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PÉREZ and E. BLANCOMARIGORTA
Fluid Mechanics Area, Department of Energy, University of Oviedo, C/Wifredo Ricart s/n Gijón Asturias 33204 Spain.

E-mail: andresmf@uniovi.es

In this work, two different evaluationmethods are presented from laboratory sessions in the FluidMachinery and Systems

course of the BachelorDegree Program inMechanical Engineering: evaluation of technical reports (individual portfolio of

the students) and final test (single objective assessment). The statistical analysis of the data during the last five academic

years for 684 students reveals that the portfolio evaluation is less correlated with the final grade of the subject, showing

overrated marks with narrow dispersions. On the contrary, the final test evaluation exhibits a higher correlation with the

final grades, presenting a more representative distribution. The evaluation based in a final test is found to be more

significant, unbiased, more coherent and able to reduce the subjectivity observed in previous years with the reports-based

evaluation.
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1. Introduction

In the context of technical degrees, and especially in

the field of Engineering, it is common that the

different subjects conforming the curricula include

practical tasks in the organization of the face-to-

face learning activities [1–3]. The weight of these

practical activities in the final assessment of the

student depends on several factors such as the
degree of practicality of the subject, the module

the subject belongs to (mandatory or optional,

basic or specific, common-core or specializing),

the number of students and professors, or even the

type of degree (bachelor, master or doctorate).

Logically, depending on the weight assigned to

the evaluation of the lab sessions, as well as the

percentage of the course load they represent (as
much in the amount of students as in the amount

of objectives and associated learning results), the

system employed for their assessment will be more

or less thorough. In fact, the practical content of a

subject might be the fundamental core of evaluation

(i.e. when it is necessary to confirm that some

particular practical competences have been

acquired), or just a complementary part, when the
subject is more theoretical or conceptual. In any

case, the development of a methodology for the

evaluation of the practical contents of a subject is

a difficult and complex task. Firstly, due to the

nature of the practical sessions, which may be

very diverse [4]: demonstrative or participative lab

sessions, computer practical sessions, classroom

sessions, field work, workshop sessions, etc., but
also due to the available means that condition the

way the practical sessions are developed: individual

or group-based, the number of sessions and their

intensity. In addition, the number of participating

students, as well as the number of groups and

professors (also if the professors are from different

occupations), might complicate the coordination

and evaluation of the practical sessions substan-
tially.

Generally, the evaluation method for the practi-

cal sessions should be capable of verifying that the

skills acquired by the students are enough to prove

that they fulfill the objectives and learning outcomes

associated to these sessions [5] Regarding the litera-

ture, there are many possibilities for the assessment

of lab sessions in engineering [6–8]. Obviously, it
would be ideal to schedule personalized evaluation

sessions with executional practical tests, but this is

not feasible in many situations due to the lack of

time and means. Instead, practical written exercises

that emulate the conditions of the practical sessions

may be posed to evaluate how the students solve the

practical executional process and the results they

obtain. As an intermediate solution, as a deferred
evaluation, a portfolio may be used, so every

student presents one or several reports which sum-

marize the tasks performed and discuss critically

some final conclusions. Afterwards, the professor

designs an evaluation rubric to assess the different

portfolios.

The evaluation system based in portfolios [9, 10]

is a less demanding system than a final test, which
often entails a higher degree of subjectivity for the
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grading of the reports. It is a commonly employed

method when the weight of the practical contents in

the subject is not very pronounced (up to 25% of the

final mark) and when there is a great number of

professors involved in the evaluation. The design of

an adequate rubric system, based in an accurate
definition of the questionnaires to be filled in [11,

12], may reduce the degree of subjectivity, but it is

not simple to reduce the bias associated to the

personal criteria of each particular evaluator.

On the other hand, a final test is a more objective

methodology, but it is also more demanding for the

students. It is a method traditionally employed

when the weight of the practical contents in the
subject is preponderant [13]. The design of the test

must guarantee that the student is able to reproduce

the contents learned in the practical sessions in

equivalent conditions to those experienced during

the realization of the sessions. Particular care must

be taken regarding the contents of the test, avoiding

the introduction of complexities and additional

elements to those present during the practical ses-
sions.

