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Abstract 
There is ample evidence that supports that interactive learning enhances learning and knowledge 
retention among students. This paper provides a set of considerations on the use of interactive tools, 
mainly from the perspective of the teachers (usually, also lab designers), regarding the benefits and 
weaknesses of these resources in control engineering education, as well as the main educational 
competencies that are envisioned to be acquired by students. 
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1 INTRODUCTION 
Industry is ever more demanding of graduates' qualification, values, practical knowledge and skills. In 
consequence, current degree programs, aspiring to reach the highest standards possible, address 
more explicitly the learning outcomes that their graduates should attain. To that effect, innovation in 
engineering education is expected to ensure that degree programs attract students and transform 
them into graduates who are well prepared for future engineering practice that allows exploiting new 
science and technology [1]. 

One method of supporting learning, which was a major curricular innovation and is now one of the 
most popular in the science, technology, engineering and mathematics (STEM) disciplines, is the use 
of interactive computer simulations. It has been widely demonstrated to be useful for students to 
acquire the underlying theoretical knowledge in a practical and more effective way than by carrying out 
only a theoretical or analytical development. Likewise, interactive resources can also help to connect 
theory and practice in such disciplines in an easier way. Both issues are especially relevant in control 
engineering [2, 3], where this paper is framed. Nonetheless, as it is evident, these powerful tools 
involve several advantages but also drawbacks, from both technological and educational perspectives, 
to be overcome. 

Given this scenario, educational innovation experiences activities are being carried out at the 
University of Extremadura (henceforth, UEx) to design, build, test and validate virtual and remote 
laboratories developed using the open source free authoring tool Easy Java(script) Simulations 
(EJS/EJsS) [4]. In this context, recently there exist two trends that have attracted the attention of 
educators involved in these experiences to integrate: 1) automatic evaluation [5], and 2) an 
environment to automate students’ experimentation tasks [6].  

In an effort to share best practices, this paper provides a set of considerations on the use of interactive 
tools, mainly from the perspective of the teachers (usually, also lab designers), regarding the benefits 
and weaknesses of these resources in control engineering education, as well as the main educational 
competencies that are envisioned to be acquired by students. 

The remainder of this paper is organized as follows. Section 2 describes the current educational 
context in which competencies are the most important learning outcomes, as well as the main learning 
outcomes and competencies that are envisioned to be acquired by students in engineering degrees 
and rubrics to assess them. Section 3 deals with the main issues involved in interactive learning, 
including the benefits and weaknesses of this learning approach in comparison with traditional 
learning methods based on authors’ experience. Finally, Section 4 summarizes the main conclusions 
of this paper and proposes some ideas for future trends in interactive learning. 

2 LEARNING OUTCOMES AND COMPETENCIES 
This section describes the current educational context based on learning outcomes and 
competencies. Some scoring rubrics that can be used are also given toward the improvement of their 
efficiency in assessment. 
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2.1 Current educational context 
Everyone agrees that what students learn at university is vital to their success and satisfaction in their 
life in general, but more specifically from a professional point of view. For this and other reasons, 
making sure that graduates acquire the knowledge and proficiencies needed to develop a work in a 
responsible and efficient way is one of the main, if not the only, objectives of higher education. This 
circumstance makes educational quality a priority and, consequently, the vast majority of universities 
and institutions publish statements about the intended learning outcomes and competencies of their 
degree programs. Hence, assessment of such results entails comparing students’ educational 
performance with educational purposes and expectations established in degree programs. These 
results, included in an assessment plan together with the program mission, learning outcomes and 
competencies, learning opportunities, and tools or methods for gathering evidence of student learning, 
define the institution actions needed to facilitate continuous improvement of student learning, as 
shown in Figure 1. 

 
Figure 1. Outline of assessment plans (adapted from [7]). 

