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Abstract

A project involving innovation in university education is described in this paper. It
was implemented in a Computer-Aided Design (CAD) course on the Bachelor’s
Degree in Industrial Design and Product Development Engineering. Several studies
have been published about CAD curricula, yet to the best of our knowledge nothing
on applying Action Research (AR) to CAD teaching. The project was carried out over
a two-year period, after detecting that academic results were not very good even
when the course was not very demanding. In the first year, an experiment based on
the AR methodology was planned and put into practice. We took the figure of the
teacher-researcher as our own, owing to our conviction that teachers themselves
must study their own work and reflect on it critically. Encouraged by the good
results, throughout the following year, more changes were made in order to further
improve the learning experience. The main actions were to develop self-learning
material and to use rubrics for assessment, together with an increase in the level of
difficulty in some parts of the evaluation. A detailed chronological description of the
actions that were carried out, the implied motivations and both the expected results
and those actually obtained are presented.

Keywords: CAD, improving academic results, level of difficulty, Action Research
methodology
Introduction
The teaching of Computer-Aided Design (CAD) is such a broad field of study (Asperl,

2005) that there is no consensus about what to include in the curricula, since these dif-

fer depending on the degree and on the level and age of the CAD learners. Further-

more, some studies (Field, 2004) emphasise the importance of continuing evolution in

the training and educational needs of users of CAD systems. From the point of view

that today’s student is tomorrow’s engineer, descriptions have also been put forward re-

garding what CAD curricula should be like depending on the role CAD will play in the

student’s future (as a user, an application developer, a software developer or a CAD

manager) (Ye, Peng, Chen, & Cai, 2004). An analysis of the situation of CAD teaching

in Spain (Rubio Garcıa R, Gallego Santos R, Suárez Quirós J, Álvarez Peñın PI, 2005)

showed that, since the Organic Law of Universities1 came into force, each teacher uses

different methodologies and tools to teach CAD. In that study, the authors presented
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the results of a survey about different issues carried out on over 600 teachers. It re-

vealed that, in Spanish universities, there was no agreement on the desirable number of

students in the labs, the time to be dedicated to practical sessions, the CAD software to

be used or its type (parametric or not) or on the system of evaluation. Hence, the au-

thors classified the ways of assessing students into three groups: by means of practical

exercises that are delivered and revised on a weekly base; by means of a final examin-

ation in which the student has to solve a problem by using the computer to draw a so-

lution within a given time; or by means of an end-of-year assignment. The tendency

seemed to be to give more weight to students’ daily work than to the traditional final

examinations.

On the other hand, there are also several studies that deal with improving different

CAD-related abilities (spatial abilities, visualisation skills or the relationship between

2D drawings and 3D models) using different technologies and methodologies (Contero

M, Naya F, Company P, Saorín JL, 2006; Contero M, Naya F, Company P, Saorín JL,

Conesa J, 2005; Plumed, Calleja, Varley, & Martin, 2013). Furthermore, Rossignac

(2004) presented some particular examples of teaching CAD based on what he calls

education-driven research (EDR). In these examples, new concepts are introduced by

mean of analogies or metaphors; expressive notation and evocative names are used to

facilitate memorisation, and the focus is placed only on essential aspects, thereby sim-

plifying concepts until they are well understood.

One interesting aspect of teaching CAD (Chester, 2007) is the difference between

command knowledge (knowing the tools provided by the software and the procedure

for using them) and strategic knowledge (knowing the methods that can be used to

achieve a specific task and how to choose one of them), with strategic knowledge being

more effective in the development of CAD expertise, especially when no previous CAD

instruction has been provided.

Another important aspect in teaching CAD (Asperl, 2005) is the choice of software.

Often, CAD software applications have limitations (tools fail to work the way they

should, the user interface is not appropriate, the software is not affordable for students,

and so forth) that impose a specific way of working.

