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ABSTRACT
Research training stands out as a means to develop generic competencies, potentiate lifelong 
learning (LL), and integrate initiatives for compliance with the 17 Sustainable Development 
Goals (SDGs), contributing to the development of a resilient society. Therefore, the constant 
promotion of a research culture within higher education institutions is an essential task for 
reducing the gap between scientific productivity and industry challenges and proposing 
solutions to real-life challenges. One of the main stages involved in any research process is 
the proposition of a methodological design: a detailed plan conceived and later developed to 
answer the research questions. Nevertheless, within the engineering context, even though a 
wide range of methodological designs are considered, these are not always explicitly stated in 
research papers, so at the undergraduate level there is an absence of more precise guidelines 
that allow a more concise orientation. Consequently, at this level, a challenge in research 
training is perceived. This provided a motivation: the development of a framework for the 
actors involved in research training at the engineering undergraduate level so that they 
can easily define the methodological design. In this context, the present research proposes 
a framework organized upon the two main phases of every research process: design and 
execution. The framework is expected to promote the proper use of research methodology 
among engineering students. Furthermore, the methodological design from 140 selected civil 
engineering papers from seven different knowledge fields is analyzed. Results show that 
94.29% of the papers did not explicitly present the methodological design. It was concluded 
that there is an absence of it within the engineering field. Thus, a methodological design 
framework proposal for engineering students was developed to overcome this situation.
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1	 INTRODUCTION

Within the higher education context, research stands out as a means to potentiate 
lifelong learning (LL), which is the core of competency-based curricula. Indeed, 
research experiences facilitate the development and reinforcement of generic 
competencies [1], while providing students with tools to manage new information 
upon critical sense and based on intellectual curiosity [2], [3]. Therefore, research has 
been embedded throughout the curriculum as part of the training process within a 
variety of professional fields [4], [5], as it provides tools that allow graduates to stay 
competent and competitive while contributing to the development of society [6], [7]. 
In fact, research is associated with the integration of initiatives for compliance with 
the 17 Sustainable Development Goals (SDG), in line with the new paradigm based 
on social responsibility [8], which is why research training has become a fundamen-
tal piece within higher education.

Research is a set of systematic, critical, and empirical processes that are applied 
to the study of a problem: conducting observations, proposing questions, examining 
sources of information, planning research, using and developing tools to collect 
information, analyzing and interpreting data, suggesting solutions and explana-
tions, and communicating results [4]. When approached from an international 
perspective, research allows universities to stay up-to-date upon their immersion 
in globalization and regionalization processes. International research networks, 
publications in high-impact indexed journals, and collaboration between inter-
national researchers, professors, and students are some examples of today’s uni-
versities’ focus to provide a wider visibility [9]. Certainly, increased attention has 
been given to the role of research within universities, as it is an essential indicator 
within higher education world rankings [10]. Therefore, research training becomes 
a key piece for the promotion of technological development and innovation within 
universities.

In this context, there is a need for articulating efforts between university and 
industry. This synergy plays a fundamental role for the advances in knowledge and 
the contribution to the consolidation of a resilient society through the development 
of innovative research that provides responsible solutions to the challenges of the 
environment [11]. In fact, in industrialized countries, knowledge is the most rele-
vant factor in the production of new goods and services [12]. This has transformed 
the knowledge creation and transfer activities into essential factors for ensuring 
a balance between economic growth, environmental care, and social well-being 
among nations [13]. Higher education institutions have the potential to impact 
society, industries, and markets, transferring their scientific-technological advances 
and increasing productivity based on innovation [14]. Thus, research training is 
a fundamental pillar for reducing the gap between scientific productivity and the 
challenges of the industry [15]. Often, research training is applied within an envi-
ronment of research culture, a context of interpersonal collaboration and encour-
agement where colleagues share affinity about the value of research [16]. In fact, 
research culture encompasses research experiences that prepare students for their 
professional lives [3].

Scientific productivity may be defined as the number of research papers a sci-
entist publishes in a certain time, the impact factor of the journals where they are 
published, and the number of citations of each paper [17]. Scientific productiv-
ity has annually increased worldwide by 4% since 2009 [18]. In the case of Latin 
America, this number reaches 3% between 2016 and 2020 [19]. The increase in 
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scientific productivity worldwide is relative to the graduate population, which, 
compared to 2000, has experienced considerable growth in countries such as China 
(589%), Turkey (236%), Taiwan (128%), and Germany (121%). Similarly, countries 
such as Canada, Mexico, South Korea, and the United States have experienced 50% 
growth [20].

