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Abstract. Competence-based education is oriented towards an evaluation model linked to
student training, in order to foster the development of abilities to identify, project, solve
problems and make decisions. In this context, the rubrics allow obtaining evidence of the
acquisition of competences and application of knowledge outside the classroom.

In this work, we present a proposal for the development of a Physics laboratory practice with
the use of a rubric for the evaluation by competences in the university field. We want to
introduce new assessment methods and identify opportunities to develop skills and evaluate
learning through indicators of progress.

1. Introduction

The first rubric dates back to 1912, derived from a study carried out by Noyes, called Scale for the
Measurement of Quality in English composition by Young People emerges [1].

The rubric is a shared instrument between professor and students with the required criteria to carry out
learning and evaluation tasks. It is a task guide that shows the expectations that students and
professors have and share about an activity or several activities, organized in different levels of
compliance: from the least acceptable to the exemplary resolution, from what is considered
insufficient to excellent [2].

A study about the use of rubrics in Higher Education show that rubrics give reliability and validity to
student performance Student self-assessment, self-regulation and understanding of assessment criteria
are better enhanced by the use of rubrics [3].

According to UNESCO [4], competence-based education considers contextual aspects such as learning
outcomes and performance criteria that imply ensuring know-how, knowing how to live together and
knowing how to be. This provides greater integration and knowledge in the actions of students [5].
Olmedo-Torre mentions that the assessment tools most frequently used by academic staff are rubrics
[6].

From the formative approach by competences the learning develops the acquisition of basic
competences such as team work, the creative and entrepreneur capacity or communicate and
relationship capacity [7]. In addition, it allows developing different aspects in the students as it is
shown in figure 1.
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Figure 1. Different aspects from the competence evaluation

The proposals about the evaluation by competences in the university propose an evaluative
approach centered in the formative learning and the acquisition of competitions of the students.
The evaluation is structured in: intra-group evaluation, which is done within the groups and which
affects the work done in different areas (organization, relationship and results) during a group task;
inter-group evaluation, which is carried out in the analysis of products from different groups; and the
individual evaluation, in which the learning process or product is evaluated. Therefore, the use of
strategies that promote peer evaluation enables the acquisition of skills and competences that are
necessary for the professional future of students [8].

The purpose of the rubric changes depending on what you want to evaluate. Therefore, they are
classified into two types, holistic or global and analytical [2,9,10], as it is shown in figure 2.
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Figure 2. Types of rubrics: holistic and analytical

It is necessary to consider that the use of rubrics benefits both professor and students, but the
results depend on the people involved in this process. In this work, we present a proposal for the
development of a Physics laboratory practice with the use of a rubric for the evaluation by
competences in the university field.

2. Methodology
The Physics laboratory practice “Measurement of the magnetic field of a small magnet” [11] is being
made since 2015 by students of the computer engineering degree of the Faculty of Computer Science

Engineering at the University of Castilla-La Mancha (UCLM), located in the campus of Albacete,
Spain.
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For the implementation of this proposal, we will select two study groups, (control and experimental
group: A and B) and two physics professor (one for each group), in figure 3 we show the
implementation process of the rubric [12].

Control group (A) Experimental group (B)
I S S v N R N
The student will The assigned  We will Finally, we will The student will ~ The assigned  We will Finally, we will
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T ol I and assigns a l about this I rubric. I and assignsa  j about this '
— mark. practice. mark. practice,

Figure 3. Implementation process of the rubric

After the rubric implementation process, we will analyse the results of both evaluations and the marks
obtained by the students of each group, and we will make a comparative analysis to identify the impact
generated using rubrics in the evaluation by competences.

3. Results
In this phase, we have developed a laboratory practice with its corresponding evaluation rubric (table
1); at the end of the next course we will have data to evaluate the usefulness of this rubric.

Next, we can see the evaluation rubric of the physics laboratory practice: Measurement of the
magnetic field of a small magnet.

Objective: Calculate the dependence of the x-component of the magnetic field of a small
magnet on the distance using the magnetic sensor that have incorporated the vast majority of "smart"
mobile phones, along with an application that has to be previously installed; analyse and reflect on the
development of the practice and use of the smartphone in a Physics lab.