Knowing exactly how knowledge is transferred and what way of teaching is best for

each type of competence will almost certainly lead to an improvement in CAD educa-

tion. Teaching and researching, understood as an integrated activity, gives rise to the

figure of the teacher-researcher. This figure was first noted by Stenhouse (Rudduck &

Hopkins, 1985), a British pedagogue who argued that action research refers to the re-

search conducted by teachers on their own practice in order to find ways to improve

students’ learning. Teachers’ research, he claimed, should also aim to make a contribu-

tion to the theory of education that is accessible to other teachers and enters into the

critical discourse of the profession (Groundwater-Smith & Mockler, 2011).

Rudduck and Hopkins (1985) developed a paradigm of action research that aimed to

“demystify and democratise research”, as a response to their perception that educa-

tional research was not contributing effectively to classroom practitioners. It seems

pretty clear to us that the best contributions that research in education can make are

the contributions that can be transferred to actual educational practice. Although this

methodology is well known in the field of Social Sciences, it is still little known in most

technological areas such as Engineering (Marqués Andrés & Ferrández Berrueco,
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2011). The Action Research (AR) methodology (Marqués Andrés & Ferrández

Berrueco, 2011; Riel & Whitehead, 2011; Riel, 2010) implies following five phases

throughout its implementation: identifying the focus, i.e., what we want to improve;

analysing the problem or the issues than can be improved; developing an action plan

with indicators to measure the impact of the action; carrying out the actions; and, fi-

nally, observing and reflecting upon it by analysing the data collected. Successful indi-

cators would point out that the planned action has obtained the expected outcome.

This article presents a case study in which the AR methodology was applied to a

CAD course in a particular context (available software, degree, size of lab groups, and

education programme). The course is taught to students in the second year of the

Bachelor’s Degree in Industrial Design and Product Development Engineering at Jaume

I University (UJI) in Castellón, Spain. It has been taught for three years since the degree

started in the 2011/2012 academic year. The project described here was carried out for

the two years following the start of the degree, after detecting that the academic results

in the first year were not very good even when the level of difficulty of assessment ac-

tivities was not very high. This situation is not a desirable one for a committed teacher.

In the first year of its implementation (2012/2013), an experiment based on the AR

methodology was planned and developed. Encouraged by good results, throughout the

second year of its implementation (2013/2014), more changes were made in order to

improve the learning experience. A detailed chronological description of the actions

carried out, the implied motivations and both the expected results and those actually

obtained are presented. Our focus was on finding methodologies to improve academic

results while increasing the level of difficulty. If academic results improve, despite a

higher level of difficulty of the assessment activities, the learning experience will be bet-

ter and the target competences will be achieved. Even though the applied AR method-

ology aims to detect local needs, the changes in methodology and evaluation that have

been made are based in the principles of the most ingrained pedagogical theory of

knowledge: constructivism, in its different forms (Coll, 1996). We have taken from Pia-

get the idea that humans have to create their own knowledge (Zaphiris & Ioannou,

2014), from Ausubel (1968) that we have to start from prior knowledge for learning to

be significant, and from Vygotsky (1978) the idea of scaffolded learning. Consequently,

our results can be applied to other subjects or situations to improve the learning ex-

perience. The main idea is to provide resources to help students achieve significant

learning by working on their own and by making their own efforts.

The action plan was intended to be carried out over two years: in the first academic

year, the focus was on the practical part, whereas in the second year, the focus was also

on the theoretical part. The indicators employed to decide whether the action imple-

mented worked as expected were the academic results (final marks) and the students’

perceptions of the planned actions and the teachers’ perceptions of the experiment.
Material and methods
The CAD course is taught in coordination with three other courses of the degree. The

global aims of the four coordinated courses, related to Technical Drawing and Graphic

Communication, are that students have to develop the following competences and

achieve the following learning outcomes:
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� Ability to apply spatial representation systems (multiviews and pictorial

projections), and graphic representation techniques.

� Knowledge of descriptive geometry and metric geometry.

� Ability to sketch, and ability to draw and model with CAD.

