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Abstract

The article considers the problem of activation of students’ cognitive activity and efficient use of study time while studying by
them of the definition of measurement uncertainty and its calculation. Survey of 56 students studying in specialty “Metrology and
information and measurement system” demonstrated that 80% among them assumed this topic to be the most difficult in the course
“Principles of metrology”, and 60% answered that they required more time to digest it than provided in the discipline plan. To
eliminate this discrepancy, students were proposed with the methods of working with educational materials for independent study
with further practice in classroom: supporting signals and blitz games. Such pedagogical methods are focused on gaining a better
understanding of theory for the same period. At the second stage the authors asked the students to evaluate those skills they have
gained. The survey demonstrated that 30% of students interviewed found it difficult to calculate measurement uncertainty during
classroom and graduation project, as well as when solving application tasks requiring for calculation of uncertainty, when studying
interdependent disciplines. 18% asked that they could not make a budget of uncertainty by themselves. 70% noted that they wanted
to receive more practical examples of solving such tasks. The authors chose the “case study” method, one its prominent feature is the
creation of problem situation based on facts of real life or professional activity. The results demonstrated that, subject to static
essentiality and compared to the control group, successfulness of learning measurement uncertainty increased by 16 %, and quality —

by 12 %.
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Introduction

Due to the growing competition on the labor market,
globalization and intensification of production facilities,
the employers prefer to employ those interviewees with
practical experience of solving professional tasks. Thus,
satisfying the internal requirements of the education
system become less important than satisfying the external
requirements of the labor market, which considered as a
key condition in students teaching process success. This
makes the matter of forming students’ professional skills
essentials more than ever. In addition, such situation
changes the familiar roles of student and teacher: the
student should become an active participant in the
educational process, also, the teacher — should become the
organizer of student’ cognitive activity, and not just an
informant. These factors create a necessity to maximize
the efficiency of the study time usage, to teach the
students the methods of the independent work, and
activation of their cognitive skills considering discipline
nature.

A similar task was also identified in the field of
teaching metrology in higher education institutions [1-4].
The authors [1] suggest a solution to this task with using
innovation technologies teaching and concept of
developmental learning, that are based on the formation
of skills complex for setting and solving difficult
professional problems in conditions of uncertainty. Also,
according to the authors, the generalized model of the
such learning provides for active students participation in
the learning process, ability to apply knowledge in the
real conditions; presenting concepts and knowledge in
various forms; approach to the teaching as a collective
activity, not as an individual activity; accent on the
comprehension rather than memorizing. They recommend
implementing these principles by using personal-oriented
learning, lections-visualizations, case studies, test

assessments, block-module learning, projects method,
collaborative learning.

The authors [2] support an idea of development of
professional student’ skill by creating educational and
professional fully certain situations (target, content, result
and approaches are known), partially certain situations
(target and contents are known), and complete uncertain
at all (only target is known).

In [4], it was noted that in the educational program
in the field of “Standardization and Metrology” more
attention should be paid to the study and practical
application of the “Guide to the Expression of
Measurement Uncertainty” (GUM). And the authors [3]
recommend a sequence of studying the error and
measurement uncertainty in engineering courses.

Thus, the aim of the research was to identify the
degree of effectiveness and feasibility of using elements
of innovative and production-oriented technologies,
interactive teaching methods, methods for creating
educational and professional situations in teaching
measurement uncertainty.

Technology of work with education literature

The concept and procedure for calculating
measurement uncertainty is usually presented to students
in the form of a lecture with the skills check in practical
and laboratory classes.

At the first stage, the study was aimed at revealing
the features of students' perception of the theoretical
foundations of measurement uncertainty. A survey of 56
students studying in the specialty “Metrology and
information-measuring equipment” showed that 80% of
them consider this topic the most difficult in the course
“Fundamentals of Metrology”, and 60% said that they
need more time to master it than given by the work
program of the discipline. To eliminate this drawback,



students were offered methods of working with
educational literature for self-study with subsequent
working out in the audience: reference signals and blitz
games, which can be applied, including to the GUM text
[5], to each of its sections in turn or to allowance [6].
These pedagogical technologies contribute to better
memorization and understanding by students of
educational material and aim to deepen understanding of
the theory at the same time.

