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Abstract

Background: Teaching and learning in a university setting are distinctive from other types of Higher
Education, due to its direct relationship with research. The increasing need to integrate teaching and
research in Higher Education has led academics to incorporate authentic research experiences in their
classes. This specific teaching-research nexus, labeled as Research-based learning (RBL) is
designed around inquiry activities stimulating students to engage in real-life research by conducting
their own experiments.

Purpose: There is gap in the literature when it comes to reviews that focus on RBL in Higher
Education, particularly with a focus on the Engineering and Science domain. In our literature review
analysis, we focus on: (1) students’ research skills as developed by the RBL context, (2) the nature of
Engineering and Science programs/courses that have adopted RBL approaches, (3) the impact of the
RBL approach on students, (4) the key research variables included and the research methods
used, (5) and the amount of time spent in RBL experiences.

Method: A systematic review of the literature was carried out, based on screening articles in the Web
of Science and adopting the following inclusion criteria: (1) peer-reviewed journal or proceeding
articles from 2000 to 2016 written in the English language, (2) related to RBL empirical work, (3)
focused on students as participants, (4) carried out in Engineering and Science class settings, (5) set
up in Higher Education contexts. Using the key search descriptors “research based learning”,
“research based”, and “teaching research nexus”, initially 2492 articles were identified but only 33 fully
met the criteria. To broaden the available dataset, we identified further other 17 additional articles
building on the reference lists of the selected studies. This increased the number of articles to be
analyzed to 50. Next, the articles were analyzed and synthesized following the above analysis
categories.

Conclusions: The study presented a first overview of the available literature in terms of RBL within
Engineering and Science fields in Higher Education. The 50 selected studies helped developing an in-
depth picture of the latest RBL developments. The results show Chemistry and Biology were the
dominant courses implementing RBL; usually in lab settings. The most emphasized research skills
were “analyzing data”, “conducting research” and “communicating results”. “Interest in research or the
subject” and “scientific/critical thinking and attitudes towards research” were the key dependent
variables. Most RBL interventions reported positive results, building on quantitative methods and
lasting 1 to 2 semesters as the typical time frame. The review results put forward a sound base to
develop decisions about the implementation of RBL in future higher education settings.
At the same time, they reflect gaps to be addressed: (1) empirical studies that comprise a more
comprehensive study of the research cycle, (2) research designs to study the impact of RBL that
include mediating or moderating variables such as motivation, self-efficacy or engagement,(3) the use
of reliable and validated research instruments.
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1 INTRODUCTION

Teaching and learning in university education are different from other types of Higher Education due to
its direct relationship with research. This teaching-research nexus (TRN) builds on a strong academic
tradition. It is broadly recognized that teaching and research are inseparable entities and that they are
aligned with the purpose of universities to develop and distribute knowledge, as manifested in the



Magna Charta Universitatum [1]. Although this TRN is strongly emphasized, the educational reality
shows a somewhat different picture, especially among teaching staff who hardly focus on research as
part of their profession and due to tensions between resources allocated to either teaching and/or
research [2].

In recent years, attempts can be observed to integrate teaching and research in Higher Education [3],
resulting in stronger student engagement in research and their incorporation in the academic
community [4]. As a TRN strategy, Research Based Learning (RBL) RBL highlights students
undertaking inquiry-based learning [5] . It can boost learning performance when incorporated in
courses and programs. This can be achieved by teaching research methods and techniques openly,
including small-scale research activities as part of the assignments, engaging students in
departmental research projects and promoting a research spirit [6]. When students are introduced to
research methods through RBL strategies, they acquire skills needed to conduct research
independently and disseminate their products [7].

Even though there is a clear connection between teaching and research, it is relevant to explore what
truly happens in practice [8] within Engineering and Science class settings.