The competence components that want to be mobilized, are:
- The distance data to the smartphone and the value of the magnetic field x(¢cm) and B(uT)
- Adjustment by least squares y =mx + b
- Value of the exponent n of the variable x correctly expressed with its error
- p value, the magnetic moment with its absolute error and units
- Correct realization of the graph B versus x
- Correct completion of the appropriate logarithmic graph
- Analysis and response to four questions about the smartphone practice

The evidence or results for this practice are:
- Data (values) x(cm) and B(uT)
- Adjustment by least squares y=mx + b
- Value of the exponent n
- Value of p
- Graphic B vs. x
- Logarithmic Graphic
- Answers of 4 questions

Comprehension and observation for data acquisition.
- The experimental data acquired in the laboratory x(cm) and B(uT)
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Analysis and data processing
- Adjust by least squares y =mx + b
Value of the exponent n of the variable x well expressed with its absolute error
M value, with its absolute error and units
Correct completion of the graph B vs. x
Correct completion of the logarithmic graph

Reflection to obtain conclusions
- Analysis and answer four questions about the Smartphone practice.

Materials:
- A Smartphone that has a magnetic sensor
An application capable of displaying the three components of the magnetic field measured by
the magnetometer, installed on the Smartphone
A rule that allows measuring in centimetres
A sheet of paper, A4 size
A fridge magnet (small and powerful)
A computer
Excel Program

Questions about the Lab Session of the Smartphone
- Why do you place your Smartphone towards the North?
- Why must the exponent of the variable x be negative?
- How do you improve this lab session?
- Which is your opinion about the introduction of Smartphones in the Physics lab sessions?

Once the practice has been completed and after having reflected and answered the four questions, it is
necessary to draw up a conclusion that includes: the impact that the practice has on their previous
knowledge, those that have been put in place and those that have been developed to respond to the
learning requirements of this activity; in addition, it must be mentioned what has been learned and
how it has been learned.

Scale to assess the level reached in each dimension.

Level A: Qutstanding = Non-modified (value 10).

Level B: Notable = Suitable with some small observation without modifications (value 8).

Level C: Well = Apt with some observation with modifications (value 6).

Level D: Insufficient = Not suitable with important modifications (value 3).

Level E: Very deficient = Not suitable, complete modification of the activity (value 0) or did
not present.

This activity has a value of 10 points, which is the maximum grade of this practice. In table 1, the

analytical type rubric is shown for the respective evaluation.



IOP Publishing

10.1088/1742-6596/1287/1/012025

GIREP-MPTL 2018
IOP Conf. Series

i

1287 (2019) 012025 do

Conf. Series

ics

Journal of Phys

-Ju9saxd jou pIp 10 () anfea) A3AnNSe Ay} JO uonedIpow AA[dwos ‘9[qelns JON = JUIIYIP AIBA :J [9A9]
‘(¢ on[ea) suonedyIpow jueliodw YIm 9[qelns JON = JUILYNSU] :(J [PA]
*(9 9n[eA) SUOIIBIIJIPOW YPIM UONBAIISAO JWOs UM 1dY = [PAA D [PA]
*(8 an[eA) SUONBOIJIPOUW JNOYIIM UOTIBAISSQO [[RWS JWIOS [IIM J[QeIING = J[(BION :{ [9Ad]
(0] on[eA) PIYIPOW-UON = SUIPUEBISINQ 1V [9A]
1SMO[[O0] SB 9Tk S[OAQ[ Uonen[eAd ) Jo uoneyardiour oy,

(syurod 7) ‘uorsnjouod (syutod ¢'1) "uorsn[oUOd (qurod [) ‘uorsnjouod (s1ur0d ¢°Q) “UOISAOUOD Aﬂ:_c.a () ‘PAISAI[OP JOU SeM mﬁomumoz_u moy ‘SUOISN[OuU0d
ap pue suonsand | pue suonsonb | oy) pue suonsonb g Auo 5 we  wonsenb JUQWIUFISSE AY) IO ‘UOISN[OUOD OU SI I} . ureyqo
+ oy Aqreoyoads spuodsay | ¢ A[uo A[eoyroads spuodsay | Afeoyroads spuodsoy o p " ! pue ‘paromsue dre suonsenb ay) Jo SUON o) 03 Jomsuy 01 UONOAY