Another option for the assessment of lab sessions

is an online assessment based on online tests that the

students may complete during the lab sessions or at

a separate session once all the lab sessions have been

performed [14, 15]. The introduction of ICTs in the

lab sessions is also useful to collect information

about the perceptions of the students about the
design and realization of the lab sessions [15, 16],

or to enhance experiential learning in the laboratory

[17, 18].

From the literature analysis, it has been observed

that two main evaluation methods are typically

employed for the assessment of lab sessions in

engineering courses: either the realization of port-

folios (individually or in teams) or a final test
comprising the contests covered in the sessions. In

this work, these two evaluation methods were

analyzed for the lab sessions of the subject Fluid

Machinery and Systems of the third year of the

Bachelor Degree in Mechanical Engineering of the

University of Oviedo. After three years (2013/14,

2014/15 and 2015/16) using individual portfolios for

the evaluation of the lab sessions, a progressive
decline in the quality of the reports, as well as

mark distributions with low dispersion and gener-

ally overrated values, were detected. Additionally,

different evaluation criteria were found among the

professors (up to 9 different professors involved in

the grading of the lab sessions), so it was decided to

substitute this evaluation systemwith a final evalua-

tion session in which a written test was performed
(2016/17 and 2017/18). In the following sections, the

results obtained after the statistical analysis of the

lab session marks are presented, which confirm a

reduction in the degree of subjectivity with the final

test method, resulting in more dissimilar mark

distributions and with generally lower marks.

2. A case study: the subject Fluid
Machinery and Systems

Fluid Machinery and Systems is a mandatory sub-

ject comprising 6 European Credit Transfer and

Accumulation System (ECTS) credits, placed in

the first semester of the third year of the common-

core module of the Bachelor Degree in Mechanical

Engineering of the University of Oviedo, imparted
in the Polytechnic School of Engineering of Gijón.

The objectives of the subject are to provide the

students with the knowledge of the working princi-

ples and applications of fluid machinery and to

introduce them into the fluid transport, power

transmission, propulsion and energy conversion

technologies, as well as other applications of

Fluids Engineering. The subject is imparted in
both Spanish and English for the students choosing

the bilingual group of the Bachelor’s Degree.

The subject comprises 150 h of personal work of

the student: 60 h are face-to-face work (28 h of

lectures, 14 h of seminars, 14 h of lab sessions, 2 h of

group tutorials and 2 h of evaluation sessions) and

90 h are distance work (usage of virtual campus and

individual work). For the final assessment of the
subject, the lab sessions (15%) and a series of

proposed activities (elaboration of preliminary

designs for small installations), with other 15%,

are considered. Finally, an exam at the end of the

subject represents the remaining 70% of the mark.

Usually, the subject has 150 students per year and

a passing rate slightly over 60% (performance rate).

The students tend to perceive the difficulty of the
subject as relatively low, so they maintain a positive

attitude and are convinced to be able to pass the

subject relatively easily. Moreover, the course syl-

labus is relatively short and with homogeneous and

progressive contents, facts that make following the

course and understanding the course contents

easier. In addition, the basis for this subject has

been already introduced in themandatory subject of
Fluid Mechanics in the second year, with a lesson

setting the theoretical basis for the subject. Hence,

the subject is conceived as an ‘‘extension’’ of con-

cepts learned by the students in previous years,

facilitating substantially the learning process and

feeding the confidence of the students back. It

should be stated that the number of hours of the

subject is large enough, so it is possible to advance
steadily and smoothly throughout its different

aspects.

Table 1 shows the evolution in the number of

students enrolled in the subject during the last five
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years, altogether with the main academic perfor-

mance indicators: the performance rate PR (passed
credits/enrolled credits), the success rate SR (passed

credits/evaluated credits) and the evaluation rate

ER (evaluated credits/enrolled credits). Addition-

ally, the total data for the Bachelor Degree in

Mechanical Engineering are provided to place the

subject in its context. It must be noted that the

indicators of the subject are higher than the mean

of the degree.
In parallel, to observe the degree of satisfaction of

the studentswith the subject, Fig. 1 shows the results

of the General Virtual Survey (EGEred 2016/17))

for a total of 91 answers over 156 enrolled students

(significant answer rate 58.3%). The mean satisfac-

tion rate of the subject is perfectly aligned with the

typical values of the degree and the learning pro-

gram is positively rated, clearly over the mean
values of the degree. Nevertheless, the guidance

and the practical contents of the subject have

lower ratings, probably as a consequence of the

high number of professors involved in the lab

sessions, the number of students groups (eight)
and even the disparity between the different time-

tables to adjust the sessions to the course planning.