Nevertheless, research experiences are also becoming progressively incorporated 
into undergraduate programs [4], [21], [22], [23], [24], [25] through research training, 
since undergraduate students may also offer intellectual or creative contribution to 
the discipline [26]. In fact, students face real-life challenges and propose solutions 
within the context of their profession [27], [28]. This promotes high-impact 
experiential learning [29] leading to a process of shared knowledge building [30].  
At this level, students are still active subjects in training, while the professors pro-
vide guidance as part of their teaching roles [31].

As for the case of engineering programs, graduates are expected to master certain 
theoretical and practical knowledge, as well as deploy generic competencies, such as 
communication, working with multidisciplinary teams, and problem solving [32], [33].  
These competencies can be developed precisely through the implementation of 
research experiences that allow research training. Research-based learning (RBL) 
appears as a learning methodology in which students become active inquirers, 
sharing experiences with staff, researchers, and professors through the application 
of strategies that link research with teaching [34]. RBL supports the development 
and reinforcement of generic competencies in students [1].

Every research experience should address the two main phases of every research 
process: design and execution. These phases imply carrying out activities such as 
conducting observations, proposing questions, formulating a problem, examining 
literature, planning research, developing and applying tools for collecting data, 
analyzing and interpreting information, suggesting solutions, and communicating 
results [4]. Among these, proposing a proper methodological design is considered 
an important aim among higher education students, as in the professional envi-
ronment this is translated to problem-solving skills through previously established 
tasks [35].

In fact, a clear, detailed, and consistent methodological design allows properly 
executing the research. Methodological design is the plan conceived and later 
developed to answer the research questions [36]. If the design is well conceived, 
the final product of the research will have a greater chance of being valid [37], 
as the development is properly defined. Furthermore, if clearly stated, it is possi-
ble to be applied in similar and further studies. A proper methodological design is 
required in order to increase the level of knowledge from previous results obtained 
by others, which includes identifying a problem and solution validation, as this 
will ensure replicability [38]. Moreover, methodological analysis can support 
research-training activities by identifying areas of improvement in the choice and 
use of methodologies [39].

Methodological design may be defined as a process that details the steps to be 
followed in order to conduct a research investigation [40]. It includes the approach, 
the purpose, and the design, which are expected to be found explicitly in reports. 
Methodological design should also explain why the researcher chose the issue; 
why the study was designed by the researcher in that way; why alternatives were 
rejected; what were the questions the researcher was asking; and how the researcher 
ensured that confidence could be felt in the data gathered and in their analysis of 
those data [41].
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Within the engineering context, even though researchers consider a wide 
range of methodological designs, most of them are neither explicitly nor properly 
reported [39]. In fact, methodological design was studied within a group of engi-
neering research papers to validate this affirmation. The lack of explicit method-
ological design within these papers provided a motivation: a framework proposal 
for engineering researchers so that they can easily define the methodological design. 
This framework is organized upon the two main phases of every research process: 
design and execution.

To achieve this goal, first, the terminology regarding the elements of methodological 
design is introduced. The key elements that should be present in every methodolog-
ical design within engineering research projects are identified. Second, the data 
regarding the analyzed engineering research papers from the selected databases are 
presented and classified. Thirdly, a framework is suggested as a recommendation on 
how to propose a research methodological design within the engineering field. The 
framework is expected to promote the proper use of research methodology among 
engineering students. Below, the following sections are developed: systematic 
review, methods, results and discussion, and conclusions.

2	 SYSTEMATIC REVIEW

For the use and development of the tools to gather data, every research project 
relies on a methodological design. Literature defines three pillars of methodological 
design: approach, purpose, and design, as illustrated in Figure 1. These determine 
activities and procedures that must be applied to answer the research questions [42].  
In this section, the three pillars of methodological design are addressed.

Fig. 1. Pillars of a methodological design: approach, purpose, and design

2.1	 Approach

The approach is the route for knowledge construction, so it answers to the 
nature of the questions that are formulated from the proposed research problem. 
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The approach must meet a set of postulates, rules, and standards for the study and 
the solution proposal of the research question. The approach itself will then depend 
on the object of study and the hypotheses to be tested [43]. The approach may be 
quantitative, qualitative, or mixed. In engineering, the three of them are supported 
by mathematics and statistics with the aim of detecting patterns that may allow 
drawing conclusions about the phenomena that are representative.

