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Abstract— Excellence is one of the goals of Higher Education. 
One possible way to achieve this objective is by applying a 
culture based on the concepts of quality and innovation. 
However, the real-world application of these concepts in Higher 
Education teaching is a difficult task. In this paper, we present a 
Web tool to help teachers apply a code of good teaching practice 
based on the aforementioned concepts. This code has been used 
for several years in Electrical Engineering, Electronics and 
Computing courses, although it could be applied to any other 
area. To assess this code, objective and external metrics have 
been used. Results show that the code helps to improve students’ 
satisfaction as well as their academic results. Teachers’ views on 
the code are also moderately positive. 

Index Terms— Real-world evaluation, good practice, teaching, 
quality, innovation, engineering. 

I. INTRODUCTION 

he concept of excellence has acquired great relevance in 
the university environment. Excellence in this field can be 

analyzed from different perspectives [1]. Although they can 
be considered separately, all of them have important points of 
convergence. In this regard, we can distinguish among 
excellence in teaching, excellence in university management 
and excellence in research and knowledge transfer. Although 
university excellence includes all processes involved in the 
educational activity and covers all grades and levels, teaching 
excellence is more related to the teaching-learning process in 
the classrooms and laboratories (either virtual or physical). 

The concept of excellence is closely related to the concepts 
of quality and innovation. Thus, excellence in the academic 
environment can be achieved through the adoption of a culture 
that focuses on them. 
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With respect to the quality concept, one of the most 
common definitions is provided by Ishikawa [2]. He defines it 
as "philosophy, culture, strategy or management style of a 
company, in which all people study, practice, participate and 
promote the quality continuous improvement". According to 
this definition, the application of quality concepts in the 
university environment does not only refer to students or the 
teaching-learning process but also involves teachers’ self-
organization, universities and faculties’ structure, all types of 
human resources (students, teachers, administrative staff), as 
well as society in general. Thus, quality cannot be considered 
in a limited way. Instead, an integral perspective must be 
provided, following the guidelines of all-pervasive quality [2].  

As regards the innovation concept, Anttila [3] relates it to 
new viable solutions for products, processes, business systems 
or technologies that can be adopted by companies, 
governments or society in general. In other words, innovation 
can be seen as improved quality. 

 Although the concept of innovation has been traditionally 
associated with the business environment, it can also be 
applied to other disciplines such as education. In this regard, 
one of the tools to improve education quality is the use of 
innovative activities.  

However, teachers interested in this area do not usually 
know how to apply quality and innovation concepts in their 
daily activities. The answer to this question is not simple, but 
a first approximation is to use popular standards about 
organization management (SQuaRE, ISO / IEC 19796, UNE-
ISO 10002: 2004, UNE 66167: 2005, UNE 66173 IN: 2003 
UNE 66175: 2003 and UNE 66178: 2004) [4]. The main 
difficulty lies in the way to apply these standards to the 
education field. One possible way is through a code of good 
teaching practice based on quality and innovation concepts 
[5].  

However, the practical application of this code can be a 
challenge for university teachers. Its use in a real-world 
environment presents difficulties, since the code consists of 
different categories and processes, document management 
tasks and data collection activities. Therefore, in order to 
facilitate the practical application of this code, it is necessary 
to have a support tool that helps teachers in their daily work. 
In this paper, we present a Web-based software tool that 
implements the code of good teaching practice based on 
quality and innovation concepts and facilitates its practical 
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use.  
The rest of the paper is organized as follows: a review of 

studies in this area is included in section 2; section 3 describes 
the code of good teaching practice based on quality and 
innovation concepts; section 4 presents the methodology 
followed to implement the software application to support the 
use of the code; section 5 presents the structure of the Web 
platform; the use of the tool is explained in section 6; section 
7 presents a preliminary real-world evaluation of the code; 
and finally, section 8 draws several conclusions and outlines 
areas for future research.  

II. RELATED WORK

The results of the literature search present two different 
trends in existing studies [5].  

