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Introduction

Typical undergraduate engineering students demonstrate some level of research proficiency
as they were involved in developing assignments, reporting on experiments, and writing
technical and group project reports. However, when this group of students progresses to
higher academic degrees, their outputs do not prove that they have substantial knowledge of
the different types of research methods, research approaches and the ability to execute
standard research. Therefore, relying on the assumption that these students have knowledge
of research, providing generic information and lectures on research methods, without
adequate hands-on sessions in the development of the different components of a research
document usually makes supervision of graduate students difficult and time consuming.

The disconnect in the research proficiency of graduate engineering students can be summed
up in the postulation of Hakansson (2013). He states that the majority of students embark on
the research exercise before considering the research method and try to shape the work,
after it has been carried out, to fit into any method. Some students may also adopt methods
that do not suit their research and many students do not consider validity, reliability and
replicability of their research effort or the consequences of the chosen research method on
the research outcome (Hakansson, 2013). It is imperative, therefore, to guide the students to
develop research strategies suitable for the different research methods to be able to execute
a research exercise which produces correct, valid and reliable results. The panacea to this
deficiency requires a two-pronged approach namely choosing a suitable research strategy
and producing a coherent research report.

The emphasis at master’s degree level is not on the need to develop a research protocol or
the blue print of the step by step approach to be adopted in the execution of a typical
research exercise. Nevertheless, master’s degree students should be schooled in the act of
relating the research strategy to the various components of the research exercise. This will
enable them to know, from the onset that “the choice of research method must be driven by
the research questions” (Borrego et al., 2009, p. 53). The research strategy should be the
envelope containing the research method(s) and instruments used at the different stages of
the research exercise (Hakansson, 2013). It is one thing to execute a credible research
exercise, another crucial step is to produce a readable document. Proficiency in
documentation is a skill to be learnt. The research document should provide a seamless
narrative from the beginning to the end of the research document. The documentation of the
process of data collection, analysis and synthesis of the result enables other researchers to
replicate the process of the current research exercise (Borrego et al., 2009; Rogers &
Goktas, 2010; Hakansson, 2013).

In order to improve the research proficiency of our engineering management master’s degree
students, two faculty members developed a three-step integrated strategy. The steps are:
comprehensive comments on the output of each student in each component (chapter) of the
dissertation; effective communication with each student, or group through email, telephone,
other media (especially skype and WhatsApp) and face to face interactions; assisting
students with relevant literature, educating them on how to search for suitable academic
materials and how to extract useful information from literature. This paper reports on the
progress being made on the implementation of this strategy by comparing the research
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proficiencies of two groups of masters’ degree students before and during the
implementation of the strategy.

Literature review

A literature review provides the platform for current researchers to benefit from the efforts of
previous research, in terms of models and methodologies to support new endeavours. The
literature reviewed here provides general information on how substantial knowledge in
research methods and strategies enhances proficiency in research.

a. Research methods

The majority of research by undergraduate and master’s degree students in engineering
centres around experiments and design, with few adopting the general principles of
quantitative, qualitative or mixed methods approaches. Borrego et al. (2009, p. 53) observed
that “given the wide variety of issues still to be explored within engineering education, we
expect that quantitative, qualitative, and mixed approaches will be essential in the future. We
encourage readers to further investigate alternative research methods”. However, the choice
of research method(s) should be driven by the research aim, objectives and the research
question(s) (Borrego et al., 2009; Hakansson, 2013; Yin, 2014). In the research of
Hakansson (2013), the section on ‘portal of research methods and methodologies’ provides a
broad classification of the different research approaches, which can be used for classic
quantitative or qualitative research, and others that could be employed on either side of the
divide. The author suggests that a detailed research framework should be developed before
embarking on any research exercise. The demand for a research framework is not a strict
requirement at undergraduate and master’s degree level, as much as it is expected at
doctoral levels of study. A typical research framework suggests that the researcher should
understand the basic philosophy and assumptions behind any research method.