3. Analysis of the practical contents of the
subject

The syllabus of the practical contents comprises the

realization of three sessions: (1) Oleohydraulic
bench; (2) characteristic curve of the centrifugal

pump and (3) Characteristic curve of an axial fan.

The sessions are held in the teaching laboratory of

the Fluid Mechanics Area of the Department of

Energy from theUniversity of Oviedo, placed in the

East Building of the Polytechnic School of Engi-

neering of Gijón. Due to the great number of

enrolled students, the 8 student groups (PL-1 to
PL-8) are subdivided into subgroups A and B,

resulting a total of 16 subgroups. Finally, each

subgroup is divided into two teams (a and b) who
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Table 1. Evolution of the academic performance indicators of the subject Fluid Machinery and Systems (years 2012/13 to 2017/18) in
comparison with the totals of the degree

Academic Year 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18

Fluid Mach.
and Systems

Students 64 136 165 129 156 128
PR 62.3% 62.1% 61.0% 60.8% 63.8% 32.8% (*)
SR 74.5% 70.3% 72.0% 69.6% 77.4% 56.0% (*)
ER 83.6% 88.3% 84.7% 87.3% 82.5% 58.6% (*)

Bachelor in
Mech. Eng.

Students NE 222 227 242 196 177 168
PR 51.3% 59.6% 59.6% 59.2% 61.4% NA
SR 64.3% 69.8% 71.9% 71.7% 73.9% NA
ER 79.7% 85.4% 82.9% 82.6% 83.1% NA

(*) Provisional results (only results from the first call available). NE: New Enrollment Students. NA: Non-available data.

Fig. 1. Satisfaction ratings of the learning program of the subject (Snapshot from EGEred 2016/17).



perform the lab sessions the same day, but indepen-

dently. These last teams are formalized in the first

lab session.

Typically, the first session is held in the weeks 40–

42 of the year, the second during weeks 43–45 and

the third in the weeks 46–48 (approximately).
Finally, from 2016/17, a group tutorial for evalua-

tionhas been added to the program (aroundweek 49

of the year), in which a final test of the lab sessions is

performed.

The first session consists on the construction of

simple oleohydraulic circuits which allow to answer

a simple questionnaire about their behavior. The

second and third sessions consist on obtaining the
characteristic curves of pumps and fans, measuring

their performances in terms of delivered flow rate

and pressure as well as power consumption. In these

cases, the measurement methods proposed by the

international standards are employed.

Regarding the evaluation of the practical ses-

sions, until academic year 2015/16, this evaluation

was performed based on the portfolios delivered by
the students [19, 20]. Particularly, in the document

that regulates the sessions, attached to the course

description [21], the following system is proposed:

‘‘During each session, every student must perform the
calculations and tasks associated to the corresponding
session individually. Every doubt or problem may be
discussed with the professor in charge of the session
during its realization. The calculations and results will
be collected in a handwritten template, which will be
given to the professor at the end of the practical session
(i.e., no further deliveries will be allowed). Given the
case, the professor will hand back the report to the
student for him/her to correct the possible mistakes or
scarcities. Once the report is delivered, the professor
will proceed to its evaluation. Each student will obtain
a final mark for the practical sessions, as a result of the
mean of themarks for each particular session. The final
markwill have amaximumvalue of 1.5 points, that will
be added to the final test mark, which will have a
maximum value of 7.0 points.’’