� Skills and capabilities for engineering technical drawings.

The first two competences, the ability to sketch and some skills for engineering tech-

nical drawings are worked on intensively in the first year of the degree, through two

one-semester courses (Technical Drawing and Graphics I & II). In the second year of

the degree, in the CAD I course, the one for which we created the experience described

here, students have to develop the abilities needed to draw with CAD applications and

to improve their skills and capabilities for engineering technical drawings, using mainly

the 2D drawing module of a CAD commercial software package. In the third year, the

aim of the CAD II course is to improve those same abilities and skills but instead using

3D modelling (virtual models of products in 3D or virtual prototypes).

The educational programme, or syllabus, of the course must follow certain rules with

regard to content, to time dedicated to specific activities (theory and lab classes, per-

sonal work) and to evaluation, which were approved in the initial definition of the de-

gree and could not be changed. The content can be summarised as knowledge of CAD

tools for generating, editing and sharing engineering drawings, as well as the develop-

ment of technical drawings with the 2D drafting module of a widely used commercial

CAD system. The study load of the course is 6 ECTS credits and Table 1 shows the

number of hours set per activity, including both class attendance and personal work.

Finally, with regard to the assessment of the students, the degree establishes a max-

imum weight of 20 % of the final mark for practical assignments carried out at home,

which implies that at least 80 % of the final mark has to be achieved through exams.

Within this context, we have detailed the CAD I curricula in a more specific list that

includes typical drawing aids of CAD systems, coordinate systems and geometric trans-

formations of figures, primitives in CAD (groups, layers, advanced primitives such as

patterns, text and tables), graphic formats, storage and exchange of information, di-

mensioning and parametric drawing, curves, schematic drawings, project drawings and

an introduction to 3D.
Table 1 Activities scheduled for the CAD I course

Activities Classroom
hours

Personal
work hours

Specific activity (proposed by teachers)

Theory 12 0 Theory sessions (12 x 1 hours/week)

Practical part (laboratory)
and Tutoring

37 + 1 0 Practical sessions (≈13 x 3 hours/week)
including project tutoring

Evaluation 10 0 Practical evaluation (2 x 3 hours) + Final Exam
(4 hours)

Personal work 0 60 Weekly voluntary exercises (14 weeks x 2.5 hours/
week) + Graphic Project (25 hours)

Exam preparation 0 30 Theoretical concepts study, solving previous
year’s exams

Total hours (number
credits * 25) = 150

60 90
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Table 1 also shows the methodology we followed for each time period and activity.

Time spent on attending classes consists of theory sessions presenting general concepts

of CAD according to the detailed curricula, and the related practical sessions where

those concepts can be applied. The software used is AutoCAD©, which is available at

the university with a campus licence and students can also have a legal copy through

the university. In the practical sessions, certain problems are proposed, the commands

of the program needed to solve them are presented, and the different ways of solving

them are discussed in terms of efficacy to ensure that strategic knowledge can be

achieved. Personal work at home includes weekly voluntary exercises (similar to the

problems proposed in the lab session) and a mandatory graphic design project, in

which technical drawings of an assigned existing product have to be produced (Fig. 1)

as an end-of-year assignment.

Given that the weight of the exams in the final mark is so high, there are two mid-

term practical ones and a final theory and practice one. Hence, the final mark is com-

posed of the mark obtained in the exams and the mark for the graphic project.

During the course prior to carrying out the project, several issues were found:

� Listening to the students, it became quite clear that there was a shortage of

learning material.

� From the results obtained, especially the graphic design projects handed in, it was

easy to deduce that these results were unsatisfactory, even though the level of

difficulty of the assessment activities was not very high.