On the one hand, an important part of the literature focuses 
on the application of quality concepts in education. Thus, in 
Rexwinkel et al. [6], the factors that determine quality in 
university education are identified. Meanwhile, Biggs [7] 
proposes a new educational approach called “constructive 
alignment”, in which learning is based on the accumulated 
personal experiences of students as a result of their actions. 
Teachers’ work is to propose activities to achieve specific 
learning goals. All these ideas are related to a quality-based 
planning. There are also studies that put forward models to 
manage and evaluate the quality of university education, such 
as Chen et al [8], which uses the Plan-Do-Check-Act cycle. 
Another set of studies focuses on evaluating the complexity of 
applying quality systems in university environments. 
Remarkable works are those of Jethro et al. [9] and 
Pratasavitskaya et al. [10], which highlight the difficulties 
associated with the implementation of quality systems. They 
identify numerous existing factors and models with no 
connections among them. This hinders the management and 
the integration of quality systems.  

On the other hand, there are studies centred on innovation 
activities in higher education. An example of this trend is 
reflected in the work of Laurillard [11], which describes 
innovative activities in the university environment based on 
the use and design of learning technologies. Meanwhile, other 
studies highlight both the importance of including education 
in innovation as a key element to enhance talent [12, 13], and 
the importance of human capital for innovative environments 
[14]. There are also other studies that expand the perspective, 
and bring innovation to all aspects of higher education. They 
also provide some guidelines for promoting innovation in 
education. What all these studies have in common is that they 
consider the complexity associated with the implementation of 
innovative processes in education.  

Despite the close relation between the concepts of quality 
and innovation in education, there are very few studies which 
treat them jointly [15]. In this regard, the work of Militaru et 
al. [16] analyses the quality and innovation factors that play 
an important role in the sustainability of the education system. 
These factors are related to creativity and generation of new 
ideas. Thus a conceptual model for sustainable higher 
education based on the union of ethics, quality, creativity and 
innovation is proposed. Furthermore, Van Kemenade et al. 

[17] argue that universities should be less dependent on 
governments and should have a greater presence of quality 
products and services through the application of new 
organizational forms and the promotion of the entrepreneurial 
spirit.  

All these works focus on applying simultaneously the 
concepts of quality and innovation in university education. 
However, none of them proposes the use of digital tools to 
manage the application of these concepts since they target 
theoretical formulation of models rather than real-world 
implementation. For this reason and considering that the 
application of these concepts is a complex process, there is a 
need for a software tool that facilitates systematization and 
real-world use. 

III. CODE OF GOOD TEACHING PRACTICE

The code of good practice developed states the points and 
methods to be considered in all areas of teaching: planning, 
daily teaching, evaluation, teaching continues improvement, 
etc. It also incorporates the concepts of quality and innovation 
in all stages in order to conform to existing standards as much 
as possible.  

As both quality and innovation have been regulated through 
standards, the UNE 66931 standard has been considered as the 
basis, adopting a process-based approach. According to this 
standard, it is essential to identify the processes of the code 
and the relations among them. In this regard, the processes 
involved in this code are grouped into three categories, 
following the proposals of Hines and Taylor [18]. These 
categories are: operational processes, strategic processes and 
support processes.  

For each one of these categories, several associated 
processes have been defined which cover the entire 
educational cycle. Thus, the processes associated with the 
category of operational processes are: specific planning, 
teaching, evaluation and closing of the school year. As for the 
strategic processes category, the following processes have 
been identified: management, advanced planning and 
continuous improvement. Finally, the support processes group 
includes the following: resource management, documentation 
management, problem solving and quality.  

The processes and the relations among them are represented 
in a process map. In addition, each process is described in a 
document called process sheet, which includes the following 
points: person in charge of the process, activities, records, 
resources, relations with other processes, etc. A graphical 
summary of the process sheets is contained in the flow 
diagrams, which include the most relevant information 
schematically. 

All these elements represent and describe the code. 
However, the practical application of the code in daily 
teaching is done by filling in a set of records. Each process 
has several associated records. A record is a document which 
contains several fields to confirm that the code of good 
teaching practice is being applied and to ensure that it is 
correct. Therefore, the process map, flow diagrams, process 



SAINZ-MARTÍN et al.: PROPOSAL TO APPLY A CODE OF GOOD TEACHING PRACTICE IN ENGINEERING 3

sheets and records make up the code of good teaching practice 
based on quality and innovation concepts (Fig. 1). This code 
has already been applied for several years in courses of 
Electrical and Electronics Engineering. As a result of this 
experience, it was found that the practical application of the 
code can be hard and time-consuming. Thus, a computer tool 
is required that helps in the daily use of the code in university 
environments. 

Fig. 1.  Structure of the code of good teaching practice. 

