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Abstract

The teaching-learning process in a course of an engineering program should have the pretention to reach the highest cognitive levels as described by Bloom’s taxonomy of educational objectives. The National Student Performance Exam (ENADE – “Exame Nacional de Desempenho de Estudantes”) applied to the undergratuate students by the Ministry of Education (MEC  - “Ministério da Educação”) of the Federative Republic of Brazil follows clearly this directive. The students of engineering programs take a specific ENADE related to their acting area, which occurs in an evaluative cycle of three years.  Inside this context, this work describes the evaluation approaches applied at the Computer Engineering Program of the Positivo University. As an example, is presented the case of a specific course of the program, the Digital Systems Course, by means of which the direct and indirect evaluative process of the MEC, of the program and of the course are discussed in the form of its influence over the teaching-learning process. 
1.
Introduction
The engineering education in Brazil faces several challenges now (CORDEIRO et al, 2008), considering the importance of professionals in these areas for the development, and as a requisite for the XXIth century, the sustainable development (FORMIGA, 2010).

One of these challenges is to attract the high school students. Another is to reach an adequate formation to the students who choose the career.
The demand for higher education had increased substantially in the last decade (PELISSONE et al, 2008). The profile of these new students has required a continuous adjustment of the pedagogical approach of the programs. The professional profile of the programs is in under permanent reformulation also.  These adjustments must attempt the academic requirements of the University, manifested by the Politic-Pedagogic Project of the program (UNIVERSIDADE POSITIVO, 2011), the demands from society (FORMIGA, 2010) and to the requirements and evaluative requirements from federal government (Sistema Nacional de Avaliação da Educação Superior - SINAES, http://www.inep.gov.br/web/guest/superior-sinaes).

In this context, the teaching-learning process has many goals. In this work, we restrict ourselves to consider how the evaluation system of a course influences the process. We present as case the Digital Systems Course of the Computer Engineering Program at Positivo University (FERLIN et al, 2010).
2.
Levels of Learning
The Bloom’s Taxonomy of Educational Objectives (BLOOM, 1956), revised by Anderson (ANDERSON & KRATHWOHL, 2001), that defines a six-level hierarchy for the cognitive process. Each level of this structure represents a cognitive capacity. Organized in complexity crescent order the capacities are: remembering (factual level), understanding (to be capable of deals with concepts), applying (procedural level), analyzing, evaluating e creating. The last three capacities belong to the highest classification level, the metacognitive.
It is expected that higher education students reach the metacognitive level through the teaching-learning process. Then, some actions should be taken inside the courses seeking to close the gaps in this process. The politic-pedagogic project of the Computer Engineering Program (UNIVERSIDADE POSITIVO, 2011), that claims:
“the learning is evaluated observing if the student:  it comprehends and rebuilds the studied concepts; it establishes a relation between theory and practice; it argues with clarity and theoretical consistency; it reports the observed reality with clarity and reliability; it organizes and works cooperatively; it has clarity, objectivity and consistency in the re-development projects. The qualitative aspects will be emphasized, valorizing the student progress in terms of its creativity, application of acquired knowledge, capacity of synthesis, capacity of personal elaboration and the development of skills need both to professional practice and project management.”

Beyond the objectives defined at Program and University levels, there is the educational policy for the superior education defined by the Ministry of Education (MEC). The MEC had established by law the National System for Superior Education Evaluation (SINAES - Sistema Nacional de Avaliação da Educação Superior) (http://www.inep.gov.br/web/guest/superior-sinaes), that has as objective to measure the performance of the undergraduates. This inspection comprehends the programmatic contends, its skills and competencies. The SINAES evaluates all aspects around these axes: teaching, research and extension; social responsibility, faculty, facilities and others. Among the tools used for these purposes, there is the National Student Performance Exam (ENADE - Exame Nacional de Desempenho dos Estudantes) (VENDRAMINI et al, 2010). One of the striking features is that ENADE verifies the competence of the student through the issues that lead to Bloom’s cognitive levels (BLOOM, 1956).

Within this context, the following sections present a brief review of Bloom's taxonomy, the context of the Digital Systems Course in the Computer Engineering Program, and the actions undertaken in line with the educational process aiming at the levels of Bloom.
3.
The Taxonomy of Bloom
The Bloom’s taxonomy is a classification of a layered model of thinking according to six levels of cognitive complexity (FOREHAND, 2010). Figure 1 shows this classification under the review established by ANDERSON & KRATHWOHL (2001).
The classification levels are defined (FOREHAND, 2010) as:

· Remembering: Retrieving, recognizing, and recalling relevant knowledge from long-term memory.

· Understanding: Constructing meaning from oral, written, and graphic messages through interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining.

· Applying: Carrying out or using a procedure through executing, or implementing.

· Analyzing: Breaking material into constituent parts, determining how the parts relate to one another and to an overall structure or purpose through differentiating, organizing, and attributing.

· Evaluating: Making judgments based on criteria and standards through checking and critiquing.

· Creating: Putting elements together to form a coherent or functional whole; reorganizing elements into a new pattern or structure through generating, planning, or producing.
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Figure 1: Classification of thinking by Bloom (reviewed).
Source: http://www.odu.edu/educ/roverbau/Bloom/blooms_taxonomy.htm
Taking as reference the Bloom's taxonomy, the level of learning in higher education should seek to achieve the highest possible levels in this classification, assuming that a higher level of learning could mean a greater probability, at least from the technical view point, the student may take a proper role in the midst of a society that requires their participation. And to achieve these levels, the evaluation process should be consistent and demanding.