Quantitative approach: On one hand, in the quantitative approach, numerical 
measurements and statistical analysis are used as a basis to prove hypotheses and 
to solve the research question based on factual data. To achieve this, quantitative 
research implies the possibility to define and isolate study variables from which 
data is collected [44]. Based on positivism ideas, this approach relies on the premise 
that every research problem, even within the context of social sciences, must be 
measurable, as in natural sciences, looking for objectivity [37]. In fact, the word 
“quantitative” refers to numerical counting and mathematical methods [45]. For this 
approach, the literature review is the guide, as it permits establishing the problem, 
defining the theory, formulating the hypothesis, proposing a research methodological 
design, and the other processes involved in the research process.

Thus, the quantitative approach is deductive, from general to particular, and 
starts from a delimited idea based on previous research, which is derived to research 
questions and objectives [46]. It implies a sequential and probationary workflow, 
reviewing literature to establish relationships between variables. A plan, the meth-
odological design, is proposed to test these relationships upon measurements in a 
given context. Then, data is collected from a variety of standardized sources, such 
as surveys or experimentation. Statistical methods are used to process and analyze 
this data so that conclusions can be drawn based on the detected trends [47], [48]. 
Within the engineering field, quantitative research is conducted to identify how 
outcomes, such as mechanical failure, vary by manipulating a group of indicators: 
the variables [46].

Qualitative approach: On the other hand, in the qualitative approach, data 
collection and analysis are carried out to refine the research question or reveal new 
ones. The word “qualitative” refers to the nature, characteristics, and properties of 
phenomena [45]. This approach is based on the idea that, in addition to the description 
and measurement of variables, subjective meanings, perspectives, experiences, and 
understanding of the context in which the research problem occurs must be consid-
ered. Hence, it admits subjectivity. For this approach, the literature review provides 
a direction, but what mainly points to the route are the events during the study and 
the learning obtained from the participants, which allows adjusting progressively 
the research questions [37].

Therefore, this approach does not use numerical measurement. In fact, it is 
considered to be inductive, from the particular to the general, and flexible, as it 
is substantiated on its own, and questions and hypotheses are formulated before, 
during, or after the data collection and analysis. These activities serve, first, to 
discover the most important research questions and then to adjust and answer them 
within the interpretation process. Consequently, the research process is dynamic, as 
the sequence is not always the same, depending on the specific study [49]. Within 
the engineering field, qualitative research may be used to study the instructional 
interventions [50].

Mixed-method approach: Finally, the mixed-method research relies on both 
the quantitative and qualitative approaches. Therefore, quantitative and qualitative 
data are collected concurrently or sequentially within a single study, and they are 
integrated at some stages within the process of research. Lately, studies rely, every time  
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more often, on this approach, as it combines the virtues of quantitative and qualita-
tive research [45].

2.2	 Purpose

The purpose, sometimes identified as the scope, determines the research strategy 
to be used within the investigative process for the data collection. According to 
literature, there are four major purposes: exploratory, descriptive, correlational, and 
explanatory [37]. The purpose should not be considered as a type of research since 
they constitute a continuum of “causality” that a study may have.

Exploratory: Exploratory research is used when the objective is to examine a 
novel topic. Exploratory studies allow obtaining information about the possibility of 
carrying out more complete research regarding a particular context, investigating 
new problems, identifying variables, establishing priorities for future research, or 
suggesting affirmations. They imply becoming familiar with relatively unknown 
phenomena so that concepts, the variables, and potential relations between them 
may be identified [51].

Therefore, in the case of engineering, it is expected that this type of research will 
allow researchers, professors, and students to arouse interest in further research 
on a specific topic, as what is already known about a study object is inquired about. 
Some further examples are: development of a methodology for the detection of 
cracks in concrete structures through ultrasound and artificial intelligence; study 
of professors’ perceptions upon undergraduate research within a civil engineering 
program; or implementation of an atmospheric model to determine rainfall on a 
specific terrain.

Descriptive: Descriptive research is used to search for properties, profiles, and 
characteristics of the studied phenomena. It looks for tendencies in a universe, so 
it implies the measurement of one or more qualitative and quantitative attributes 
through various tools, from observation to checking already known patterns [37]. 
Thus, in this kind of study, the researcher must be able to define what will be 
measured, the variables, and on what or who the data will be collected. Each vari-
able is measured independently from the others with the purpose of elaborat-
ing a precise description. Descriptive research relies on descriptive statistics for 
analysis [52].

Within engineering, descriptive research seeks to bring researchers, profes-
sors, and students closer to applied studies so that they can conclude from what 
is found by variables whose behavior has already been studied by literature. An 
example may be the creation of a new dataset of paved and unpaved roads in 
high-resolution aerial imagery, the development of a numerical simulation of 
extended plate steel connections subjected to bending and axial forces, or the 
thermo-mechanical characterization of embankment material incorporating blast 
furnace slag.

