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Abstract 
Nowadays, universities have a pronounced interest to link teaching and research.  Research into this 
link has developed rapidly over the last decades, and focused on how the teaching-research nexus 
(TRN) enhances the quality and outcomes of the learning experience for both students and 
academics. As part of this nexus, Research-Based Learning (RBL) involves a curriculum designed 
around inquiry activities in which students have the opportunity to conduct their own research. 

We hypothesize if graduate students involved in a RBL version of a course reflect a higher intention to 
do research compared to students in a control condition of the same course.  We also attempt to 
determine the impact of course contexts and changes in mediating variables such as autonomous 
motivation, engagement, perceived behavioural control (self-efficacy), behavioural beliefs, subjective 
norm and the interaction with age and gender. 

A quasi-experimental pretest-posttest design was set up involving 52 students from 6 different 
programs at a public university.  We developed scales building on Bandura’s guidelines to determine 
self-efficacy (perceived behavioural control), Ajzen’s Theory of Planned Behaviour to test the intention 
to do research along with behavioural beliefs and subjective norm; and Deci and Ryan’s Intrinsic 
Motivation Inventory to determine autonomous motivation.  To measure engagement, we developed a 
6-week intervention in which students in the experimental condition worked on RBL assignments 
whereas students in the control condition worked on TRN activities. All student activities were 
managed through an online learning management system. 

Our results show a clear trend, reflecting how students in an RBL version of the course attain slightly 
higher levels of intention to do research. However these differences are not significant. 

There are some explanations for the current findings. First of all, the students in the control condition 
were similarly involved in – though basic – research activities. This might have also boosted their level 
of intention in doing research considering the rather short term set up of the study (6 weeks).   

An additional explanation is related to our RBL design and the fact that students from 6 different 
programs were involved.  This resulted in an RBL design that had to comply with the research focus of 
all 6 programs and as such involved the students in more general research activities.  

The results of the present study – though promising – push a research programme aiming at more in-
depth research. Nevertheless, the RBL approach has invoked in the local university setting an 
innovative way of thinking about the teaching-research nexus. From a focus on a single-course 
innovation, a focus at a programme level approach of RBL has been put at the centre. This opens 
avenues for new and promising research endeavours. 

Future RBL related research implies setting up qualitative studies to compare the actual experiences 
of students in both conditions and whether they report differences. In addition, a new study could be 
set up in a single course setting, while involving a larger number of enrolled students. This is not an 
easy undertaking given the limited student numbers in advanced engineering courses in the target 
Ecuadorian University. Building on the limitations as to the quantitative nature of the study, a mixed 
method design could help developing a richer picture. 
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1 INTRODUCTION  
At university level, teaching and learning are often linked to research.  This relationship is often 
regarded as the core of university education [1].  Research about the teaching-research nexus (TRN) 
has increased during recent decades with a focus on the quality and outcomes of TRN in both 
students and academics [2]. Recent studies centre on a stronger process level involvement of 
students in research. This redesign is often labelled as Research Based Learning [3]. Potential 
outcomes of RBL-based courses or programs can be different. Most authors stress increases in 
research related knowledge, skills and attitudes [4]. Others highlight the acquisition of research 
planning skills [5], develop of research questions and design of experiments [6], or students 
willingness to pursue future involvement in research [7].  

Research also points at critical student variables mediating the impact of RBL. In this context, we can 
build on the Theory of Planned Behaviour [8], stressing three types of precursors of intentions to carry 
out research: (a) Perceived Behavioural Control (PBC) often labelled or measured through Self-
Efficacy (SE) or other internal control factors, (b) Behavioural Beliefs (BB) and (c) Subjective Norm 
(SN). Other authors add to these precursors the following mediating variables; motivation [9] and 
engagement [10]. 

Research stresses – in addition – the role of individual background variables, such as gender [11], 
demographics [12], age [13] and educational program influencing the nature of the research 
experience [5]. 

We centre on the variable “Intention to do research” as the expected RBL outcome. It is defined as 
developing an interest in research, usually perceived in terms of career choices [14]. We build on the 
Theory of Planned Behaviour (TPB) that helps defining precursors of “intentions to do research” [15]. 
The theoretical linkage between TPB and RBL is hardly present in the scarce empirical RBL-research.  