IV. METHODOLOGY

In order to facilitate the daily use of the code, a software 
application has been developed. The application includes all 
levels of the code: from the process map to the records 
management. This application aims to: (i) facilitate that 
teachers of any institution have access to the code, (ii) 
improve code intelligibility and (iii) provide a support tool for 
the daily application of the code [5]. For the design of the tool, 
several principles regarding both the architecture of the 
application and its real-world use have been considered. These 
principles are:  

1) Universality: The tool is intended for teachers of any
area. 

2) Ease of use: As this tool can be applied in the teaching of
any discipline, usability recommendations have been followed 
for its design [5]. For example, all pages follow the same 
pattern, each process includes a graphic and text description, 
the colours of the application are intended to ease the use, etc. 

3) Standardization: The application has been designed
according to quality and innovation standards [5]. 

4) Accessibility: A Web application has been designed in
order to be accessed from any place with Internet connection. 

5) Privacy: The Web application includes a public area
with the code information and a private area in which teachers 
can upload and manage their custom records. 

6) Customization: The application supports different file
formats. It also provides several record templates. Teachers 
may choose to use them or include their own personal formats. 
Thus, the application can adapt to each particular case. 

V. APPLICATION ARCHITECTURE 

The application to manage the code of good practice has 
been developed following the Model-View-Controller (MVC) 
design pattern [19]. In this way, a dissociation of the layers 
forming the platform is achieved. The function of each layer is 
the following [5]: 

- Model: The model is responsible for managing the storage 
of data (records in this case). 

- View: The view is the application interface with the user. 
- Controller: The controller is the central layer of the 

system. It receives the requests from users, asks the model for 
the requested information and shows it back to the user.  

The combination of these three layers results in the final 
Web application: the Web-based code of good practice based 
on quality and innovation concepts. 

VI. USE OF THE CODE OF GOOD TEACHING PRACTICE

This section describes the Web tool to support the 
application of the code of good practice [5]. Fig. 2 represents 
a general diagram of the Web application. The central part of 
the scheme includes the home page. From this page, different 
sub-pages related to each one of the processes are derived. On 
a third level, associated with each page of the processes, there 
is a new set of pages in which teachers can store the records 
related to the processes.  

Firstly, when a user accesses the application, he/she can see 
the process map, which represents all code processes and their 
relations (Fig. 3).  

Fig. 2.  General structure of the support Web application. 
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Fig. 3.  Homepage of the application with the process map. 

The processes are grouped into the three categories 
previously described. Teachers can click on each of them, and 
the application displays the page associated with the process 
(Fig. 4). Each page has a header with a title, a brief 
description, a link to download the process sheet with the 
detailed description, a flowchart and a set of records to be 
filled in by teachers.  

By filling in those records, teachers can systematize and 
document the application of the code. The documentation 
management is done in the private part of the application, 
which requires previous authentication (Figure 5). In this area, 
teachers can download the templates associated with each 
record, fill them in and save them in the application. They can 
also list, download, edit and delete the records stored. Thus, 
the application includes a documentation management system 
associated with the real-world use of the code. Consequently, 
teachers are provided with a support tool for an efficient 
application of the code in daily teaching, minimizing the 
efforts required.  

It is also worth mentioning that this tool provides high 
levels of flexibility in order to adapt to the teachers’ needs. 
Thus, if a particular teacher considers that a process is not 
applicable to a specific context, he/she can avoid its use by not 
filling in the associated records. Similarly, if a particular 
teacher considers that the proposed records do not match 
his/her needs, he/she can replace them with personalized ones. 
These new records can be included in the personal private part 
of the tool. Additionally, the records uploaded can be 
modified at any time. 

In order to use the support Web application, teachers should 
plan their course strategy. To this end, they should consider 
the processes that have been defined as strategic: 
management, advanced planning and continuous 
improvement. Then, a common case for a school year would 
be determined by the operational processes: specific planning, 
teaching, evaluation and closing of the school year. These 
processes have to be accompanied by the support processes: 

resource management, documentation management, problem 
solving and quality. 
 

 
Fig. 4.  Screenshot of the application flow chart associated with the "Final 
Evaluation" process. From this screen, teachers can download the process 
sheet (top right link) and the corresponding records. 

 

 
Fig. 5.  Private part of the application with different records (shown as an 
example) associated with a particular teacher. Records are related to the "Final 
Evaluation" process. 