Correlational: Correlational research aims to determine the existing or none 
relationship between two or more variables and the degree or intensity of this 
interrelation. This relationship may be positive or negative. Thus, these studies 
associate variables with the purpose of predicting patterns, so each of them must 
be first measured independently. The main utility of correlational studies is to find 
out how a variable will act when knowing the behavior of other linked variables. 
Correlational research relies on inferential statistics for analysis [53].
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In engineering, this could be exemplified with the relationship between the type 
of cement in a concrete mixture and its mechanical properties. Some examples are: 
addition of polypropylene and steel fibers to determine the variation in concrete’s 
resistance to traction forces; analysis of the structural performance of a reinforced 
concrete frame with an SLB seismic energy dissipator subjected to a monotonic 
lateral load; or study of the variation in seismic response of embankments reinforced 
with polypropylene fibers founded on soft soils.

Explanatory: Explanatory research, also known as causal research, looks for 
the causes of the events or phenomena that are studied. Thus, its purpose is to 
find an explanation for which it establishes the nature of the relationship between 
the phenomena, the dependent variable, and one or more independent variables. 
It implies the control of the variables, from the theoretical framework to the final 
conclusions of the work. However, it is intended that this control represents the 
natural environment in which phenomena occur. These studies are more struc-
tured and imply the above-mentioned purposes since they rely on exploration, 
description, and correlation processes. Therefore, they rely on inferential statistics 
for analysis [51].

In engineering, this may be a study about why the implementation of a new 
management methodology could benefit a construction project or an investiga-
tion to explain the reasons for a professional competencies’ gap among a group of 
engineering students and the labor market.

2.3	 Design

The design, also identified as research strategy, is the proposed plan to gather the 
data for the research [54]. It implies procedures and activities to answer the research 
questions. The design answers to the research approach. Therefore, the existing 
designs are not the same for quantitative or qualitative research [37]. On one hand, 
quantitative research may have an experimental or non-experimental design [55].

Experimental design: Experimental studies are those where one or more 
independent variables (causes) are intentionally manipulated to analyze the 
consequences of such manipulation on one or more dependent variables (effects). 
This manipulation occurs within a controlled environment [56]. According to this 
environment, experimental studies may be laboratory or field experiments. In lab-
oratory studies, the effect of all or nearly all influential independent variables, not 
relevant to the research problem, is controlled. Furthermore, laboratory studies 
are often experiments, and their advantages involve control in the design, setting, 
researcher, participants, and measurement [57]. In field studies, the experiment 
takes place in a real situation, so the researcher can only manipulate some of 
the variables [37]. Additionally, field studies allow researchers to understand the 
problems encountered in practice and come up with solutions that can be turned 
into action [58].

Furthermore, the experimental design involves working with two groups: 
experimental and control. The first one receives the stimuli, and the second one 
does not, in order to compare the obtained results [59]. It may be characterized 
as pre-experimental, true experiment, or quasi-experimental. Pre-experimental is 
a single-group design with minimal degree of control, as the group is kept under 
observation after implementing factors of cause and effect. True experimental is a 
double-group design with random distribution and manipulation of the independent 
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variable to compare the groups and establish a cause-effect relationship. Quasi-
experimental is almost like the true experimental, but the group participants are not 
randomly assigned [60], [61].

Therefore, a pre-experimental design may study the practical implementation 
of real pre-stressed two-layer reinforced concrete beams using high-strength steel 
fibered concrete [62]. A true experiment design may involve analyzing the effect 
of adding microfibers randomly to concrete samples to test the variations on the 
mechanical properties of the specimens. A quasi-experimental design may compare 
the effects produced on learning between two groups by the introduction or not of 
new software to teach Building Information Modeling (BIM) to students.

Non-experimental design: Non-experimental studies are carried out with-
out deliberate variable manipulation, so phenomena are only observed in their 
natural environment for analysis. A non-experimental design can be cross- 
sectional or transversal. In cross-sectional studies, data are collected at a single 
point in time; in transversal or longitudinal studies, data are collected at different 
points in time to make inferences about the evolution of the research problem 
and its causes and effects [63], [64], [65]. For example, a cross-sectional study may 
determine the principal research topics in environmental science and engineer-
ing during a particular year [66], and a transversal study may determine a soft-
ware process improvement effort over time and the factors associated with this 
process [67].

On the other hand, qualitative research may have a grounded theory, ethnographic, 
phenomenological, narrative, or action research design [55]. However, it should 
be noted that every qualitative research is unique, as each study depends on the 
conditions of each particular context [68].