Empirical research about RBL is scarce and literature reviews are lacking, especially in the
engineering domain. In the research literature, only review studies from the medical field could be
traced. A first study analysis revealed how students’ engagement in research led to positive responses
towards research and the study of the medical domain [9]. Another study, building on experiences in
Thailand, revealed that RBL influences several variables, including knowledge, discovery and skills
such as thinking, achievement, researcher nature, problem solving and inquiry [10].

In this study we address the gap in the literature and develop a systematic literature review about
Research Based Learning in Higher education with a focus on Engineering and Science contexts. Our
main aims are to provide a current state-of-the-art of empirical work regarding RBL. This work is
organized as follows. We first introduce the methodology adopted to develop the review study by
focusing on inclusion and exclusion criteria and the resulting analysis of a final selected of research
articles. Next, we describe the results and present a discussion that also emphasizes limitations of the
current approach and conclusions that especially emphasize directions for future research.

2 METHOD

To conduct this review, the five stage framework of [11] was adopted to follow a rigorous and
transparent method to map the target research that increases reliability of the study findings. The
framework consists of five stages, explained below.

2.1 Stage 1: Identifying the initial research questions

The focus of our review was the exploration of key elements of Research Based Learning that have an
impact on students’ research skills. For this purpose, we pose the following initial research questions:
Q1. What research step in the research cycle is stressed and what research skills are being
developed in RBL set ups within the engineering and science education domain

Q2. Which Engineering and Science programs have adopted RBL approaches?

Q3. What have been the outcomes of the studies?

Q4: Which variables have been identified and what data collection methods have been used?

Q5: How much time have students been involved in the RBL experience?

2.2 Stage 2: ldentifying relevant studies

The selection process for the present review article started October 2016 and lasted about 3 weeks.
The “Web of Science” was used as the key source to identify peer-reviewed literature from journals
and proceedings within the Engineering and Science domain. Only English language publications
were considered. The search key terms used in title and content fields were “research based

learning”, “research based”, “teaching research nexus” or research teaching nexus” As a time frame
we considered the period 2000-2016.

2.3 Stage 3: Study Selection



Using the key search descriptors, 2492 articles could be identified. A review of the abstracts revealthat
a great number of articles were irrelevant. Other articles were removed from the search as they were
duplicates or access was restricted.

Table1: Inclusion and exclusion criteria

Criterion Inclusion Exclusion
Topic RBL as defined by [12] research based activities in
non-educational contexts
non-RBL approaches

Educational level Higher Education | other settings such as primary
Undergraduate/Graduate or high school or not specified
Participants Students faculty, managerial staff
Study Focus Empirical studies Review of research, RBL
design, non-empirical studies
Other N/A Duplicate articles or not
accessible

Guided by the inclusion and exclusion criteria explained in Table 1, only 33 studies fit all the criteria
and were considered relevant to answer the research questions. To broaden the available dataset,
we identified further related publications, building on the reference lists of the selected studies. This
resulted in 17 additional articles meeting the inclusion and exclusion criteria detailed below. This
increased the number of articles to be analyzed to 50. Figure 1 illustrates the process of article
selection.

Studies identified through database Criteria (Keywords,
searching: time frame, type of
= 2492 article, language,

peer reviewed)

'

Studies after application of inclusion and

Studies excluded by:
Topic (n= 2356)
Educational Level (n= 26)

Participants (n=54) exclusion criteria:
Study focus (15) n=33 Studies included
Other = (n=8) based on new search
L of references in
reviews of literature
Final studies included in review: (n=17)

n =50

Fig 1. Article selection process.

Due to space constraints, we do not give a detailed descriptive overview of these 50 studies. The
reader can find at the end of this article the specific list of references (see section 7).

2.4 Stage 4: Charting the data

At this stage, summaries of each selected article were developed focusing on country, year of
publication, sample size, type of RBL activity within a research cycle for engineering as proposed by
[13], nature of the program or course, research variables, research methods, RBL duration and
measured outcomes. A table summarizing this analytical perspective on the 50 articles can be
obtained from the first author of this contribution,



2.5 Stage 5: Collating, summarizing and reporting results

During this fifth stage, we pulled together the analytical information resulting from the stage 4 and
developed a synthesis as reported in the next section.