Shatalov method of supporting syllabuses was
chosen because they are concise, supply material with
enlarged didactic units, have a semantic graphic accent,
unified symbols and color clarity, are autonomous in
separate blocks, are available for reproduction [7].

Examples of tasks for working with educational
literature:

“Reference signals”. Outline the text with the help
of drawings, diagrams, symbols, retell its contents on
them (Fig. 1). The accuracy and detail of the reproduction
is evaluated.

X

y Ua Ub
z

influence
guantin

nipe uncerrainty

Fig. 1. Examples of the reference signals

“Choose the main thing”. Distinguish keywords,
formulate a few sentences that briefly reflect the essence
of the text. The ability to generalize and highlight the
main thing in the educational material is assessed.

“Question-answer”. To divide students into several
teams, each of which makes questions on the content of
the text and answers the questions of rivals. The quantity
and quality of questions and answers are estimated based
on knowledge of the text.

“Syllabus”. To summarize on separate sheets the
contents of each section in several abstracts, exchange
notes with another student, compose a sequence of them
that correctly reflects the contents of the text. The
correctness of the syllabus is estimated.

“Error”. From two proposed passages find the text
with erroneous statements and correct them. The number
of inaccuracies found in the text and the correctness of
their correction are estimated.

“Retelling in a circle”. To reproduce the content of
the text in parts by each student. The accuracy of the
retelling is evaluated.

Professional skills construction
At the second stage of the research, the authors
asked students to evaluate their skills. The questionnaire

showed that 30% of the students surveyed have difficulty
calculating the measurement uncertainty during term and
diploma design, as well as solving problems requiring
uncertainty calculation while studying interrelated
disciplines. 18% replied that they could not create a
budget of uncertainty by themselves. 70% noted that they
would like to get more practical examples of such tasks.
Thus, the problem stated by other authors has received
one more confirmation.

Based on the method proposed in [2], it was decided
to construct students' professional skills according to a
three-stage model: basic tasks of full certainty for testing
the methodology for evaluating the measurement result
and its uncertainty; professional tasks with partial
uncertainty (“case study”); complex interdisciplinary
tasks with complete uncertainty (project method). At the
same time, elements of e-learning were used at all stages
(mind maps, interactive videos, simulators).

The choice of specific pedagogical technologies was
also influenced by the extent to which, with their help,
metrology students can develop the general competencies
specified in the standard of higher education [8]:

— ability to evaluate and ensure the quality of work
performed;

— ability to apply professional knowledge and skills in
practice;

—the ability to search,
information from various sources;

— the ability to learn and master modern knowledge;

— ability to be critical and self-critical.

process and analyze

Case study

The case study analysis method is especially
effective in contextual learning for improving skills and
gaining practical experience in solving professional
problems individually and in a group. The defining
feature of the cases is the creation of a problem situation
based on the facts from real life or professional activity.
This make it to differ significantly from traditional
educational tasks and exercises [9].

This method, in our opinion, is particularly suitable
for studying measurement uncertainty since the
methodology for evaluating the measurement result and
its uncertainty proposed in GUM [5] represents the above-
mentioned practical task of the professional work of a
metrological engineer. In this case, the case may be the
entire procedure for estimating the measurement
uncertainty, or each of its stages. The case study method
also has the following advantage: as a result, students
receive a suitable solution that can be applied in similar
circumstances. The following are examples of such cases.

Case 1. For a few reasons, for example to save
production costs, the measurement technique allows no
more than three measurements of the same value. In this
case, the measurement result can be defined as the
arithmetic mean, mode or median of the obtained values,
but the statistical methods for estimating the uncertainty
with such a sample size will give a very rough estimate.
How to rationally represent measurement uncertainties in
this case?

Case 2. Since some operational parameters of the
equipment to be monitored can, can be measured only



once, it is necessary to evaluate the uncertainty of a single
measurement. How to do it?

Case 3. A TKM-459M type hardness tester carried
out a series of measurements and obtained the following
results 123 HB; 130 HB, 121 HB, 133 HB, 127 HB. At
the same time, the hardness tester operation manual
indicates that its absolute error does not exceed + 10 HB.
How to evaluate the measurement uncertainty in this
case?