Grounded theory: Grounded theory studies are focused on developing an 
explanation about a phenomenon that is applied to a specific context and from 
the perspective of various participants. For this explanation, theoretical variables 
or categories are defined from the data, which are collected until saturation. Data 
saturation describes a situation where data tends to repeat or where data no longer 
offers new directions to raise original research questions. Therefore, this type of 
study is both a design and a product [44]. In engineering, this may be the develop-
ment of a theory regarding the user’s perspective about the application of a new 
material in buildings.

Ethnographic research: Ethnographic studies describe what people from a 
particular context usually do, as well as the meanings that they give to that behavior. 
Data are gathered mainly through direct observation. In fact, participants in “action” 
are analyzed, and results are presented to understand them and their associated 
practices. Thus, this design seeks to interpret ideas, beliefs, meanings, and practices 
present in a specific social system. In engineering, ethnographic research is used 
every day in the practical development of technology, specifically in the context of 
user experience design [69].

Phenomenological research: Phenomenological studies describe phenomena 
as consciously experienced by people in the real world to uncover the common ele-
ments of such experiences. Similarly, narrative research focuses on understanding 
the succession of facts, situations, phenomena, processes, and events where thoughts, 
feelings, emotions, and interactions are involved through the experiences recounted 
by those who experienced them. Stories are reconstructed, resulting in categories 
that are built together to assemble an overarching story. Consequently, data are 
gathered through direct observation, interviews, and focus groups. In engineering, 
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phenomenological research may be applied to examine professional conduct from 
an ethics perspective [70].

Action research: Action research studies seek to comprehend and solve prob-
lems from a particular community in a specific context. They are based on generating 
a change, which needs to be fully incorporated into the research process. The inves-
tigation takes place simultaneously with the intervention, so that knowledge is gen-
erated and applied at the same time. Data are collected from the members of the 
universe from which the study focuses, and participants can serve as co-researchers 
since they need to constantly interact with the data. In engineering, for example, 
within the education field, action research may involve professors making systematic 
and documented improvements within the classroom environment [46].

3	 METHODS

In this section, the context of the present study is described. The data collection 
and data analysis techniques and tools are also addressed.

3.1	 Context

The context of the present study is the research process. According to [71], there 
are multiple tasks and descriptions referred to by literature that should be devel-
oped along this process. These tasks, although not always linear, are sequential, so 
they may also be understood as phases. In fact, every research proposal should start 
with a purpose, which encompasses questions to be answered, objectives to reach 
this goal, a methodological design describing how, and the data will be gathered 
and analyzed. During this phase, practical aspects should also be considered, such 
as the resources’ availability and the proposal’s feasibility. Later, the methodolog-
ical design is executed so that the research questions may be answered and the 
objectives achieved [71].

Thus, three subprocesses may be identified: one conceptual design, which 
includes the research challenge that needs to be addressed; two methodological 
design, the detailed strategy description to solve the research challenge; and three 
development, the implementation and attainment of the proposed strategy. Figure 2  
shows a schematic diagram outlining the general guidelines for designing and devel-
oping a research process.

Furthermore, these three subprocesses respond to the R+D+i+e (Research, Design, 
Innovation, and Entrepreneurship) system, which has become indispensable for 
designing effective higher education and public policies [72]. According to R+D+i+e, 
systems at the university level revolve around four central activities: basic research, 
applied research, knowledge protection, and technological transfer. Depending on 
the nature and type of knowledge generated, its protection forms and transfer to 
society may vary. For example, knowledge may be protected through scientific pub-
lication or patent, while technological transfer may occur through startups or the 
sale of technologies.

Within this study, the methodological design, which is part of the design phase, 
as depicted in Figure 2, is analyzed because it has been noticed that researchers 
within the engineering field do not explicitly state this in papers.
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Fig. 2. General guidelines for designing and developing a research process

3.2	 Data collection and validity of results

For this study, 140 research papers published in scientific journals, indexed on 
the Scopus database. The inclusion criteria for the selected papers were: publica-
tion date and study area; quartile (Q); and H-index from the journal in which it 
was published. These criteria were validated in SCImago Journal & Country Rank 
(SJR). SJR calculates journal indicators, which are developed from the information 
contained in the Scopus database. It is a public online portal that classifies journals 
and countries according to scientific indicators that measure their impact [73].

The Q reflects the demand for the journal by the scientific community, as these 
are ranked from the highest impact factor to the lowest and then divided [74]. The 
H-index is the number of the sequence of papers that some citations are equal to or are 
greater than the rank of the sequence. This indicator measures the productivity and 
citation impact of the publications [75].