Subsequently, after 2016/17, after detecting a lackof

uniformity in the evaluation criteria, the evaluation

method based on portfolios is substituted with a

final test evaluation. Hence, the new text regarding

the evaluation of the practical sessions is changed

into the following (the changes from the previous

version are highlighted):

‘‘During each session, every student must perform the
calculations and tasks associated to the corresponding
session individually. Every doubt or problem may be
discussed with the professor in charge of the session
during its realization. The calculations and results will
be collected in a handwritten template, which will be
kept by the student at the end of the practical session (i.e.,
no report will be collected by the professor). Given the
case, the professor will highlight the possible mistakes or
scarcities in the reports for the students to correct them
and understand their significance. In the last week of the

term, an evaluation session will be held as a group
tutorial. Every studentwill be allowed to bring the reports
from the lab sessions, as well as the session guides and the
studying material that they consider convenient (lecture
slides, solved problems, sheets with formulas). Every
student will answer a simple questionnaire to evaluate
his/her understanding of the content of the lab sessions.
Finally, a mark for the practical sessions will be obtained
as a result of only the evaluation of this questionnaire.
The final mark will have a maximum value of 1.5
points, that will be added to the final test mark, which
will have a maximum value of 7.0 points.’’.

Fig. 2 has been added toprovide a clearer viewof the

full procedure for the evaluation of the lab sessions,

from the lab session itself to the obtainment of the

final mark by the students. At every lab session,

after the pertinent explanations from the professors,

the students proceed to perform the corresponding

experiment (in Fig. 2, the pump testing bench is
displayed as an example). Then, the students post-

process themeasurements obtained andperform the

necessary calculations to get the results required at

the lab session scripts. Finally, they generate a lab

session report, collecting all the measured data, the

calculations and their own conclusions. Afterwards,

the correction of the reports by the professors

follows. In the portfolio-based evaluation method,
each session report would get a mark based on its

content, and then a final mark for every student

would be obtained as an average of the particular

marks, as described in Fig. 2, left. With the later

evaluation method based on a final test, all the lab

sessions reports are still being corrected by the

professors, but they are not graded and then filed.

On the contrary, they are returned to the students so
that they can use them as a study material for the

final test that will evaluate their learning results

from the lab sessions (Fig. 2, right). Hence, this

final test mark will directly represent the final mark

for the part of the subject corresponding to the lab

sessions. Annexes I (example of a lab session report)

and II (example of a lab session evaluation final test)

have been added as examples of the real reports and
tests used in class. It may be verified that no

additional contents or more difficult tasks have

been added to the final test in comparison with the

lab session reports. This ensures that the students

will be able to reproduce the contests learned from

the lab sessions in equivalent conditions as the ones

experienced during the sessions themselves.

4. Lab session groups and results 2013/14
to 2015/16

In this section, the results from the laboratory

marks obtained during 3 academic years (2013/14,

2014/15 and 2015/16) with the portfolio evaluation

method are analyzed. Firstly, Table 2 shows the
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number of students in each group. Additionally, the

professors responsible for each group are identified

(with the initials). Themean number of students per

group during those years was 15.2, an adequate

value regarding the 16 students foreseen at the

beginning of the academic year. The number of
students was slightly higher in the period 2014/15,

as a consequence of a rise in the enrollment. It must

be noted that during those years, around 4 profes-

sors were responsible of the 8 groups.

Table 3 shows the average marks (MA) of each

group during those years, as well as the standard

deviation (�) to illustrate the dispersion in the

marks. Specially from the annual average values

(last row of the table), an evident uniformity may be

appreciated, with typical characteristic values. Par-

ticularly, the total average of the marks from those

three years would be fixed to 1.29� 0.15. Addition-

ally, from the results of Table 3, it has been
attempted to find some kind of correlation between

the group marks and the number of students, the

academic year, or the professor responsible of the

lab sessions. The 24 (8 groups during 3 years)

average marks and standard deviations have been

considered and their correlation coefficients have

been calculated with respect to the following vari-
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Fig. 2. Procedure for the evaluation of the lab sessions: 2013/16 and 2016/18.

Table 2. Arrangement of the groups for the practical sessions during academic years 2013/14 to 2015/16

Academic Year 2013/14 2014/15 2015/16

Group Students Prof. Students Prof. Students Prof.

