated by means of the CVI coefficient, Aiken's V, Fleis' Kappa
coefficient and Kendall's W. The construct was validated mainly by means of the EFA The
construct was validated mainly through the EFA and adequate fit indices obtained in the CFA
(CFI>.90; GFI>.95; TLI > .95, SRMR < .060 and RMSEA < .05). As for internal consistency,
Cronbach's Alpha coefficient was used for the most part, together with McDonald's Omega index,
ordinal Omega, Guttman and Spearman Brown. In this regard, the scales and questionnaires found
are very useful for the measurement of research competencies.
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