To this respect, documenting learning measuring outcomes and competencies is necessary not only 
to assess student performance, but also to be able to improve institutional prestige. Indeed, student 
learning outcomes assessment, done well, is not just a powerful and potentially effective instrument to 
improve student success; it is an essential strategy for the higher education institution to respond 
successfully to the many changes it faces [8].  

With so much in play, multiple studies indicate that a wide range of assessment tools and approaches 
is available. Likewise, most universities are using multiple approaches to evaluate student 
accomplishment. The following are principles of good practice for assessing outcomes and 
competencies in teaching-learning processes (see Figure 2): 

1 Educational values should be involved in assessment to drive not only what to assess, but also 
how to do so. 

2 Learning has to be understood as multidimensional, integrated and showed in students’ 
performance over time, including not only knowledge and skills, but also values, habits, 
attitudes, and so on. 

3 Degree programs must be clear, public and with explicitly stated purposes; they establish the 
reference objectives with which to compare the ones obtained by the students. 

4 Besides outcomes, the experiences that lead to those outcomes have to be considered when 
assessing, even in the same proportion. 

5 Continuous assessment is desirable compared to "episodic" and, for that purpose, monitoring 
and supervising student progress is important to achieve the intended goals. 

6 As well as professors, other people from across the educational community, such as faculty 
members and institution representatives, and even external agents, such as alumni/ae, trustees 
and employers, have to be involved in assessment so that the final goal can be obtained. 
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7 Approaches connected to issues or questions that students really care about are required to 
increase their motivation and, consequently, ensure that their participation in the teaching-
learning process is effective. 

8 From the institutional point of view, assessment should be a part of the whole educational 
strategy, and their results have to be visible for people from out of the academic community. 

9 Educators should meet responsibilities to both students and the public in general to provide 
information about the ways in which the students meet goals and expectations. 

10 Writing clear, observable and measurable student learning outcomes and competencies, 
according to “SMARTER” (Specific-Meaningful-Achievable-Relevant-Time-bound-Evaluable-
Reward) goals. 

11 A diverse range of assessment instruments and processes should be employed, so as not to 
disadvantage any particular individual or group of learners, i.e., assessment should be adapted 
to individual differences in students. 

12 Assessment instruments and processes need to be reliable, consistent and impartial, 
eliminating subjectivity as much as possible. External examiners and moderators should be 
active contributors to assessment, rather than observers.  

13 All assessment methods should allow students to receive feedback on their learning and their 
performance.  

14 The amount of assessment should be appropriate, in terms of load of assessment 
requirements, to avoid students' learning be affected by excessive burdens of assessment 
tasks. 

15 Assessment criteria need to be understandable, explicit and public.  

More details of principles can be found in: [9, 11] for principles from # 1 to # 9; [10] for # 10; and [11, 
12] for the remaining principles. 

2.2 Rubrics for assessing outcomes and competencies 
In the context of competency-based learning, and taking into account the above-mentioned principles 
# 12 and 13, scoring rubrics are considered as one of the best methods to collect evidences of 
competency acquisition. A great variety of rubrics has been reported in the literature, with application 
in different science domains, and many institutions and organizations have published their own types 
as well. For example, for STEM disciplines, the Accreditation Board for Engineering and Technology, 
Inc. (ABET) is one of the most recognized organizations for the evaluation of student outcomes as part 
of the curricula accreditation process. 

There are numerous papers on methods for rubric development and validation within the context of 
program assessment for different fields. Likewise, many institutions also publish their evaluation 
rubrics on their programs websites. As an example for different engineering studies, reviews on 
assessment tools can be found in [13, 14]. 

For engineering degrees, ABET considers the following eleven competencies [15–17]: 

• A – Ability to apply knowledge of mathematics, science, and engineering. 

• B – Ability to design and conduct experiments, as well as to analyse and interpret data. 
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Figure 2. Fifteen tips of good practice for assessing competencies and outcomes. 

• C – Ability to design a system, component, or process that meets desired needs within the 
realistic constraints such as economic, environmental, social, political, ethical, health and 
safety, manufacturability, and sustainability. 