Beside the exclusive quantitative and qualitative research methods, the mixed method,
commonly referred to as “the third methodological movement” (Borrego et al., 2009, p. 57), is
gaining prominence in general research as well as in engineering studies (Abowitz and
Toole, 2009; Maxwell, 2016). Heeding the appeal of Borrego et al. (2009), that researchers
should explore alternative research methods, the Delphi technique is assuming centre stage
in engineering and the built environment research (Hallowell & Gambatese, 2010; Musonda
& Pretorius, 2015; Alaloul et al., 2015). The Delphi technique is a hybrid research method
that combines the qualitative and quantitative methodologies in one research exercise
(Sekayi & Kennedy, 2017). The method can be used as a stand-alone tool or in combination
with other tools. The strength or reliability of the technique centres on the quality of the
participants, known as experts or panel of knowledgeable persons in the research area (Day
& Bobeva, 2005). The participants are ‘purposively’ selected, not limited by geographical
location and they can be few in number or as many as possible (Hasson & Keeney, 2011).
The process goes through the repetitive cycles of the data collection, which may lead to high
attrition rate (Day & Bobeva, 2005; Alaloul et al., 2015). It is imperative, therefore, to recruit a
high number of participants at the beginning of the exercise in order to manage the negative
effects of possible attrition (Donohoe & Needham, 2009). The factors influencing the
reliability of the Delphi process includes ensuring the anonymity of participants’ contributions
and that the results are refined in every cycle of data collection. Intrinsically, unless the
graduate engineering student is guided in the art and science of research method, they will
remain deficient in the organisation of the research exercise, documentation and its coherent
presentation (Hakansson, 2013).

As at 2009, the University of Puerto Rico-Mayagtiez Campus (UPRM) offers 41 master’s
programmes in four colleges of the university, including 8 in engineering (Ayala-Gonzalez, et
al., 2019). The master’s programs of the institution were faced with the twin problems of
decline in enrollment and proficiency in research (Quarterman, 2008; Ayala-Gonzalez, et al.,
2019). Initial search for the factors responsible for the decline in research proficiency
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identified a need for assistance with technical writing, communication skills, search
strategies, research integrity, data management, research organization, and conducive
space where teaching and research services coincided. In 2016, the Office of Graduate
Studies (OGS) established the Graduate Research and Innovation Center (GRIC). The
services rendered in the GRIC provides personalized set of services, aligned to the research
lifecycle, such as scholarly communication, technical writing for graduate engineering
students, library resources, and research data management (Crede and Borrego, 2012;
Ayala-Gonzalez, et al., 2019). Since communication skills in English are fundamental in
graduate research, especially for English as Second Language students (Macchiavelli, et al.,
2014), the GRIC has also integrated peer-to-peer support, with a team of Graduate Writing
Facilitators (GWF) (Ayala-Gonzalez, et al., 2019). Similar to what Beres and Woloshyn,
(2017) did for graduate Chinese students, studying for education degree in Canada, by
integrating formal learning in research method with small group sessions (Crede and
Borrego, 2012). The GWF’s are a team of three graduate students with diverse
multidisciplinary backgrounds (Engineering, Science, and English), trained to offer academic
services in oral and written communication in English to meet the needs of all our graduate
programmes. Thus, improving the skills of the students in English grammar and style, tone
and audience, visual design, transition and clarity, and oral presentations in general, as well
as draft outlines for papers, polishing journal articles and thesis chapters. GWF service
satisfaction surveys show that 54% of participating students belong to Engineering graduate
programs (Ayala-Gonzalez, et al., 2019, p. 10).