b b b Kmuo Aqreonyioads  spuodsoy : :
(syurod (quiod
o : (syutod 9°1) “soxe ay) KJroads L . (surod 9°() "syuwWIos .
[9) soxe ww%:o%u:ou Jou soop nq ‘ydess oy z'1) swiod [ejuowiadxe £q woy Supmun ydess Sop Aﬁz_oﬁm () "PRISAT[Ip Jou ydeio
amay ynm  ‘yderiS  Sop ay Suikyroads sem Juawugisse ay) Jo ‘yderd 3of ayy 1o
oy ur syurod [eyuduwLIddxd o ur surod [eyuduiLIddxd X Jruyjredo|
oy ur syurod [ejuswiadxe R Aesd  noynm  yderd sutod [ejuowadxa oY) moys jou s0p 1| : g
. ) a smoys Apoaio) . : Ay smoys  A[1091100uf
A SMoys Apoawo) oy oy smoys Apoario)
Quiod I . I :
1) sexe  Surpuodsoriod (siurod g°0) "saxe agy (siutod 9°0) (s1rod g0) *syuaw3as (syurod () ‘paIdAIap
: . Kjroads jou seop Inq ‘yderS | -syurod [ejuowradxe oy | Aq weyy  Supmun  ydeid . :
1oy s ydei3 jou sem Judwugisse oyl Io ‘ydeid ay) 1o X sA g ydein
oy ur syutod [eyuowradxe | Surkyioads Apresro moynm | oyy ur sjurod [ejuswradxe
Ay ur syrod [eyuowiadxd on smous Amoauiony | ydeis oy smoys Ajosuion | o smoys  Aposwoouy sutod [ejuawadxa Yy moys jou sA0p 1|
ap SMOYS Apoato) ’ : : "’ ’ Co ’ ’ T
(urod 1) 1 sassardxa (swtod 8°0) S:.ootouﬁ (swuod £°0) (syurod (syutod () "PIAAI[OP JOU SEM JUAWUTISSE Ll
: . ) woy) $assa1dxa INq ‘I0II0 SI | “IOLID SIT SOIR[NO[ROSTW Inq L . -, . :
Apoa1iod  pue ‘101 SN . $°0) 101 dy) Sunemoed | oyl 1o ‘paureqo a1om Joud Surpuodsoriod | judwow drouewt
pue ‘1l Juouodxa ay Jo anjea pue Hl uouodxa oy jo anfea | il quauodxa agy jo anfea moynm ‘1 juouodxad oy Jo | sy pue n jusuodxa 9y} Yl0q JO onjeA I, U1 10 o.s v “UOTIR[NOTED SONTBA
o ‘ oy yoq sureiqo Apoduo) | oy sureqo  Ap3oanio) : P : ) JO on[eA nemnof [
) [1oq surelqo A[109110) an[eA 9y surelqo [30e110ouf pue sisk[euy
(urod ) ‘1 sassardxo . L . . .
Apoauod  pue  ‘Jowd SN (sutod g'0) “Apoatioouf (swiod £°0) (swiod (syurod () "‘PAISAI[OP JOU SEM JUAWUTISSE u jusuodxa

pue ‘u Juduodx? 9y} Jo anjeA
Ayl yoq surelqo A[oaLIo)

way) $3ssa1dx9 INq “I0LID S)
pue u juauodxd ) Jo anfeA
o) 1oq surelqo A1091100)

*IOLID $)T SAIR[NO[RISIW Inq
‘u juouodxd oY) Jo onyea
o) sureqo  Ap1oe1io)

$'0) 1012 3yl Sunenored
noym ‘u jusuodxs oyl jo
an[eA ay) surelqo A[10a110oug

) Jo ‘paurelqo 1M 10110 Furpuodsariod
s)1 pue u juauodxa 2y} Y1oq Jo anfeA AL

Ay} jJo anfep

(syurod 7) *q +

(swiod £°7) q +

Quiod Z°7) *q + X

(swt0d 9°0) *q +

xur = A sarenbs 1se9] Aq ourp | xwr = & sorenbs jseo] £q our] | = A sorenbs jseo] Aq Quip | xwn = £ sarenbs jsed| £q oury (syurod () ‘pazearfap jou sem qol ayy q + Xxu
juounsnfpe oy jo a1 (q)*2 | juounsnlpe ay) jo 1 “(q)*3 | judunsnipe o) jo x ‘(q)*2 | juaunsnlpe oy jo a1 ‘(q)*3 | 10 pakerdsip jou st ‘q + Xur = £ sarenbs = A sorenbs 1se9]
‘q ‘(w)*3 ‘wr sonfea osayl | ‘q ‘(w)*2 ‘wr sonjeA 9say) | ‘q ‘(w)"3 ‘wr isonjeA osayl | ‘q ‘(wr)*2 ‘wr :sonfeA 3say) | Iseo] AQ durl judunsnipe Ayl Jo anfeA L £q yuounsnfpy
Jo ¢ oy smoys Apoauo) | jJo ¢ Auo smoys £[30a110) | jo g AJuo smoys Appoeno) | jo | Auo sKerdsip £poario)
: 5 ¢ . . ! - (Ln)g pue erep
(urod ) "Appoa110d (syurod (siod 9°0) “sIqeIIEA (syurod (syurod () "ur pauwIn) Jou Sem JUAWUSISSE (wd)X omnseow oy oY) 01 9qE 9q
SO[QELIEA OM] 9saY) JO sanfeA | ') “A[10a1100  pakerdsip : : 7'0) ‘Apoaiioour so[qenreA | 9yl I0 :SO[QELIBA OM] 9SIY) JO SonfeA