3 RESULTS

The literature review reflects studies set up in six different countries. Of these, 44 studies were
conducted in the United States; single studies were reported from China, Australia, Germany, Canada,
the United Arab Emirates and the United Kingdom. There is a notable absence of literature from South
America, Asia and Africa.

Regarding the RBL focus on steps in the engineering/science research cycle, most studies focus on
multiple steps. Pulling the studies together, all stages are being covered. Most studies center on
research activities related to collecting, analyzing and interpreting data (n=32), followed implementing
research designs (n=24), and a focus on communicating research findings (n=23).

Regarding research methodologies, most studies adopt a quantitative approach (n=24), followed by
mixed studies (n=15) and qualitative approaches (n=11). In terms of sample size, 32 studies involve 6
to 109 students, followed by 9 studies involving 114 to 500 and 3 studies building on a sample size
ranging from 640 to 800 students. Only one study is based on a smaller sample. Five studies did not
specify the sample size.

3.1 Discussion in relation to the research questions

Q1. What steps in the research cycle are stressed and what research skills are developed in
RBL set ups within the engineering and science education domain?

Table 2: Specification of research skills and research cycle steps in the studies

Research cycle phase Research skill Total

Discover requirements, state initial research problems | Identify a research problem 7

and questions

Immerse in theory Search  for literature, write | 18
bibliographical citations

Generate research questions/hypothesis Generate research questions and | 12
hypothesis

Develop research methodology Select research methods, set up | 15
studies

Conduct research Carry out experiments or research | 24
set-ups, collect data

Analyze and interpret data Analyze data and interpret | 32
findings

Implement findings Report findings in papers, posters | 23
and new research proposals

Table 2 shows the different research skills and research cycle phases emphasized the most in the
studies. We based our analysis on the phases of the research cycle suggested by [13] where students
can participate in selected phases or in the whole process. It starts with a knowledge gap perceived
by the student, followed by an initial question or problem not yet resolved which leads to stating
objectives and searching for relevant literature. Then the methods are built up in dependence on the
research questions generated, the experiment is performed, results are analyzed, implemented and/or
disseminated. From the results we can state that the main aim is to encourage students to develop
skills related to analyzing data and interpreting findings as well as performing their own experiments
and communicating their findings through a scientific paper or research report. This emphasis on
conducting research is supported by the ideas of [63] who labels it as a critical issue for the
professional progress of science students. Similarly the dissemination of research findings in a
conference experience for instance, has been proved to add a varied range of skills and professional
qualities to students who participate in such an authentic learning environment [64]. The possibility of
being more actively involved in potential publications may encourage students to improve their
academic writing, work harder and reach a broader audience [65].




As we may notice, some articles were counted more than once in each appropriate stage as they
focused on several research skills. For this reason the sum of the counts for research skills does not
equal the total number of papers.

Q2. Which Engineering and Science programs have adopted RBL approaches?

Chemistry is the field, which contains most of the selected studies (n=26). The performance of
chemical experiments allows students to increase appreciation and knowledge regarding subject-
related issues. They use problem solving and critical thinking skills to propose novel results within the
processes used in chemical research [66]. This is in line with [16] who state that instructional
laboratories with a research-based orientation can not only impart scientific knowledge but also
increase students’ research expertise and confidence. Other dominant field is Biology (n=14),
followed by Engineering (n=7), Physics (n=4) and Environmental Sciences (n=1). Some studies
involve students from more than one program, for example a sample includes students from
Chemistry, Physics and Biology majors. This is why; again the sum of the counts for Engineering and
Science courses do not equal the total number of selected papers.

Q3. What have been the results of the studies?