PL-1 13 RBP 18 BGH 10 MGV
PL-2 16 JMC 16 BPG 15 PGR
PL-3 16 JFO 14 RBP 14 MGV
PL-4 15 JMC 18 BPG 16 PGR
PL-5 13 JMC 19 MGV 16 KAD
PL-6 14 RBP 16 BPG 12 KAD
PL-7 16 EBM 18 MGV 14 MGV
PL-8 13 EBM 19 MGV 16 MGV

Average/Total 14.5 4 17.2 4 14.1 4



ables: (1) number of students, (2) professor and (3)

number of group (equivalent to timetable), trying to

find any underlying correlation that could highlight

a hidden bias in the evaluation (external to the
students themselves). The most outstanding facts

(see Table 4) are that a slight negative correlation (-

0.32) appears between the number of students in a

group and the average mark of the group (the less

students in a group the better themark of the group)

and an important correlation (0.75) arises between

the average mark of the group and the professor

responsible of the evaluation (however, the stan-
dard deviations do not show these relationships),

confirming that there is a significant bias depending

on the professor responsible of the evaluation of the

portfolio.

On the other hand, not only should the evaluation

results be tested as a function of factors external to

the students, but also the own motivation and

responsibility of the students should be considered.
Although a direct analysis is not possible, it is

interesting to compare the marks from the practical

sessions with the marks obtained a posteriori in the

final exam of the subject. Thereby, for instance,

Table 5 shows the average mark and the deviation

observed in the practical sessions (in bold) for two
distinct control groups: the students that finally

passed the exam of the corresponding call and the

students that failed it. The results clearly show the

total independence of the mark of the practical

sessions with respect to the final mark of the exam:

1.30 � 0.16 for the students that passed the final

exam and 1.29 � 0.16 for the students that failed it.

In other words, the mark of the practical sessions is
not reflecting that their evaluation is significant for

the learning process, as the students obtain the same

mark independently of the result of the final examof

the subject. In Fig. 4 (left) the scatter plot shows the

relationship between the practical session marks

(vertical axis) and the final exam marks (horizontal

axis) of every student for a total of 190 students who

finally passed the exam of the subject (times signs)
and 279 who failed (plus signs). The square dots

represent the average value of every control group.
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Table 3.Marks of the groups for the practical sessions during academic years 2013/14 to 2015/16

Academic Year 2013/14 2014/15 2015/16

Group MA � MA � MA �

PL-1 1.35 0.13 1.23 0.16 1.40 0.09
PL-2 1.28 0.14 1.24 0.10 1.22 0.21
PL-3 1.26 0.10 1.31 0.14 1.34 0.06
PL-4 1.26 0.05 1.25 0.12 1.29 0.18
PL-5 1.20 0.24 1.31 0.12 1.22 0.09
PL-6 1.39 0.06 1.19 0.15 1.22 0.14
PL-7 1.39 0.17 1.28 0.17 1.35 0.15
PL-8 1.33 0.24 1.29 0.11 1.30 0.16

Average/Deviation 1.31 0.16 1.26 0.14 1.29 0.16

Table 4. Analysis of the correlation factors in the marks of the practical sessions, 2013/14 to 2015/16

Academic Years 2013/2016 Correlation coefficient, r(*), with respect to:

Factor Average mark (MA) Standard Deviation (�)

Number of students per group –0.32 –0.05
Group timetable (group ID, PL-1 to 8) 0.09 0.25
Professor (9 professors identified) 0.75 0.01

(*) The correlation coefficient is defined as: r ¼Pðx� �xÞðy� �yÞ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPðx� �xÞ2 Pðy� �yÞ2

q
.

Table 5.Marks of the practical sessions for the students depending on the result of the final examof the subjects— academic years 2013 to
2016.

Academic years 2013–2016

Final exam result Type of evaluation Average Mark (MA) Deviation (�)

Pass Practical sessions (0 to 1.5 points) 1.30 0.16
Final exam (0 to 10 points) 5.14 1.05

Fail Practical sessions (0 to 1.5 points) 1.29 0.16
Final exam (0 to 10 points) 2.10 0.97



5. Lab session groups and results 2016/17
to 2017/18

This section shows the results from the marks of the
practice sessions obtained during 2 academic years

(2016/17 and 2017/18) using the evaluation system

based in a final test. The test consisted in the

construction of the performance curves of the

turbomachines from simulated data from measure-

ments obtained in the laboratory. To reduce the

level of demand, the students were allowed to use all

kinds of support material during the test (lecture
notes, books, lab session guides, etc.).