• D – Ability to function on multidisciplinary teams. 

• E – Ability to identify, formulate, and solve engineering problems. 
• F – Understanding of professional and ethical responsibility. 

• G – Ability to communicate effectively. 
• H – The broad education necessary to understand the impact of engineering solutions in a 

global, economic, environmental, and societal context. 

• I – Recognition of the need for, and an ability to engage in life-long learning. 

• J – Knowledge of contemporary issues. 
• K – Ability to use the techniques, skills, and modern engineering tools necessary for 

engineering practice. 

The rubrics for assessing each outcome are divided into different criteria, which are graded in four 
levels of performance, namely, “poor”, “inadequate”, “adequate”, and “exemplary”. For example, for 
outcome D, the following are considered as performance indicators: “research and gather information”, 
“fulfil team role’s duties”, “share in work of team”, and “listen to other teammates”. 

3 INTERACTIVE LEARNING IN ENGINEERING EDUCATION 
This section deals with learning based on interactive tools in general, but with some notes in the case 
of control engineering education.  
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3.1 Overview of the methodology 
The process of learning requires student participation, especially after the Bologna reform in the 
European higher educational system. This situation is especially relevant in STEM disciplines, where 
the acquisition of both practical skills and experimentation plays a vital role to obtain the learning 
outcomes and competencies associated to the degree. Consequently, simulation and experimentation, 
which require students to engage in learning, become essential parts of the teaching-learning process 
in engineering degrees [2, 3]. 

Furthermore, in engineering education, new information and communications technologies are 
revolutionizing traditional teaching methods toward those with more refined and effective where 
students are actively involved. More specifically, one of the current trends in control engineering 
education is interactive learning: with the objective of looking for attractive ways to introduce concepts 
with significant mathematical base, the development and use of interactive tools with graphical 
representation has been demonstrated to be effective to contribute to the theoretical understanding of 
such concepts by students [18, 19].  

Interactive learning is even more relevant in laboratory teaching. As reported in [20], most studies 
demonstrate that student learning outcome achievement is equal or higher in non-traditional 
laboratories (those which include interactive learning) versus traditional across all learning outcome 
categories (knowledge and understanding, inquiry skills, practical skills, perception, analytical skills, 
and social and scientific communication). 

3.2 Benefits and disadvantages 
The authors of this work are with the Department of Electronic Engineering and Automation at the 
University of Extremadura, and more precisely with the area of Systems Engineering and Automation. 
Since 2014, they have been involved in several teaching innovative projects on the development and 
application of virtual and remote laboratories to support teaching in different courses of different levels 
in various industrial engineering bachelor degrees [19, 21–24]. Likewise, more recently, we focus on 
introducing automatic evaluation capability in such virtual results [25, 26].  

Hence, although non extensive, our experience in this field has led to extract a set of conclusions, in 
terms of benefits and limitations or disadvantages, of learning based on interactive tools. A list of 
design recommendations for such tools is also proposed. 

In the following paragraphs, we are going to throw some light on some of the advantages of interactive 
learning, as well as its disadvantages. 

3.2.1 Benefits 
Let us start with benefits of interactive learning in twofold, on the side of students as well as from 
teachers and/or institutions’ point of view. From students’ perspective: 

1 This way of learning is usually more enjoyable, funny, and involving. Definitively, it is usually 
more attractive and, consequently, motivating and stimulating, than traditional learning methods. 

2 Unlike traditional lessons, students need to be active in learning, and not only taking notes, 
memorizing equations, and other passive forms. Hence, students are able to take control of 
their own learning process and perform an autonomous learning. 

3 Interaction allows learning to reach a larger variety of students, especially to those with 
disabilities or who require special needs. Evidently, instructors have to consider the especial 
cases and design the tool adequately. For example, learners with hearing challenges can 
benefit from the visual environment of the tool, whereas students who cannot see can learn 
from audios. 