Hence, we felt compelled to do something. It is important to note that we did not feel

compelled to do something because of the desire for students to have good grades. Like
Fig. 1 Example of a technical drawing from a graphic project (reproduced with the student’s permission).
The product selected is a toy car powered by a friction motor
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Ken Bain (Bain, 2007), we do not consider good teachers to be those who prepare their

students well for an exam, but instead those who expect their students to achieve valu-

able learning, and that is what we pursue. In the first year of the experiment, we fo-

cused on the practical part and greater importance was given to the graphic project in

order to reach the desired competences. Both the practical part and the graphic project

bear a closer relationship to real problems that students are likely to find in their pro-

fessional lives.

Our five AR phases were as follows:

Our aim was to find methodologies to improve academic results while increasing the

level of difficulty of the assessment activities. If academic results improve, despite a

higher level of difficulty, the learning experience will be better and the target compe-

tences would probably be achieved (phase 1).

On analysing the problem (phase 2), the action plan (phase 3) was intended to be de-

veloped over two years. In the first year, the focus was on the practical part of the sub-

ject, whereas the second academic year also focused on the theory part.

Basically, two actions were carried out (phase 4): making changes in the methodology

and increasing the level of difficulty of the assessment activities. From the results ob-

tained, an in-depth reflection was made (phase 5) and the conclusions shown in this

work were drawn.

Changes in the methodology were taken into account by providing the students with

more learning resources. Throughout the first year, some tutorials (Fig. 2) were devel-

oped for the practical sessions as learning support material. More than 25 tutorials
Fig. 2 Example of a tutorial provided for the practical sessions. Content is not relevant due to its specificity
on the CAD I subject. It is shown in order to point out the methodology used in solving problems. The
steps always follow the same pattern: statement of the problem, strategy to solve the problem, detailed
procedure and conclusions to highlight important learned things to remember. The tutorials were provided
in pdf format and each rectangle in this figure corresponds to a page of the pdf
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were produced, ranging from 9 to 38 pages. Each tutorial formulates a problem and ex-

plains a strategy to solve it and how to do it step by step, emphasising the use of the

most appropriate tools in CAD software to achieve it in a more efficient way. Thus, the

students could work on their own. They could also review those aspects that had been

practised in class. Hence, the action developed was aimed at giving students more in-

formation to allow them to undertake self-learning. The experiment focused on con-

structivist learning, self-learning and meaningful learning (Novak, 2004) through

solving problems/real cases (Coll, Mauri, & Onrubia Goñi, 2006) as methodologies to

produce improvements. This should presumably lead to higher academic performance.

Encouraged by the good results obtained in the practical skills in the first year (for a

description, see below under Results), the second year of the study was devoted to im-

proving the theoretical skills, also by creating more material or improving it. More than

15 detailed documents were produced, ranging from 15 to 59 pages. In this case, be-

sides the written support for theoretical classes, weekly online self-correcting question-

naires (Fig. 3) were developed as a support to the continuous learning of theoretical

concepts.

Furthermore, as supplementary material to help in focusing on the objectives, in the

first year, the assessment criteria for the practical exams were clearly specified and ex-

plained to students, and in the second year, a rubric for the assessment of the graphic

project was also provided (Fig. 4), together with the formulation of the project in order

to better guide its execution. It has already been demonstrated that it is of utmost im-

portance to specify the assessment criteria clearly (Sanmartí, 2007).

Regarding the second action carried out, we increased the level of difficulty in two di-

rections, by means of insisting on higher quality in the graphic project and also by re-

quiring a minimum mark.

In the first year of its implementation, we increased the difficulty of the assessment

activities, both in terms of the quality of the graphic design project and in the exams.

The level of difficulty for the project was increased by requiring more quality and con-

tent and, in the exams, by requiring a minimum mark of 4 out of 10 in each part. In

the second year, the requirement of 4 out of 10 was also added in the project.
Fig. 3 Example of some of the questions on the weekly online self-correcting questionnaires (12 questionnaires
with 7 to 14 questions in each one)



Fig. 4 Rubric for the Graphic Project
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To encourage the students, a higher weight was given to the project in the final mark

by increasing the percentage up to the maximum allowed, that is to say, 20 %. All these

conditions are listed in Table 2.