As in the previous section, the arrangement of the

groups for the practical sessions are shown (Table

6), collecting the number of students and professors

(with their initials). In this occasion, the average

number of students per group was around 13.3,

slightly lower than the reference value of 16 stu-

dents, as a logic consequence of the decrease in the
new enrolled students observed in Table 1. During

these years, an average of 5 professors were respon-

sible for the 8 groups.

Table 7 shows the average marks (MA) and the

standard deviations (�) obtained by the students in
each group during the last two academic years. An

important decrease in the average mean of the
marks is observed, as well as a significant increase

in the dispersion of the marks, breaking the exces-

sive uniformity observed with the previous evalua-

tion system. Particularly, the total average mark of

the practical sessions would be fixed to 1.07 � 0.32.

In addition, the data from Table 7 have been also

employed to look for correlations of these new

marks with some of the factors analyzed previously.
Thereby, Table 8 reveals that there is still a slight

negative correlationwith thenumber of students per

group and a new slight negative correlation with the

group ID appears. In any case, the most relevant

fact is the observed decrease in the correlation with

respect to the professor evaluating each group

(0.47), which allows to conclude that the bias
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Table 6. Arrangement of the groups for the practical sessions during academic years 2016/17 and 2017/18

Academic Year 2016/17 2017/18

Group Students Prof. Students Prof.

PL-1 16 MGV 13 MGD
PL-2 11 PGR 12 RBP
PL-3 12 MGV 13 MGV
PL-4 16 AZL 12 RBP
PL-5 13 KAD 13 BDP
PL-6 16 MGV 14 AGS
PL-7 11 PGR 11 PGR
PL-8 17 MGV 13 MGV

Average/Total 14.0 4 12.6 6

Table 7.Marks of the groups for the practical sessions during academic years 2016/17 and 2017/18

Academic Year 2016/17 2017/18

Group MA � MA �

PL-1 0.98 0.26 1.23 0.41
PL-2 1.23 0.16 1.13 0.31
PL-3 1.04 0.27 1.11 0.29
PL-4 1.17 0.19 0.98 0.34
PL-5 1.03 0.33 1.40 0.09
PL-6 0.87 0.30 0.97 0.32
PL-7 1.02 0.40 1.07 0.40
PL-8 0.95 0.38 1.00 0.33

Average/Deviation 1.02 0.32 1.13 0.32

Table 8. Analysis of the correlation factors in the marks of the practical sessions, 2016/17 and 2017/18

Academic Years 2016/2018 Correlation coefficient, r, with respect to:

Factor Average mark (MA) Standard Deviation (�)

Number of students per group –0.35 –0.10
Group timetable (group ID, PL-1 to 8) –0.41 0.32
Professor (9 professors identified) 0.47 –0.02



associated to the personal evaluating criteria of each

professor has been substantially mitigated.

In order to highlight the way the final test for the

practical sessions has improved the distribution of
marks, Fig. 3 shows the comparison of the histo-

grams of the marks with both systems. The marks

have been grouped in blocks with a width of 0.05

points. On the left, the results of the evaluation

using the portfolio method evidence the low disper-

sion of the marks and the overrating of the average

marks. On the other hand, on the right, the evalua-

tion using a final test seems to yield higher disper-
sions and a lower average value for the marks, more

reasonable in line with what is expected from the

practical session groups.

The last part of the analysis is performed in Table

9, comparing again the average marks obtained in

the practical sessions by the students that have

passed the final exam of the subject and the marks

from the students that have failed it. Apart from the
important deviation that may be found now, the

most noteworthy aspect is that the marks have

become more significant, so that the students that

pass the final exam also obtain higher marks in the

practical sessions. A difference of almost 0.15 points

of 1.5 is obtained (from 1.16 for the passing students

to 1.02 for the failing ones). Thismeans practically a

10% difference, in contrast with the non-existent
difference observed with the method based on

portfolios.