The TPB puts forward three precursors: 

• Behavioural beliefs (BB) push people’s intentions and actions. They refer to “beliefs about the 
likely consequences of the behaviour, some positive and others negative” [16]. It refers to what 
students think they will get as benefit from the involvement in research activities. 

• Subjective Norm (SN) refers to the "the perceived social pressure to perform or not to perform 
the behavior" in question [15]. These norms point at what students consider about what others 
think about being involved in research. 

• Perceived Behavioural Control (PBC) refers to people’s perceptions about the extent to which 
they are able to perform a specific behaviour or its controllability.  Based on [17], we can 
distinguish between self-efficacy (SE) as to the perception of being able to carry out research 
and the extent to which carrying out research is up to the student.  

Authors point at the importance of mediating variables during RBL; such as motivation ([18]; [20]; [21]) 
and student engagement [22].   

In the context of the current study, we build on the Self Determination Theory [9] to operationalize the 
concept of autonomous motivation. RBL will have an impact when it supports the three Basic 
Psychological Needs (BPN) of Autonomy, Belonging/Relatedness and Competence [23].  

Next, student engagement is an indicator of how well students are doing in attaining required 
academic and social outcomes [22]. As stated by [24], engagement arises as a result of perceived 
autonomy processes, support and need satisfaction; thus reiterating the importance of motivation  
already discussed above. Educators should therefore push student engagement by providing 
individual responsibilities, academic tasks, setting up a stimulating class environment and other 
external factors [25]. 

Next, we consider student variables: gender, age and study context though the literature is rather 
scarce as to empirical evidence pointing at potential interactions of these variables with the outcomes 
of RBL.  

The above conceptual and theoretical base helps developing the following theoretical model (see Fig. 
1). The figure emphasizes how the differential impact of RBL might be mediated by changes in critical 
variables and how student background variables might interact with expected changes.  
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Figure 1.  RBL intervention design considering mediating variables and co-variables. 

2 METHODOLOGY 
A quasi-experimental pre-test – post-test design was set up studying the differential impact of an RBL 
and non-RBL version of the same course. Our hypotheses were the following: 

• H1 Students involved in the RBL version of a course will reflect a higher intention to do research 
as compared to students involved in the control condition version of the same course. 

• H2 Students involved in the RBL version of a course will reflect a higher intention to do research 
as compared to students involved in the control condition version of the same course, 
considering the different course contexts, the changes in mediating variables (autonomous 
motivation, engagement, perceived behavioural control, behavioural beliefs and subjective 
norms) and the interaction with co-variables (age and gender). 

2.1 Sample 
Graduate engineering students (N 59), of a level A Ecuadorian University, were involved. Student 
numbers in graduate programmes are small. Students of 6 programmes, taking the same course were 
selected. A sub-sample of students was randomly assigned to the control or the experimental RBL 
condition. Potential differences due to differences in programmes were controlled.  Informed consent 
was obtained from all students. The study was approved by the educational authorities of the 
university. Table 1 summarizes key background characteristics of the students in the research 
conditions in terms of program, age and gender. Due to individual circumstances, 7 students dropped 
out of the study, resulting in full data set from 52 students. 

Table 1.  Student characteristics (N 52, M and SD) 

 Control Group RBL Group 

Program Age Male Female Age Male Female 

1 28.44(3.047) 5 2 29.91(3.780)           7 4 

2 28.67(0.577) 0 3 34.00(3.559) 2 2 

3 31.75(9.605) 2 2 35.00(5.020) 4 2 

4 30.75(4.992) 3 1 31.25(2.630)            2 2 

5 35.50(0.707) 2 0 33.00(2.828)     1 1 

6 28.00(2.828) 2 0 33.67(1.528)            3 0 
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2.2 Research Instruments 
Research instruments were piloted in a study prior to the RBL intervention, involving students not 
included in the present study.  Prior to the intervention, students were presented with a background 
questionnaire.  

The Intentions to do Research scale was designed on the base of TPB guidelines [8]. Each of the 10 
items reflects a phase in the research cycle for engineers; example item: “Being involved in research 
would enable me to discover requirements and gaps in knowledge”. The scale (INT) reflects a high 
reliability (pretest α= 0.820).  

To determine Perceived Behavioural Control (PBC), we developed a Self-Efficacy scale on the base of 
Bandura’s guidelines [26]. The 27-items in this SE-scale asked students to indicate their degree of 
confidence – on a scale from 0 to 100 - to carry out specific research activities. Example item: “Rate 
your degree of confidence to generate preliminary research questions or problems”. The SE scale 
reflects high reliability (α= 0.933).  