VII. EVALUATION OF THE CODE OF GOOD TEACHING 

PRACTICE 

As a real case study, this code of good practice has been 
applied to the "Fundamentals of Digital Systems" (FSD) 
course of the Degree in Computer Engineering at the 
University of Zaragoza (Teruel, Spain) [20]. FSD is a 60-hour 
course, 40 hours of classroom sessions and 20 hours of 
practical problem solving. The main objective of the course is 
to "provide the knowledge and skills needed to understand 
and use modern digital electronics, which is the basis of 
computer technology" [15].  

In order to evaluate the application of this code in FSD, 
quality criteria have been used. In this regard, external and 
objective data obtained from different assessment tools have 
been considered. Specifically, these sources are [15]: 

-  The institutional external evaluation conducted by the 
"Commission of Teaching for the Evaluation of 
Educational Activities" of the University of Zaragoza. At 
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the end of each semester, a member of the School board 
distributes a set of questionnaires to students in order to 
assess different teaching aspects. Each item is evaluated 
with a score from 1 (very poor) to 5 (outstanding). The 
University Teaching Commission processes the results 
and sends them to teachers. 

-  Students’ academic performance. 

The code of good practice has been evaluated using these 
sources. As the final goal is to improve the quality of 
teaching, which is related to the students’ perceptions of the 
course, several aspects associated with students’ satisfaction 
and academic performance have been considered. This 
evaluation was performed in two different periods of the 
school year:  

-  Before applying the code of good practice in daily 
teaching. 

-  After applying the code of good practice. 
Specifically, the aspects that have been evaluated are: 
A) Students’ satisfaction: Students’ perceptions of

teachers’ knowledge of the course and  students’ perceptions 
of the teaching activities. 

C) Lesson preparation.
D) Academic performance: Performance rate (percentage of

enrolled students who passed the course) and Success rate 
(percentage of enrolled students attending the classes who 
passed the course). 

Additionally, as both the implementation of the code and 
the use of the support Web application involve teachers, a 
preliminary assessment has also been conducted to determine 
whether or not the Web application represents an 
improvement in the practical use of the code. Six teachers 
were involved in the evaluation. They belonged to the 
Departments of Electrical Engineering, Electronics and 
Communications and Computer Science. All teachers had 
prior experience in the application of the code without web 
support. In order to carry out the assessment, the System 
Usability Scale (SUS) has been used [21]. This is an 
internationally accepted model to assess the degree of 
usability of a tool taking into account users’ feedback. 
Specifically, the SUS questionnaire included ten questions 
evaluating five items. It has two questions related to each 
item, so that each question addresses the same idea in an 
antagonistic way: 
− Satisfaction: A) I think I would use this application 

frequently / B) I found the application unnecessarily 
complex. 

− Ease of use: A) I thought that the application is easy to 
use / B) I thought that the application was difficult to 
use. 

− Integration: A) I found the different functions of this 
application well-integrated / B) I thought that there was 
too much inconsistency in this application. 

− Learning: A) I think that most people learn how to use 
this application very fast / B) I think that I need support 
from technicians to use this application. 

− Security: A) I feel very safe with the application / B) I 
have to learn many things before I can handle this 
application. 

Each question is rated on a 1-5 scale where 1 means 
“Strongly Disagree” and 5 means “Strongly agree” in 
questions A of each item, and just the opposite in questions B. 
Once teachers filled in the questionnaires, the average rating 
for each item was calculated, and the equivalent value on the 
0-100 scale was obtained. This value has to be interpreted 
according to Fig. 6. 

Next subsections analyze the evaluation results. 

Fig. 6.  Qualitative equivalency of SUS quantitative scale. 

A. Student satisfaction 

As a result of applying the code of good practice based on 
quality and innovation concepts, the overall level of students’ 
satisfaction increased. Figure 7 shows the students’ 
assessment of the item "Perception of the teacher’s knowledge 
about the course" before and after applying the code of good 
practice. The results show that the application of the code had 
a direct effect on the students’ perceptions of teachers’ level 
of mastery about the course. In fact, students gave top marks 
to this item.  

As a complement to this analysis, Fig. 8 presents students’ 
overall level of satisfaction. The results clearly show that the 
level of satisfaction increased. Students’ scores are between 4 
and 5 after introducing the code. 