b. Proficiency in research exercise

Research proficiency ought to progress continuously from undergraduate level up the ladder
to doctorate studies, extending to professional practice or academic development. The level
of proficiency should increase in depth, content and flow as the researcher progresses from
one level to another. This progress requires the combination of hands-on exercises,
consistent mentoring and the personal development of the researcher. There is a standard
curriculum in the study of research methods on the undergraduate and graduate levels,
which provides broad information on the use of the various research tools. Unfortunately, in
the majority of situations, the classroom information on research methods is not
complemented with adequate hands-on exercises, leaving the students ill prepared to
conduct in-depth and independent research as is required at postgraduate level (Rogers &
Goktas, 2010). In the detailed research of Rogers and Goktas, who sought to explore the
proficiency of graduate engineering students in research, the authors focused their attention
on three areas, namely “academic preparation to perform research, organisation in
performing research and research progress” (2010, p. 264). The work of the duo
corroborates earlier research efforts on the level of preparedness of graduate engineering
students for research, observing that course work teaching in research methods, does not
prepare engineering students sufficiently for the actual conduct of research (Walker et al.,
2008). In addition, students who majored in civil engineering in their undergraduate studies
and students whose native language is not English were discovered to be less academically
prepared for the research work during their postgraduate studies. Chemical and
environmental engineering students showed a marginally better level of preparedness
(Rogers & Goktas, 2010). It is understandable why early career engineers may not be
proficient in the management of research methods. This is because the majority of research
conducted at this level is either experimental or design in nature and does not adopt the
general framework of quantitative or qualitative research, which usually requires the use of
extant knowledge of other subjects. Rogers and Goktas (2010) discovered that the deficiency
in statistics exposure was a major factor in the lack of preparedness of graduate students for
their research work as statistics is central to quantitative research methodology (Albers,
2017). The three other factors in which students were discovered to be poorly skilled were
“‘communicating in writing, critically analyzing information and arguments, and conducting
experiments” (Rogers & Goktas, 2010, p. 270). The writing skill of the students is critical in
producing a successful and readable research document. It facilitates the coordination of all
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relevant information, placing the narratives in systematic order to ensure a continuous flow of
information which makes sense to the reader (Rogers & Goktas, 2010). Similar to the skills
required in conducting and reporting experiments and design exercises in engineering,
students require skills in the collection, analysis and reporting of data while using other
research tools (Albers, 2017). The majority of master’s degree students experience
challenges in compiling the literature review, choosing a research method, completing data
collection and analysis and presenting the discussion on findings of their research work.

Generally, the lack of an appropriate skill set in the development and use of a research
strategy negatively affects the research preparedness of engineering graduate students in
the conduct of the research component of their studies. This lack of preparedness is obvious
in the organisation and performing of the research, making appropriate progress and
documentation of the research exercise. In order to address the areas of concern, Rogers
and Goktas (2010, p. 271), offered three solutions, summarised as follows:

a. Review curricular and extra-curricular activities with the aim of improving the
knowledge of students in statistics, written communication and others.

b. Faculty members should provide a concerted effort through mentoring to improve
the skills of time management and the general organisation of the research exercise.

c. Provide special attention to students with deficient backgrounds (in the authors’
scenario, students with civil engineering and non-English language speaking
backgrounds).

Similarly, Asplund and Grimheden (2019) suggested a re-orientation in the research training
for master’s degree students in engineering from ‘teaching-centred to student-centred, and
from research-related subject content to research-related processes. These suggestions
require contextual application in order to improve on the research proficiency of graduate
engineering students in any particular institution. This research adapted a synthesis of these
two suggestions.

Research method

The comparative method of qualitative research (Yin, 2014) was adopted in the study of the
research proficiency of some master’s degree students. The objective of the study was to
compare the impact of the current intervention on the improvement of the research
proficiency of the graduate students, and by extension, the rate of completion of their
master’s degree studies. As it is in tandem with engineering practice, new proposals are
usually tested in a pilot scheme before being implemented or being adopted for inclusion in
the modification of existing operations (Frishammar et al., 2014). Therefore, this pilot study
entails a comparison of the research proficiency of two groups of master’s degree students.
The population for this research, are the eight students in Group 1 and four students in
Group 2, allocated to the two faculty members for joint supervision.