To measure Subjective Norm (SN), the TPB guidelines were applied of [8], [15].   This resulted in a 
10-item scale (5-point Likert scale); example item: “Experienced researchers think I must select 
appropriate research methods and justify them”. The SN scale reflects high reliability (α= 0.846). The 
change between post and pre-test in SN is considered in the analyses. 

To determine Behavioural Beliefs (BB), again [15] was adopted to develop a 10-item scale (5-point 
Likert scale); example item: “Having research skills such as analyzing data and interpreting research 
findings would be important”. It reflects high reliability (α= 0.831).  

To determine Autonomous Motivation (AM), we adopted seven items from the Intrinsic Motivation 
Inventory [27] and three items from the Motivation at Work scale [28]. The 10 item AM-scale asked 
students to indicate on a 7-point Likert scale their agreement with statements; such as “I enjoy doing 
research related activities very much”. The scale reflects high reliability (α= 0.884).  

In view of the statistical analyses, the difference between pre- and post-test scores for INT, SN, PBC, 
BB and AM are used to test the hypotheses. 

To determine student engagement, we calculated the degree of carrying out all activities in the online 
learning management system. 

2.3 Nature of the RBL intervention 
An equal amount of time was put forward to tackle each activity version. This implies students in the 
control condition; though to a much lower extent. They were mainly expected to read the related 
materials. The fact all students were involved in a kind of research activity is linked to deontological 
concerns about equal opportunities for all students.  Each week, students were involved in research 
activities as illustrated in table 2. 

Table 2.  Steps in the research cycle and related activities for experimental and research groups 

Steps RBL Control  

Problem identification          Identify the research problem 
and summarize it        

Identify information in an 
article and complete the table 

Immersion in theory: 
references/citations                

Write citations and references 
in APA style           

Search information in the  
literature base of an article 

Select and justify research 
methods 

Evaluate and justify the 
author’s research methods 

Derive information from the 
abstract of an article 

Select and justify research 
methods 

Select and evaluate own 
research methods 

Extract information from an 
article 

Analyse and interpret research 
data 

Write the discussion of results 
section 

Infer and predict information 
from an article 

Interpret research findings Write the conclusion of an 
article 

Relate the text to personal 
and professional experience 
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2.4 Procedure 
The study was set up during the first semester of the academic year 2016-2017, starting with a pre-
test phase. Next to the background questionnaire, the different scales were administered as described 
above, following a predefined protocol. Students were present in their regular classroom. Scales were 
filled out online (Google forms). Administration took between 40-45 minutes. Next, students in the 
experimental condition followed the RBL version of the course during the subsequent six weeks. 
Students in the control condition followed the traditional TRN version of the course. Students turned in 
tasks through the online learning management system.  After the intervention, all students filled out – 
during regular class - the online post-test version of the instruments. Next, an overall level of 
engagement was calculated. 

2.5 Analysis approach 
All analyses were carried out with SPSS® version 20.  A significance level of p <.05 was put forward.  
Descriptives, and analysis of covariance (ANCOVA) were applied (research conditions and programs 
as factors), and with the mediating variables and student variables as covariables. Statistical 
assumptions were tested (homogeneity of variance, normal distribution) and Bonferroni correction was 
applied. Effect sizes were calculated to interpret significant results (Cohen's d), considering the 
guidelines of [29]. 

3 RESULTS 
The results in table 3 reflect small differences between research conditions. RBL students seem to 
reflect a higher average INT score. Students in the control group seem to be slightly more engaged. 

Table 3.  Summary of descriptive results in relation to all research variables (N) 

Variables RBL(n=30) Control (n=22) 

Intention to do Research 0.08 (0.43) -0.6 (0.51) 

Change in AM 0.01 (0.73) -0.28 (0.75) 

Change in PBC 4.79 (8.34) 2.78 (9.14) 

Change in BB -0.02 (0.40) -0.01 (0.38) 

Change in SN 0.11 (0.56) 0.14 (0.65) 

Engagement 8.07  (1.21) 8.55 (0.67) 
M (SD) = Mean (Standard deviation) 

Fig. 4 plots the differences in Intention to do Research between the RBL and the control group, but 
considering the different programs.  