As a final remark, these new results are compared

in the graphic representation conceived forFig. 4. In
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Fig. 3. Comparison of the histograms of the marks for the lab sessions: portfolio (left) and final test (right) evaluation methods.

Table 9.Marks of the practical sessions for the students depending on the result of the final exam of the subjects—academic years 2016 to
2018

Academic years 2013–2016

Final exam result Type of evaluation Average Mark (MA) Average Mark (MA)

Pass Practical sessions (0 to 1.5 points) 1.16 0.25
Final exam (0 to 10 points) 5.00 0.94

Fail Practical sessions (0 to 1.5 points) 1.02 0.38
Final exam (0 to 10 points) 2.38 0.87

Fig. 4. Comparison of scatter plots of the lab session marks as a function of the result of the final exam of the subject (pass—times signs,
fail—plus signs). Note that the passing grade has been set to 4 points out of 10.



this occasion, data from 116 students that passed

the final exam of the subject (times signs) and 99

students that failed it (plus signs) have been col-

lected. In Fig. 4 (right) a much more disperse mark

distribution is observedwith no doubt, with average

values notably dissimilar between passing and fail-
ing students.

6. Discussions

In this work, the distribution of marks for the

practical sessions of the subject Fluid Machinery

and Systems has been analyzed. The practical ses-
sions of this subject, from the third year of the

Bachelor Degree in Mechanical Engineering of the

University of Oviedo, represent 1.5 points over the

total final mark. The marks obtained by 684 stu-

dents during the last 5 academic years have been

considered, using two different evaluation systems:

evaluation of portfolios from the practical sessions

(2013 to 2016) and evaluation by means of a final
test (2016 to 2018).

The results highlight that the evaluation system

based on portfolios is characterized by mark dis-

tributions with low dispersion and generally over-

rated (1.29 � 0.16), with notable biases depending

on the professor responsible of the evaluation

(positive correlation of r = 0.75). In addition, it

has been observed that the evaluation of the prac-
tical sessions is not significant for the learning

process of the students, as the group of students

that finally fails the final exam of the subject obtains

on average (1.29 � 0.16) almost the same mark as

the group of students that finally pass the subject

(1.30 � 0.16).

On the other hand, the evaluation by means of a

final test has allowed to reduce the excessive uni-
formity of the marks from the previous system,

increasing the dispersion and containing the grad-

ing of the practical sessions (1.07� 0.32). Addition-

ally, the bias observed with respect to the professor

responsible of the evaluation has been substantially

reduced (correlation of r = 0.47). Finally, an

improvement in the evaluation regarding significant

learning has been also observed. The group of
students that finally passed the subject had a nota-

bly better average mark (1.16� 0.25), a 10% higher,

than the group of student that failed the final exam

of the subject (1.02 � 0.38).

Hence, the evaluation with a final test seems to be

more significant, eliminating different biases, redu-

cing the subjectivity observed during the preceding

years and providingmark distributionsmore coher-
ent and adequate. This studywas limited to only one

subject from the department, so future work could

consider implementation of this method in other

courses with different conditions (number of stu-

dents, typical performance rates) to observe

whether the final test evaluation methodology is

useful in these cases. It should be highlighted as

well that the portfolio method could be implemen-

ted again in the future with a new rubric for the

correction that could reduce subjectivity. Addition-
ally, even if the final test evaluationmethod has been

found more significant, the results should be mon-

itored in the following years, leading to a possible

modification in the method in case the tendency of

the marks changes.

7. Conclusion

There are two main evaluation systems typically

employed for the evaluation of laboratory sessions

in engineering courses: evaluation of technical

reports (portfolios developed by the students) and

realization of a final test comprising the contents
covered during the sessions. In this work, the results

from these two different evaluation methods were

analyzed for 684 students of a FluidMachinery and

Systems course. It was found that using a final test

evaluationwasmore significant, unbiased andmore

coherent, reducing the subjectivity observed with

the portfolio-based evaluation.
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Annex II: Example of a lab session evaluation final test
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