About the publication date, papers published in engineering journals from 2016 
to 2022 were considered. Editorials, introductions to special issues, letters to the 
editor, columns, and short papers were not included. About the study area, seven 
knowledge fields within civil engineering were defined: structures, transport and 
geotechnics, engineering sciences, project management, construction, hydraulics, 
and engineering education. The sample implied analyzing 20 research papers for 
each of the defined areas. Furthermore, only journals from Q1 or Q2 with H-index 
no lower than 25 were studied. Q rank the journals from the highest to the lowest 
according to their impact factor, so this implies that only the top 25% in the list (Q1) 
and the 25 to 50% (Q2) journal groups were examined.

Thus, the Scopus database was used for the journals’ search. Additionally, Web 
of Science (WoS), a collection of bibliographic reference databases and information 
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analysis resources, was also revised to ensure the selected journals were also 
indexed by it. To filter the information from the research papers obtained in the 
journals, keywords were used as search criteria in the Scopus database, as seen 
in Table 1. From the obtained universe, 140 research papers were taken, chosen 
randomly per knowledge area in the years considered (2016–2022) within the civil 
engineering field.

Table 1. Selected keywords used as search criteria in the Scopus database

Knowledge Field Keywords Results (N) Representativeness (%)

Structures structures, structural design, civil 
engineering, engineering

818 2.44%

Transport and
geotechnics

transportation, civil engineering 1,513 1.32%

geotechnics 1,065 1.88%

Engineering sciences civil engineering, sciences 1,365 1.47%

Project
management

project management, engineering 11,358 0.18%

Construction construction, construction industry, 
civil engineering

1,732 1.15%

Hydraulics hydraulics, engineering 6,850 0.29%

Engineering education civil engineering, education 5,462 0.37%

For this analysis, civil engineering was chosen, as it is one of the most traditional 
fields of engineering and among those with the highest volume of papers in journals 
indexed in the Scopus database. Moreover, civil engineering plays a pivotal role in shap-
ing economic models worldwide, given its involvement in industries such as energy and 
infrastructure, among others. While the focus of this analysis lies on civil engineering 
research proposals, this study aims to be a reference case that can be replicated across 
various engineering disciplines. The objective is to test the hypothesis proposed herein: 
the recurrent absence of an explicit methodological design in engineering papers.

Table 2 shows the summary of the papers indexed in the Scopus database from 
2016 to 2022, within the fields of civil and structural engineering, amounting to 
624,528. Consequently, a sample size of 140 articles was determined for this study, 
with a margin of error of 8.3% and a confidence interval of 95%.

Table 2. Papers in civil and structural engineering from the Scopus database

Year Total per Year

2016 60,445

2018 60,311

2018 68,581

2019 81,316

2020 76,939

2021 87,253

2022 92,233

Source: SCImago Journal & Country Rank (SJR).
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From the selected papers, a co-occurrence analysis was made using the biblio-
metric software VOS viewer. Links between the key words of the analyzed papers 
were generated considering the number of times they appeared in the group of 
papers [76], as shown in Figure 3. This pattern allowed the identification of the most 
used terms in the selected papers related to civil engineering.

Fig. 3. Co-occurrence of keywords in analyzed papers

The study was developed in three stages: a systematic review was carried out to 
determine the pillars of methodological design; a documental analysis about engi-
neering research papers within its knowledge fields was developed; and a frame-
work was proposed, unraveling the worldwide methodological statements defined 
by literature and articulating them to the engineering field. This framework is meant 
as a tool for the orientation of engineering students and for the proposal of their 
own methodological designs within the context of their research projects.

3.3	 Data analysis

For the analysis of the collected data, the three pillars of a methodological design 
were considered: approach, purpose, and design, as depicted in Figure 1. These were 
identified within the research papers from the sample. This information was prop-
erly processed using Microsoft Excel. The values and evidence recorded were stored 
for analysis [37].

As for the analysis, a workflow was established, as shown in Figure 4. First, the 
general data of each paper was recorded: title, authors, and year of publication. 
Later, the information regarding the journal in which each paper was published 
was checked in SJR: journal’s name, Q, H-index, and impact factor. Finally, it was 
determined if each of the pillars of methodological design appeared in an explicit or 
an implicit way throughout the paper. For the ones that got this information explicit, 
the data was transcribed. For the ones that did not, it was deducted from the data 
found throughout the paper. The classification was based on analyzing the entire 
paper, not only certain parts, such as the abstract, keywords, or a specific section. 
The decisions about the missing pillars were made based on the discussions and 
final agreement among the researchers.
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Fig. 4. Workflow for the collected data and its analysis

Additionally, data collection and data analysis strategies were also studied. Even 
though they are in principle independent of each other, some research paradigms 
tend to use certain methods for data collection and analysis [37]. Data collection 
lists the techniques that have been used in the research: laboratory tests, field tests, 
observation, questionnaires, interviews, and software data logs [39]. Data analysis 
details the way in which the collected data has been processed and analyzed.