 
Figure 4. Differences in Intention to do Research considering the nature of the programs. 
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3.1 Hypothesis 1 
Though, the descriptives suggest a positive trend in the RBL condition, the analysis of variance 
analysis results reveal no significant differences in INT (F (1, 50) =1.32, p=.257).  

3.2 Hypothesis 2 
Table 4 summarizes the analysis of co-variance results. We again observe a non-significant 
differential impact of RBL on changes in Intention to do Research (F (5, 33) =0.42, p=.830).  There is no 
significant interaction between condition and program type. Also, there seems to be no interaction 
impact due to changes in mediating or the control variables. 

Table 4.  Analysis of covariance results when considering mediating and co-variables 
 next to the potential impact of program differences 

 F df p 
Condition 0.58 1 0.45 

Program 0.98 5 0.44 

Condition*program 0.42 5 0.83 

Change in PBC 1.05 1 0.31 

Change in BB 14.07 1 0.001 

Change in SN 3.15 1 0.085 

Change in AM 1.64 1 0.209 

Engagement 0.17 1 0.685 

Gender 0.21 1 0.650 

Age 0.11 1 0.74 
F= ratio of 2 measures of variance; df=degrees of freedom; p≤0 =statistical significance 

3.3 Discussion 
The present study tried to fill a gap in the available literature by setting up an empirical study of an 
RBL intervention. The results reflect a clear trend, and show how students in a research-based 
learning version of the course attain slightly higher levels of intention to do research. However these 
differences are yet not significant. This is not in line with the findings of [30] who suggests that 
students attain most benefits from research when they are actively involved in inquiry-based activities, 
such as the ones assigned to the experimental participants in the present study. 

There are a number of explanations for the non-significant findings. First, students in the control 
condition were similarly involved in – though basic – research. This might have also boosted in these 
students a level of intention in doing research. Also the short duration might have limited the possibility 
for n to emerge.  

An additional explanation might be related to the fact students from 6 different programs were 
involved. The RBL design had to comply with the broad content focus of all 6 programs and as such 
students were asked to tackle rather general papers or carry out general activities. This lack of 
specialisation focus might have invoked lower interest in students. We reiterate in this context [31] that 
research interest is invoked when research activities are related to students’ career. 

Next, we looked at mediating variables that were expected to interact with the positive impact of the 
RBL experience. This could not be confirmed. First of all, the lack of overall impact on Intention to do 
Research, makes it less feasible to identify significant differences. In table 4 we see that Behavioural 
Beliefs is the only significant result when interacted as a co-variable in the analysis. Looking at table 3, 
we nevertheless see trends in changes in autonomous motivation, engagement and TPB constructs 
(BB, PBC, and SN). As to Autonomous Motivation, students in the control condition could also have 
felt supported in their basic psychological needs by the “new” nature of the research activities 
presented in the control condition. Though not significant, we repeat – together with other researchers 
– that these mediating variables should still be considered in future research as they are strong 
predictors of the intention to perform behaviour [32]. 
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4 CONCLUSIONS 
The results of the present study push a research programme aiming at more in-depth research. 
Though the results are not significant, the RBL approach has invoked in the local university setting an 
innovative way of thinking about the teaching-research nexus. From a focus on a single-course 
innovation, a focus at a programme level approach of RBL has emerged. This opens avenues for new 
and promising research endeavours. 

5 LIMITATIONS 
The above introduced a number of limitations: small sample size; short duration, too small differences 
between the design of the experimental and control condition. Also, differences between programs - 
not controlled by the research design – could have played a role; such as research experience of the 
teachers, teacher beliefs, time frame of a course and extra course demands beyond control of the 
research. Also, our study built on quantitative data. This prevents developing a deeper insight into the 
actual research experience of students.  

These limitations present a clear agenda for future RBL related research. Especially the design of the 
RBL as compared to the control condition needs special attention. This might first imply setting up 
qualitative studies to compare the actual experiences of students in both conditions and whether they 
both report differences.  

In addition, to circumvent the differences emerging from different course settings, a new study could 
be set up in a single course setting, while involving a larger number of enrolled students. This is not an 
easy undertaking given the limited student numbers in advanced engineering courses in the target 
Ecuadorian University. Building on the limitations as to the quantitative nature of the study, a mixed 
method design could help developing a richer picture (interviews, focus groups, video analysis). 
Lastly, involving teachers as key actors in the TRN, could help establishing an additional perspective 
on RBL. 
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