The data collection tool was a semi-structured, open-ended questionnaire complemented
with selected interviews (Mclntosh & Morse, 2015). The principle of content analysis was
used to analyse the qualitative data based on responses from the students (Stemler, 2015;
Vaismoradi et al., 2016). The synthesis of their responses helped in identifying the root
causes and the factors responsible for the low research proficiency of the students in the first
group. Other questions in the survey were aimed at evaluating the impact of the introduced
strategies on the improvements on the research proficiency of the two groups. The findings
reveal that the intervention has resulted in a remarkable improvement on the research
proficiency of the students. This is seen in the quality of communication, rate of response
and the number of times they develop the different chapters of the dissertation component.
Details of the procedure, analysis and results are provided in the findings and discussion
section.
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Findings and discussion

This section provides information on the two groups of students used for this research. It
demonstrates how practical interventions have facilitated improvements in the research
preparedness and proficiency of graduate engineering students, comparable to the outcome
of the research efforts of Rogers and Goktas (2010).

a. Background to the study

The two groups of students, used for this research, completed the course work component of
the master’s degree in 2017 and 2018 respectively, before commencing the research
component of their studies. The students in both groups did not have any formal course work
training on research methods. Neither did they attend any of the research orientation classes
organised by the School before and during the execution of their research exercise. Due to
the difficulties experienced in supervising the Group 1 students, the supervisors adopted the
three-step integrated strategy in January 2019.

Eight and four students were allocated to the two faculty members for supervision, in the
2018 and 2019 academic sessions. Each student was expected to produce an acceptable
research proposal before commencing on the research exercise proper. The dissertation
(50% weight of a full master’s) document, at the end of the research, should typically be a
six-chapter document. In the case of the Group 1 students, some of the students went
straight ahead and produced a document containing the first four chapters of the dissertation.
These documents were basically in the form of lecture notes, copied from different source
materials. It took a long while to educate this group of students on how to develop one
chapter of the dissertation at a time. However, based on the observed lapses and the
struggle to guide the students in the first group, the supervisors adopted the three-step
integrated strategy. The strategy included detailed comments on the research output of each
student on each chapter of the dissertation document; effective communication, which
included the use of emails, telephone, other media (especially skype and WhatsApp) and
face to face interactions. The third component involved assisting the students with relevant
research materials, guiding them on how to source credible academic materials and how to
extract useful information from literature. These steps have been tested since January 2019
and the results are encouraging. Consequently, four and two students from Groups 1 and 2,
respectively have made remarkable improvements in their research efforts and
documentation.

b. Research preparedness and proficiency

The research preparedness and proficiency of the two groups of students can be seen in the
organisation of the research exercise, quality of communication and number of times they
developed the different components of the dissertation document, as shown in Table 1. The
table reflects the students’ response to one of the critical questions in the survey: How many
times have you written the following components of your dissertation before your supervisor
was satisfied?

Table 1: Test of research preparedness and proficiency

Research Component for master’s degree dissertation
Year Proposal Chapter | Chapter | Chapter | Chapter | Chapter | Chapter
completed one two three four five Six
course
work
Group
1
1 2017 4 3 3 4 11 3
2 2017 3 2 3 4 7 3
3 2017 3 3 4
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4 2017 3 3 3 4 5
5 2017 3

6 2017 2 (and not complete)

7 2018

8 2017

Group

2

1 2018 2 2 3
2 2018 4 2 2
3 2018 3

4 2018

At the end of 2018, Group 1 students were only able to progress up to Chapter 2 of the
dissertation document. This is because, it takes between four to six weeks for the student to
develop and turn in a chapter document, as well as another strenuous two weeks before the
supervisor can make sense out of the document. The reasons volunteered by the students
are: “They lacked understanding of what is required in each chapter and their inability to
follow the supervisors’ instruction”. Consequently, since the introduction of the integrated
strategy in January 2019, the students in the two groups have made significant progress.
This is in consonance with the improvements observed by Rogers and Goktas (2010) and
Asplund and Grimheden (2019), in their research. Comparatively, as at July 2019, Group 2
students have achieved what the Group 1 students had achieved in one year. Although the
students still had multiple repeats, there is evidence that they are learning from their failures
(Simpson et al., 2018).