The selected studies have been classified as positive, negative and mixed, being positive the most
commonly found result (n= 29) followed by neutral (n= 13) and mixed (n=8). The positive outcomes
found in this review may be associated with the fact that classroom research experiences provide
students with learning opportunities as well as benefits for faculty research programs [26].

No negative results are reported in this preliminary review study. We may infer that although expected
empirical results were not fully achieved, there was some kind of contribution to the field

Q4: Which variables and data collection methods have been used?

Quantitative, qualitative and mixed methods have been used in the selected studies, being the
quantitative the most used to measure achievement, academic performance and learning gains (n=
24), followed by mixed (n= 11) and qualitative (n=11).

Regarding the variables included in the studies, “research interest” is dominant in the list (n=21). This
conclusion may be rooted within a typology of RBL which focuses on students’ research interests that
is reflected in their research and learning interests [67]. This is also related to what [68] claim about
the positive influence of undergraduate research practices on students’ decisions to keep doing
research. Research experiences have the capacity to encourage students’ interest by providing them
opportunities to explore the questions they generate. [69]. Similarly, “critical /scientific thinking” (n=
13) and “perceptions/attitudes/conception of research” (n= 13) are also found in a great number of
studies followed by achievement (n= 12), confidence (n= 11), research skills (n=11) and motivation
(n=8).

On the other hand, “problem solving” (n=5) “self-efficacy” (n=2) and “communication skills” (n=4) are
not commonly considered in the RBL interventions compiled in the selected studies.

Again, most studies involve more than one variable within the same experience; therefore the sum of
the counts does not equal the total number of papers.

Q5: How much time have students been involved in the RBL experience?

The most usual time range in a large number of studies is from 1 to 2 semesters, usually in courses
taught in a sequential order. This is followed by RBL experiences, which take more than 1 year,
generally involving several cohorts from one or more programs. Only 2 studies were carried out in a
period of 1 to 5 weeks as well as in 6 to 10 weeks. These courses were mostly at intensive masters’
or doctorate level programs that are typically taught in shorter time. These findings support the fact
that it is important to have realistic learning goals for undergraduates that participate in short-term
research experiences. It may be doubtful that in a period shorter than 10 weeks students gain enough
proficiency to become researchers. However, it is possible that students gain abilities to complete a
small research project if frequently exposed to proper learning opportunities. [70].



4 LIMITATIONS

There are several limitations in the present work. Firstly, examining empirical studies from 2000 to
2016 may exclude important prior work from the sample. However, the lack of literature reviews
concerning RBL in the given search period reflects that in general, there must be a limited number of
studies published before 2000. Therefore, we consider that focusing on the publications of the last 15
years is appropriate to answer in detail the proposed research questions.

Secondly, articles that did not include any of the selected key words in the title with abstracts that did
not explain the context of an RBL empirical study clearly were missed. Similarly, articles that were
directly related to the topic but not available because of restricted access could not be included.

5 CONCLUSIONS

This study reports findings regarding the existing literature in relation to Research Based Learning in
Higher Education particularly within Engineering and Science fields. The selected studies provide a
general idea of the developments carried out from 2000 to 2016.

The fact that more than half of the studies were published since 2010, suggests an increasing interest
in disseminating the outcomes of incorporating RBL practices in Higher Education courses.

The literature found shows that there is a strong emphasis on the development of some students’
research skills such as analyzing data, interpreting findings, conducting their own experiments and
reporting their findings through research reports or papers. Chemistry is the field where more RBL
experiences have taken place mainly in laboratory settings followed closely by Biological labs. In most
studies “interest in research/interest in the subject” is considered as the key dependent variable and
the most used time frame for RBL implementation is between 1 and 2 semesters.

This systematic review, however, has identified some weaknesses in the variables promoted in
students in most RBL interventions. For instance, self-efficacy and problem solving were not
consistently found in the cited literature.

To strengthen the future research in RBL, we suggest relying on a broader range of databases and
consider other variables that also interplay meaningfully in the integration of teaching and research.
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