4	 RESULTS AND DISCUSSION

The following section is organized into two subsections. The first one describes 
and discusses the results from the research papers’ analysis. The second section 
details the proposed framework on how to propose a research methodological 
design within the engineering field.

4.1	 Research papers’ analysis

In this section, the results from the analysis of the 140 research papers are 
presented. First, the results regarding the three pillars of a methodological design 
are addressed. Later, this data is segmented by years and knowledge fields. Finally, 
the analysis deepens on the specific approaches, purposes, and designs.

Figure 5 reveals the results from the analysis of the pillars of methodological design: 
approach, purpose, and design. Following the workflow designed for this research, 
it was determined if they appeared in an explicit or an implicit way throughout the 
paper. About the approach, in 78.57% of the analyzed research papers, it must be 
inferred by the readers, as only 21.43% explicitly address it. Moreover, regarding the 
purpose, 64.29% do not declare it explicitly, and only 35.71% do. Similarly, 67.86% 
do not report the design throughout the paper, and only 32.14% do. This absence 
may be related to the fact that research methods are so familiar to researchers with 
backgrounds from engineering or natural sciences [77].

Moreover, after identifying the pillars of methodological design in the 140 
analyzed research papers, only eight presented the three of them, which represents 
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5.71% of the sample. Furthermore, 47 papers, which represents 33.57% of the 
sample, do not explicitly state the objectives of the present research. These results 
support the findings from the studies conducted by [39].

Fig. 5. General report of the pillars of methodological design—approach, purpose,  
and design—within the analyzed sample

Furthermore, when analyzing this data through the years, it can be observed 
that there is a growth upon the report of the pillars of methodological design, as 
shown on Figure 6. In fact, in 2016, only three papers report the design, one report 
the purpose, and none reports the approach. However, in 2021, 15 papers indicate 
the design; 16 papers, the purpose; and 10 papers, the approach. This tendency 
may be understood by considering the importance of scientific productivity among 
researchers [78]. A researcher’s scientific productivity may increase as a result of 
an increase in the citations, which, at the same time, has a greater probability of 
growing if the study has replicability [79].

Fig. 6. Report of the pillars of methodological design segmented by years within  
the analyzed sample
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Regarding the engineering knowledge fields, engineering education stands out as 
the one with more cases of explicit methodological design, as exhibited in Figure 7.  
In fact, 75% of the analyzed papers report the approach; 45%, the purpose; and 50%, 
the design. This may be due to the fact that engineering education as a research field 
is gradually building its own profile, drawing on research paradigms from natural, 
engineering, and social sciences [39]. Therefore, this field may collect the best research 
practices among these sciences. About the remaining knowledge fields, the reports 
of the pillars of methodological design vary from 0 to 30% regarding the approach, 
from 25 to 40% regarding the purpose, and from 20 to 35% regarding the design.

Fig. 7. Report of the pillars of methodological design segmented by knowledge  
field within the analyzed sample

About the approach, the most repeated in the sample is quantitative with 57%, 
as shown in Figure 8, followed by qualitative with 30%, and mixed with 13%. This 
may be explained considering that much of engineering studies are supported by 
numerical measurements and statistical analysis to prove hypotheses [44].

Fig. 8. Approaches found within the analyzed sample

About the purpose, descriptive research is the most repeated in the sample, as 
exhibited in Figure 9. In fact, 44% followed this purpose, while 35% followed an 
exploratory purpose, 11% a correlational purpose, and 10% an explanatory one. 
This diversity aligns with the examples in the Systematic Review section of the 
present research.
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Fig. 9. Purposes found within the analyzed sample

About the design, within the sample, action research is the most featured with 45%,  
as illustrated in Figure 10. Action research is associated with the demonstration and 
evaluation of the feasibility of a proposed idea, such as the implementation of a technol-
ogy, software, teaching approach, or evaluation instrument [39]. This research design 
is particularly common in the construction, engineering sciences, hydraulics, and 
engineering education knowledge fields. Experimental research follows, with 41%.  
Non-experimental research is less common, with 9% within the sample. Finally, 
grounded theory, ethnographic, and phenomenological research are the least common.