Objectivity was taken into account by triangulating data when establishing the indica-

tors to decide whether the actions implemented gave the expected results: academic

outcomes (final marks), students’ perceptions of the planned actions and teachers’ per-

ceptions of the experiment.



Table 2 Evolution of assessment over the years of implementation

First call (January) Second call (June)

Year PE
(%)

GP
(%)

TP
(%)

PP
(%)

Additional
requirements

PE
(%)

GP
(%)

TP
(%)

PP
(%)

Additional
requirements

Previous
year

10 10 32 48 32 68

First year 10 20 25 45 TP ≥ 4 25 75 TP ≥ 4

PP ≥ 4 PP≥ 4

Second
year

10 20 25 45 TP ≥ 4 20 25 55 TP ≥ 4

PP ≥ 4 PP≥ 4

GP ≥ 4

PE Practical exercises during course (2), GP Graphic Project
TP Theory part of the final exam, PP Practical part of the final exam
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In the case of academic outcomes, an increase in the number of students who pass

or an increase of marks would indicate that the actions implemented gave the expected

results. First, Pearson’s Chi Square tests (Siegel, 1988) were applied to check significant

differences in the percentage of students who did or did not pass in the different years.

Second, the final marks neither follow normal distributions for the years of implemen-

tation (before or after the experiment) nor present homogeneity of variances. There-

fore, instead of an ANOVA, a Kruskal-Wallis test (Siegel, 1988) was performed to

check whether the distribution of the final marks in the three years was significantly

different (dependent variable: the final marks obtained [best mark of each call for all

the students, those who passed or not]; independent variable: year of implementation).

The students’ and the teachers’ perceptions were also taken into account. A survey

was conducted in order to include the students’ perceptions. The questions included

dealt mainly with the usefulness of the learning materials provided and their opinions

about the methodology as a whole. In particular, three questions asked about the tuto-

rials of the practical sessions, three about the graphic project and three about the on-

line self-correcting questionnaires. A Likert scale from 1 to 5 was used. Furthermore,

open-ended questions were included for all the three aspects and for the midterm

exams. All the teachers of the course (three or four depending on the year) had previ-

ous and ongoing meetings to coordinate methodology and evaluation criteria and,

above all, a final meeting to discuss their individual perceptions about the implementa-

tion of the experiment.

Results
Data obtained from the three viewpoints are presented below.

Figure 5 shows a graph with the percentage of students who passed (out of those

who took the exams). An initial Pearson’s Chi Square test, with the three years and the

number of students who passed or failed, produced a significant value of p = 0.049 indi-

cating that a significant statistical difference exists. Therefore, to check which years

were different (post-hoc), three subsequent Pearson Chi Square tests were performed

including each pair of years (to have 2×2 contingency tables). The significant values

were 0.017 for Previous/First Year, 0.724 for Previous/Second Year, and 0.042 for First/

Second Year, which means that statistical differences in the percentage of students that

passed the exams exist between the first year of implementation and the other two.



Fig. 5 Graph of the percentage of students (out of those who took the exams) who have passed over
the years
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Table 3 shows descriptive statistics of marks across the years of implementation. The

results of the Kruskal-Wallis test showed significant differences in the statistical distri-

bution of the marks between the previous year and the other two. The significant

values were <0.001 for Previous/First Year, <0.001 for Previous/Second Year, and 0.821

for First/Second Year. The existence of significant differences between the previous

year and the other two years of implementation can be inferred.

Besides the academic results, especially the final marks, two more indicators were

also considered: teachers’ observations and students’ perceptions.

Figure 6 shows the results of the survey conducted on the students, aggregated by

methodology (practical tutorials for practical sessions, graphic project and the ques-

tionnaires for theory concepts): the confidence interval of mean opinions over the two

years of the implementation of the plan.

The open-ended questions also offered some good insights. The main complaint

reflected in them was about the (according to them, still too small) weight of the pro-

ject in the final mark.