om] 35 Jo saneA ¢ A[uo

0} S9[quLIBA

0} UOTIBAISSQO puR

o] oyl smoys o[qel QYL | ore sojquueA  omy  dsoyy oM} 9SAY)  Jo  san[eA | 9] oy JO Aue moys jou sop 9[qer YL
Jo sanfea § A[uo ‘a[qe) Yy uy Anoa1103 smoys a[qur yL, 9] 9yl smoys 9[qel YL oy} jo e uorsuayIdwo)
01 dperd 8dperd 9 dperd €9perd 03perd N NOISNAWIA
Surpuesing 1y [PAd] AIqEION :{ [9Ad] IPA D PAYTT judnnsuy 1 [PA] YA AIIA 1 [PAIT OISNINIAANS
SNOILVAYASHdO
STAAAT NOILVN'TVAA HALLVLIINVAO/FAILVLITVNO OL <~MW%M~Q&MWﬂUH&m<

Jouvpy [Iows v Jo platg d3audv ayj Jo Judumansvap Yy [

:ougnt uoyvnpag *r a]qu .




GIREP-MPTL 2018 IOP Publishing
1OP Conf. Series: Journal of Physics: Conf. Series 1287 (2019) 012025  doi:10.1088/1742-6596/1287/1/012025

The implementation of the use of the competence assessment rubric for the development of the
practice was carried out as indicated in the methodology.

In figure 4, we can see the development of the practice in the Physics laboratory without the rubric
evaluation (control group); figure 5, the data acquisition and, figure 6, development of the practice in
the Physics laboratory with the rubric evaluation (experimental group).

Figure 6. Development of the practice in the Physics laboratory with the evaluation rubric (experimental group)
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Once the students concluded the development of the practice, the professor of the subject proceeded
with the correction of these; the professor evaluated these practices with and without the use of the
rubric for the experimental group and the control group, respectively.

Finally, with the R Studio software, the statistical analysis of the marks obtained by each group was
made, the means were obtained and subsequently, a comparison was made through a box diagram

(Figure 7).

10

marks

T T
control experimental

Figure 7. Boxplot with whiskers median marks of control group and experimental group

The mean mark of the control group was 4.6 and the median 4.5, compared to the experimental group, the
mean was 5.4 and the median was 5.0. In figure 8, we can see that in the control group the highest mark
was 9.0, but 50% of the marks were concentrated in the range of 2.0 to 6.0, marks inside the green box;
while, in the experimental group, the highest mark was 10, but 50% of the marks were concentrated in the
range of 4.0 to 6.5. These results indicate that the use of rubrics contributes to the increase of marks.

On the other hand, we can see that this increase is not high. We consider that this may be due to the
difficulty of the students to understand this new way of evaluating and, also, because it is a new
instrument. We will continue working with other similar groups, control and experimental groups, for the
development of another practice, and other professors of this subject to obtain more data that allow us to
compare and obtain new conclusions.

4. Conclusion and discussion
We have implemented evaluation rubrics by competences, with students in computer engineering degree
of the Faculty of Computer Science Engineering at University of Castilla-La Mancha (UCLM), located in
the campus of Albacete, Spain.

With the results obtained, we can be affirmed that the students' marks have increased, however, this
increase is moderate, around 15%. Therefore, it can be concluded that the application of rubrics by
competences can be a useful tool for students when developing their practices and, also, for the professor
when they have to evaluate them. But as it is an instrument that is unknown on the part of the students,
therefore, the interest is little, and they only want to approve with the minimum effort. However, there is
also a small percentage (less than 25%) that aim to obtain the highest mark.
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Therefore, we have decided to continue with this work, using this type of instrument in another laboratory
practice, with two other new groups and another professor, to have more data that will allow us to show if
it is useful or not the use of rubrics.
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