4 Interactive learning favours, and even promotes, collaboration among students. 
5 This method also favours understanding of the concepts and notions. 

And from instructors-institutions’ point of view:  

6 Structuring lessons becomes easier and more versatile. 
7 In general, this methodology saves both education costs and time. The clearer case is e-

learning education. 
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8 Interactive teaching comes with more flexibility and convenience for both instructors and 
students, and more especially for the above-mentioned education. 

3.2.2 Disadvantages 
Similarly to the benefits, disadvantages are discussed from both students and teachers’ perspectives: 

1 Students are required to learn how to handle the tools, so interactive learning may prove to be a 
bit complicated for certain students. Nevertheless, most students nowadays are millennials, and 
therefore, technology-proficient. Due to this fact, learning to handle these tools should not be a 
problem, especially if they arouse their interest. 

2 From instructors’ point of view, the design and development of appropriate interactive tools take 
time. Hence, this way of learning can result in overwork, not only for teachers, but also for 
students. 

3 Functionalities of the tools have to be continuously reviewed and updated, mainly to take into 
account current trends in education. 

4 The use of interactive resources may require the purchase of some specific software so that the 
tools can be used by students. 

5 Interactive learning needs some essential technology, namely hardware and/or software. As a 
result, this circumstance can also have an effect on costs. 

6 Although the technology and resources are available, they still have to be accepted by both 
students and teachers.  

7 Interactive learning is being introduced in lessons in a quite slow pace, mainly due the previous 
disadvantage. 

8 Since almost all information is available thanks to the Internet, there exists a high risk of 
plagiarism. In this sense, teachers must be on alert to be able to detect it. 

Despite the fact that interactive learning methods have more benefits than limitations to enhance 
learning and knowledge retention among students, nowadays the real challenge is how to implement 
them in the current educational context based on competencies: interactive tools should allow to 
measure competencies and outcomes. A recent example of application can be found in [27].  

3.3 Design recommendations 
Next, some recommendations, especially during the design of an interactive tool with educational 
purposes and essentially from the designers’ point of view, are given. These are: 

1 To develop this kind of tools, using free software is more desirable, rather than fee ones. This 
not only will facilitate their use, but also will increase the motivation of students, mainly at the 
beginning of the use. 

2 In terms of computation, it is recommended to develop tools that require low computational load 
on the side of the users (students). Similarly to the previous recommendation, it will allow 
students to feel more comfortable with the tool. 

3 Designing for all the diversity of students, but taking into consideration possible requirements of 
students with special needs. 

4 Writing a manual to describe the use of the tool, including some examples for illustration 
purposes. 

5 Using high grade of interactivity. Our experience said us that this circumstance occurs: we. This 
can be due to, as mentioned, students are technology-proficient millennials.  

6 Preparing a questionnaire or rubric in order to collect students’ feedback. This is always 
important to improve the tool and, consequently, the quality of the teaching-learning process. 

4 CONCLUSIONS 
In an effort to share best practices, this paper has discussed on interactive learning, from the 
perspective of both teachers (usually, also resource designers) and students, regarding the benefits 
and weaknesses of this kind of learning in control engineering education. An analysis of the main 
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educational outcomes and competencies that are envisioned to be acquired by students was also 
provided. 

Despite the fact that interactive learning methods enhance learning and knowledge retention among 
students, nowadays the real challenge is how to implement them in the current educational context, 
i.e., within learning based on competencies. In our opinion, further analyses and developments should 
be carried out in order to connect both interaction and competencies. For that end, we believe that 
interactive tools should implement different ways of measuring, on the one hand, learning 
competencies and outcomes, but, on the other, the contribution of the own method in enhancing 
teaching and learning.  

In fact, future in interactive learning may be in: 1) introducing tools for automatic grading of tasks, and 
2) implementing rubrics in interactive resources that, together with the previous ones, can allow 
assessing in competencies.  
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