Discussion
From the results obtained and in relation to the first indicator, it can be observed that

the percentage of students who passed at all the exam calls increased significantly in

the first year of implementation (Fig. 5 and statistical test). However, the percentage of
Table 3 Descriptive statistics of marks: mean and standard deviation, along with quartiles for all
students (those who passed and those who did not, considering their best mark in both calls)
based on a total of 10 points

Year Mean SD P25 P50 P75

Previous year 5.2 1.2 5.0 5.3 5.9

First year 5.9 1.2 5.1 6.1 6.7

Second year 5.9 1.5 5.0 6.0 7.0



Fig. 6 95 % CI for the mean of the questionnaire. The scale was a Likert scale from 1 to 5
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students who passed at the first call in that case was reduced, probably due to the new

requirement of the minimum mark of 4 in the theoretical exam without any additional

support and the higher level of difficulty in the exam. For the second year of the experi-

ment, the level of difficulty in the theory part was increased, because we expected a

better result on the weekly online questionnaires. The number of students who passed

increased in comparison to the previous year, but decreased if compared with the first

year. This result reinforces the idea that the changes made produced a benefit because

of a significant increase of the students who passed among those who took the exam,

especially in the first year of the implementation.

Also worthy of note is that despite the more demanding requirements, the percentage

of students who passed and the average mark both increased as a result of the imple-

mentation of these methodologies. However, what attracts the most attention in this

case is that the standard deviation increased in the second year. This may be due to a

different reaction of the students when increasing the level of difficulty: those who

make a greater effort get higher marks, but those who do not get lower ones; hence

there is more variation in the marks. The results from the Kruskal-Wallis test, showing

significant differences between marks of the previous year (before the implementation

of the experiment) and marks of the first and second years (after the implementation of

experiment) reinforces the fact that the experiment carried out produced significant

improvements.

The results are in accordance with the ones expected according to literature. The ac-

tions carried out tried to support students by means of scaffolding their learning

(Vygotsky, 1978) by facilitating ways to create their knowledge. Our purpose was far

from simply giving the students knowledge to be accepted and memorised. Instead, it

was to give them strategies and resources to make them create their own knowledge

and to enable them to use it to solve problems. In Piaget’s words: “… education means
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making creators… You have to make inventors, innovators—not conformists” (Bringuier,

1980). Actions taken in this sense seem to have worked properly.

If we take a look at the students’ responses to the survey, they indicate a clear accept-

ance of the methodology. It is stimulating to see that the students’ perceptions more or

less coincide with the teachers’ perception. The teachers observed an improvement in

receptivity to the subject by the students and a clear improvement in the level, which

was reflected above all in the project in which the level of quality increased, as more

complicated products were successfully represented (as can be seen in Fig. 1). Obvi-

ously, the students’ higher implication and effective work achieved with these actions

have been accompanied by a great deal of effort by the teachers. We strongly believe

that good levels of coordination among teachers, hard work in preparing valuable ma-

terial or a thorough description of the evaluation criteria are some of the key points for

success. However, all this hard work is highly rewarded when an improvement in the

quality of learning and an increase in the students’ satisfaction are observed.
Conclusions
From the experiments carried out, it can be deduced that the methodology employed

has produced the expected effects, which means an improvement in academic results

despite a higher level of difficulty of the assessment activities. It is remarkable that the

perception that students have of the subject has also been improved. Although the ex-

perience has been developed in teaching CAD, the methodology may be applied to any

specific subject or country.

As a final conclusion we would say that by:

� Providing varied self-learning material

� Detailing evaluation criteria in each part (including the use of rubrics)

� Requiring a higher level (quality, complexity)

� Demanding minimum marks, but giving a mark for everything

better academic results can be achieved, together with a good level of appreciation by

students.
Endnotes
1The Organic Law of Universities came into force in 2001 in Spain for defining,

among other aspects, the rules for Spanish Universities to adapt their degree courses to

the requirements of the European Higher Education Area (Bologna Process).
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