The next section presents the Digital Systems Course of Computer Engineering Program, and the efforts of the evaluation processes of this course seeking to raise the learning.
4.
The Digital Systems Course and its Evaluation Process
The Digital Systems Course has a total load of 160 hours per year in classroom, equally divided between theoretical and practical activities, organized in four quarters of 40 hours each. The overall goal of this course determines that the student should be able to create digital systems for solving real problems. That is, we intend to achieve the highest cognitive level defined by Bloom's taxonomy. The questions that arise: how to develop the teaching in this discipline to achieve the learning objective? How evaluation processes contribute to achieving each taxonomy level? The creation level is really achieved?

The evaluation system in the course consists of several activities, briefly described in Tables 1-4. This set of evaluations is organized in quarters, being composed of individual activities and activities in groups.
Table 1 – Digital Systems Course Evaluation Structure – First Quarter.

	Evaluation Component
	Type
	Weighting

	Quick test
	Discursive test (individual)
	10%

	Quarter Examination
	Discursive test (individual)
	40%

	Book’s Question
	Discursive test (individual)
	10%

	Workshop
	Practical activity (group)
	10%

	Laboratory Practice
	Practical activity (group)
	30%


Table 2 – Digital Systems Course Evaluation Structure – Second Quarter.

	Evaluation Component
	Type
	Weighting

	Quick test
	Discursive test (individual)
	10%

	Quarter Examination
	Discursive test (individual)
	50%

	Laboratory Practice
	Practical activity (group)
	30%

	Project
	Practical activity (group)
	10%


Table 3 – Digital Systems Course Evaluation Structure – Third Quarter.

	Evaluation Component
	Type
	Weighting

	Quick test
	Discursive test (individual)
	10%

	Quarter Examination
	Discursive test (individual)
	40%

	Book’s Question
	Discursive test (individual)
	10%

	Laboratory Practice
	Practical activity (group)
	30%


Table 4 – Digital Systems Course Evaluation Structure – Fourth Quarter.

	Evaluation Component
	Type
	Weighting

	Quick test
	Discursive test (individual)
	10%

	Quarter Examination
	Discursive test (individual)
	40%

	Laboratory Practice
	Practical activity (group)
	20%

	Final Project
	Practical activity (group)
	30%


The quarter examination has duration of two hours, typically. It is unique in every quarter and includes questions that seek to include all levels of Bloom's taxonomy, but it highlights the levels of Understanding, Application and Analysis. Usually at least one question inspired in ENADE style is present, and these (in the context of this course) reach the level of Analysis. The higher levels, when present, are the quantitative aspects (especially because the time constraint).

The quick test has a spectrum much more restricted, occurring up to two during the quarter. It has a duration of 20-30 minutes and is designed to highlight relevant contends along the quarter of its development. It usually reaches the lower levels of taxonomy, reaching the maximum level of application.

The laboratory practice is usually a moment of reflection of the theoretical content with a focus on practical aspects, but throughout the course includes minor problems that require the ability to design. In this case, generally it reaches the level of analysis; in some limited situations reach the level of creation.
In the workshop activity, the students organize themselves into groups and study a topic of review that requires strengthening, for example, the use of laboratory instruments. After a period of study and practice evaluation, there is a meeting where teams present their conclusions and make practical demonstrations for others. These activities can reach up to the level of analysis or, possibly, the level of evaluation when the team can establish relationships that go beyond the specific object of study and can establish relationships with its world of the professional practice.

The projects are the moments when, working as a team, it is expected effectively that the students’ development reaches the level of creation. However, it is common that several teams require a very intensive intervention by the professor. Often this intervention becomes so critical that the team's work, to achieve some success considering the deadline, is limited to a maximum level of analysis, sometimes even the simple application. This activity is usually interdisciplinary, in collaboration with a concomitant course.
The book’s question is used to force students to read books of non-technical literature. After all, the general culture is fundamental. This question reaches at most the level of analysis.
5.
Discussion and Conclusions
The previous section provides a description of the evaluation elements of the Digital Systems Course, where each element of evaluation is linked to the corresponding cognitive levels of Bloom's taxonomy. The question that must then be drawn is: at the end of the course, after the application of all evaluative procedures for verification of learning, is achieving the expected? The ideal is to achieve the ability to create. In a qualitative evaluation, the answer is that sometimes yes, sometimes not. Many students do not have acquired the maturity to independent thought that these levels require. However, the level of analysis, and the previous in the hierarchy, is common to those approved in the course.

One question remains: what factors are the main impediments to the vast majority of students reach the two higher cognitive levels? A qualitative analysis external to the course (for example, the orientation experience in Undergraduate Thesis) a response may be the time to maturity. Although the course has an annual structure, some students probably should have spent enough time on their studies and activities of the course. For others a lack in exposure to the laboratory activities and projects, because these activities are developed in a team could help explain this lack of maturity. It can be also noted that after the conclusion of this course and others subsequent, correlated or not with Digital Systems, the understanding expands. Concepts are matured. The relationship with new knowledge and expansion of the practice is amplified. The student begins to acquire a particular perspective from the program, which is still heavily influenced by practical needs such as internships and jobs, and personal interests.

Thus, we conclude that the ultimate goal of the course, which is to bring the learning level to the cognitive level of creation, is not fully achieved for most students during the course. However, a minimum level corresponding to the analysis is usually achieved, and the ones who are more concerned to reach the highest levels have support for it.
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