Fig. 10. Designs found within the analyzed sample

4.2	 Framework proposal

The analysis of the results confirms the study hypothesis: most of the analyzed 
research papers corresponding to the engineering field lack an explicit methodological 
design. This statement can be supported by observing Figure 5, which reveals their 
approach, purpose, and design. Given the evident lack of an explicit methodological 
design within the sample and its relevance to the understanding of research,  
a framework was elaborated, expecting it may help the engineering students develop 
consistent research projects.

The framework is based on the literature review, which describes the pillars of meth-
odological design, and is enriched with the data obtained from the sample. It follows 
the entire research process, as exposed in Figure 11. It also implies five phases, starting 
with the preliminary conceptual design and ending with the selection of data collec-
tion techniques and tools. The purpose is defined within phase I; the approach, within 
phase II; and the design, within phase III. These pillars allow decision-making upon the 
sample and data collection techniques and tools, which correspond to phases IV and V.
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Fig. 11. Framework proposal for research methodological design process
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5	 CONCLUSIONS

The present research aimed to propose a framework for the identification, 
conceptualization, and proposal of a structured methodological design within 
research training exercises developed at engineering programs. It is expected to 
promote the proper use of research methodology among engineering students. 
This framework is organized upon the two main phases of every research process: 
design and execution. The objective of the study was motivated by the findings 
obtained from the analysis of a sample of engineering research papers: the lack of 
explicit methodological design. It was concluded that there is an apparent absence of 
it within the engineering field. Thus, it is also expected that the framework may help 
the community to unravel the methodological design among engineering papers 
that do not declare it.

In fact, from the analyzed 140 civil engineering research papers from the Scopus 
database-indexed journals, 94.29% did not explicitly present the methodological 
design. Thus, it must be inferred by the readers. From the 5.71% that stated it, 
engineering education stands out as the knowledge field with more explicit reports. 
In fact, 75% of the analyzed papers report the approach; 45%, the purpose; and 50%, 
the design. It is expected that this research practice may be replicated in the other 
engineering knowledge fields in the coming years.

Based on the obtained results from the analysis, it can be said the lack of an 
explicit methodological design in papers within engineering indexed journals 
could be associated with the inherent nature of this knowledge field, which faces 
the arising challenges posed by society’s requirements and needs, according to the 
resources available. Therefore, during the development of research, the design 
execution may be subject to modifications based on the environment and available 
resources. Thus, researchers must rely on their ingenuity to overcome obstacles.  
In fact, ingenuity aligns with the etymology of the word “engineering,” stemming 
from the Latin ingenium.

This analysis also aims to encourage research training actors to determine the 
level and scope of research so that a methodological design that meets the needs 
of the research is proposed. At the same time, the methodological design pro-
posal for those who are now at the research training stage aims to contribute with 
structured lifelong learning research methods within their training. In any case, 
there is little concern within the engineering field about the formal presentation 
of research methodological design in indexed publications. However, as Figure 6 
reveals, it should be noted that this is changing, as the trends through the years 
show an increase in the report of the methodological design. In this line, researchers 
should consider that a proper methodological design provides an added value to the 
research, as it ensures its replicability and consistency, which is an aspect evaluated 
among indexed journals when submitting a paper.

Nevertheless, given the importance of methodological design to allow the synergy 
within the R+D+i+e model and with it ensure the progress of science, technology, 
and knowledge, it is expected that an improvement will show up. In this line, future 
works may continue the follow-up of this process for transversal research. It should 
also be necessary to study Q3 and Q4 indexed journals, as only Q1 and Q2 journals 
were analyzed with no significant differences found. Journals with an H-index 
lower than 25 may also be studied to compare the obtained results. Additionally, 
other engineering fields, rather than civil, may also carry on similar studies with 
their particular knowledge fields.
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The upgrades regarding the explicit statement of methodological design may 
also be supported by increasing requirements by the top-ranked journals, as results 
revealed major methodological rigor among Q1 and higher H-index journals. 
Consequently, it is likely that methodological design will be progressively taken into 
consideration by engineering researchers, which justifies the relevance of the pre-
sented study. Finally, it is expected that this research should serve as an information 
source for the engineering community who are eager to appropriately present their 
methodological design, to facilitate its adoption, and to promote its adequate use 
through the application of the proposed framework.

For future studies, it is suggested to review the relationship between the inclusion 
of research methodology content within the engineering curricula and the formal 
presentation of methodological design in the final documents published as theses 
and the possible papers derived from them to be published in indexed journals.
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