The areas of major concern to students in Group 1 are Chapters 3-5. The first student in the
group used the quantitative research method, collected useful data and produced volumes of
tables and graphs as analysis, but was unable to relate the findings to the research
questions. According to Albers, (2017, p. 215), “The goal of data analysis is to reveal the
underlying patterns, trends, and relationships of a study’s contextual situation”. It took
several attempts, employing multiple steps in the strategy, to extract meaning out of the data
and the student is progressing to Chapter 6. The second student is using the mixed method.
He has collected rich data but had constraints in extracting meaning from the analysis of the
data. This problem is being resolved through the implementation of the strategy. Students
three and four are using the qualitative research approach. They collected qualitative data
but reported the results as quantitative data, which is a clear demonstration of research
deficiencies (Hakansson, 2013).

Through the systematic adoption and implementation of the intervention strategies, the
students in the two groups are making progress. After the successful completion of literature
review, the first two students in Group 2 are at the level of data collection. The rate at which
they turn in the document for each chapter is faster than their counterpart in group 1
9between two to three weeks and takes one week for supervisors’ response). They have
been schooled in the art of data collection, analysis and relating research strategy to the
various components of the research exercise. The first student is using the Delphi technique
— a hybrid method which integrates qualitative and quantitative research methods in one
exercise (Hasson & Keeney, 2011; Sekayi & Kennedy, 2017). He will validate the results with
a focus group session (Ogbeifun et al., 2016). The second student is using the multiple sites
case study method of qualitative research (Yin, 2014) and hopes to use the principle of
content analysis of qualitative data (Hsieh & Shannon, 2005) and triangulation to validate the
data (Turner et al., 2015). Armed with this knowledge, it is hoped that the students in Group
2 will be able to complete the challenging Chapters 3-5 with relative ease and in better time
than their counterparts in Group 1.

Proceedings of the AAEE2019 Conference Brisbane, Australia, Copyright © E Ogbeifun; JHC Pretorius, 2019.



Conclusion and recommendation

The enthusiasm displayed by graduate engineering students during the course work drops
significantly when they commence the research component of the study. The factors
responsible for this low morale can be traced to the interrelated factors of the deficiency in
research knowledge, development of suitable research strategy, relating research method(s),
data collection and analysis to the research aim, objectives and the research question. Other
factors include the lack of organisation in the conduct of the research and poor
documentation skills. These factors lead to frustration, high attrition, an increased burden on
supervisors and a reduction in the number of graduate students completing their studies.
Adequate schooling in the development and use of a suitable research strategy has the
potential of reducing the incidence of frustration, the high attrition rate of graduate students,
as well as the burden of supervision. These deficiencies can be ameliorated through the
inclusion of the concept of hands-on sessions in the teaching of research methods and
complemented by contextualised mentoring systems.

However, due to the present absence of formal training for graduate engineering students in
research methods and hands-on sessions, the supervisors in this research adopted the
three-step integrated strategy in order to assist the students to overcome their deficiencies.
The progress made by the students, notably, Group 2, has proven the strategy to be a
suitable approach to improving the research proficiency of graduate engineering students
and facilitating timely graduation. If the students in the two groups continue at the current
pace, it is possible that they will be able to participate in the faculty’s graduation event slated
for April 2020.

This research has demonstrated improvement in the research proficiency of graduate
engineering students where there was no prior evidence of training in research methods. The
improvement was achieved through the adoption of practical strategies. This research
recommends that further studies be done on the research proficiency of graduate
engineering students where there is evidence of training in research methods and hands-on
sessions, in order to validate the need for a curriculum or pedagogy review.
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