B. Lesson preparation 

Fig. 9 shows the results of evaluating the item "Lesson 
preparation" As in the previous cases, a clear improvement 
can be observed. In this regard, it is possible to conclude that, 
as a result of systematizing the teaching activities, the 
planning of the course improved, which was clearly perceived 
by students. 

C. Academic results 

Fig. 10 shows the evolution of two academic metrics 
(success rate and performance rate). In view of the results, it is 
possible to conclude that the two indicators improved after 
applying the code in daily practice. This increase was 
particularly significant in the success rate, reaching 15.3% of 
improvement. 

D. Preliminary assessment of the Web application 

Fig. 11 shows the results of the SUS questionnaires filled in 
by teachers to evaluate the support Web application. 
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Equivalence 
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Questions related to the satisfaction with the use of the tool, 
the integration of its functions and the ease of the learning 
process achieved a rating in the range of “Good” according to 
the SUS scale. The most highly valued feature was the ease of 
use, in the range of “Excellent”, while the perceived security 
in use was less highly valued, in the range of “Acceptable”.  

Additionally, teachers elaborated a list with the advantages 
of using the Web application to apply the code in daily 
teaching. Among other points, they highlighted the ease in 
organizing information, the time optimization, the possibility 
to access the code records from any place and the positive 
contribution to the easy elaboration of the reports to renew the 
official accreditations of the Degree and Master studies.  

They also made another list with the aspects to be 
improved. Most teachers stressed the need to include the 
option of sharing documents between several teachers as well 
as between various processes. 

Fig. 7.  Teachers’ level of knowledge of the course on a 1-5 scale. 

Fig. 8.  Overall level of students’ satisfaction on a 1-5 scale. 

Fig. 9.  Evaluation of the item "Lesson preparation" on a 1-5 scale. 

Fig. 10.  Percentage of enrolled students who passed the course (performance 
rate) and percentage of students’ following the course who passed it (success 
rate). 

Fig. 11.  Results of the usability analysis conducted by the pilot teachers. 

VIII. CONCLUSIONS AND FUTURE WORK

The application of the code of good teaching practice in 
daily activity is a complex task since it involves many 
processes and requires the documentation of activities. In 
order to ease its use, a Web software tool that supports the 
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application of the code has been presented. This tool is 
intended to systematize and facilitate the real-world 
application of the code at the university level.  

This paper shows the results of using this code in a 
particular course. For this purpose, several aspects regarding 
students’ satisfaction and academic results have been 
evaluated before and after applying the code. For this 
evaluation, objective external metrics have been used. Results 
of the evaluation show that all examined items improved after 
applying the code. As the code covers all aspects of the 
teaching process and follows quality and innovation 
standards, it is possible to state that it helps to systematize 
educational activities by applying good practices. The efforts 
performed had a positive effect on the teaching practice, 
which was perceived by students. Proof of this is that both 
satisfaction metrics and academic results clearly improved. 

From the teachers’ point of view, an important feature of 
the code is that it allows high levels of customization both in 
selecting the processes to be implemented and in selecting the 
time to fill in the records. In this way, the active participation 
of teachers is encouraged during use. Thus, the tool 
implemented should evolve in the future towards the 
interconnection between teachers, which could have a positive 
influence on the degree of teachers’ participation. In this 
regard, the platform should enable the exchange of custom 
templates and records between teachers as well as use their 
experience. In order to improve the teachers’ perceived 
security of the platform, explanatory messages could be 
included in order to guide teachers during use. 

A preliminary application of the code has been conducted 
in the course “Fundamentals of Digital Systems”. This is a 
starting point. As a future line of work, we expect to apply it 
to other courses in several academic areas, and to increase the 
number of teachers involved in the use of the Web application 
in order to have a larger test group.  

Another effort to be made in the near future is the 
generation of the records to be filled in by teachers in the 
Reusable Learning Objects (RLOs) format and support such 
records. A RLO can be defined as a digital resource designed 
in order to be reused by any interested teacher around the 
world. In this way, both optimization of efforts and 
knowledge sharing are promoted. It is also remarkable that the 
Web application supports documents in popular formats (doc, 
docx, pdf, odt, ods, xls, etc.) which do not have to follow a 
standardized structure. The future final goal is that teachers 
can share their own records with the entire educational 
community, promoting the spread and consolidation of the 
code as an integral educational tool based on quality and 
innovation. 
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