Case 4. Choose a measuring instrument to control
the length of the product L = 900 mm, manufactured
according to 1T11 qualification (ISO 286-2: 2010).

Project Method

The difference between the project method and the
“case study” is that students are offered a more
voluminous task, the solution of which will require the
application of skills from various fields, and the result is
ready for the real development [10]. The project can be a
term paper, an annual practice report, a final certification
on a discipline, it can also be replaced, depending on the
volume, with several practical or laboratory works. This
method is good for developing skills of independent
work, work in a group, in a pair, as well as for
individualizing learning. In this case, the calculation of
measurement uncertainty will be one of the stages of the
project, integrated into professional activities. The
following are examples of assignments for such projects.

Project 1. At the gas distribution station
"Novopskovsk industrial site of the Severodonetsk linear
production department of the main gas pipelines of the
"Kharkovtransgaz" branch", pressure gauges of the DM-
05100, BE-16RB, MTI types are used to control gas
pressure. The metrological service of the station was
qualified to calibrate these instruments. Suggest necessary
improvements in the metrological support of this process.
The calculation of the measurement uncertainty should be
contained in the created calibration procedure and carried
out in the process of testing it.

Project 2. The conformity assessment organization
turned to an accredited laboratory with the desire to test
the wheeled vehicle for compliance with uniform
technical requirements. The object is a 2013 Daewoo
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Lanos car with an engine capacity of 1.5 I. Fill out all the
necessary documents. The results of the calculation of the
measurement uncertainty shall be indicated in the test
report.

Project 3. Design a digital device for measuring
mass from 0 to 5000 kg based on the comparison method
using a strain gauge transducer. Prepare the necessary
documents for its metrological certification. The
calculation of the measurement uncertainty should be
contained in the protocol of the studied metrological
characteristics, as well as in the compiled measurement
procedure.

Thus, the project method allows you to bring the
learning process closer to the future professional activities
of metrology students, as well as develop their skills in
self-organization, managerial, independent work, skills in
planning activities and teamwork.

E-learning

Modern technologies provide a wide range of
information and communication tools for education: from
e-learning systems to individual multimedia elements.
The latter are most convenient for point application,
where you need to solve a specific problem in the context
of a particular discipline, and do not require drastic
changes in the form of training, unlike e-course, SCORM
packages, etc. According to said above, such pedagogical
technologies as mind maps, interactive videos, and
simulators were chosen.

The mind map proposed by the American educators
B. DePorter and M. Hernacki [11] is based on the
principle of cognitive visualization, which follows from
the psychological patterns of the brain working on the
perception, processing, and transmission of information.
According to them, the efficiency of adoption is increased
if the visualization in training performs not only an
illustrative, but also a cognitive function, that is, cognitive
graphic learning elements are used (Fig. 2).

The difference between a mind map and a reference
signal is that usually it represents a larger semantic
fragment, and has a standard construction principle, while
the reference signal may have a different shape and a
variable size of the didactic unit.
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Fig. 2. An example of a mind map for the process of expressing measurement uncertainty



Interactive videos are another way to engage
students in active interaction with information (Fig. 3).
With their help, the teacher can create interactive video
tutorials by attaching polls, tests, open questions, links to
other resources to them, as well as designing scenarios
and learning paths. The main advantages of using
interactive videos instead of the usual educational video
materials include parallel monitoring of learning content
development and overcoming students' passivity. The
ways of using interactive video resources are diverse:
video instructions, quests, developing skills for solving
problems, creating role-playing games, etc. [12].

Or. John Symands

Fig. 3. Interactive video screenshot
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Better opportunities for developing professional
skills are provided by tools for creating electronic training
materials. The most famous of them are Articulate
Storyline, iSpring Suite, CourseLab, Adobe Captivate. All
of them allow you to implement the learning path, include
video, audio, graphics, tests, interactive simulators,
interactivity of various types with automatic sending of
results to the e-learning system. Fig. 4 presents an
example of such a simulator for measurement uncertainty.

Fig. 4. CourseLab simulator for studying uncertainty of
measurements

Approbation

The proposed pedagogical technologies were tested
at the third stage of the study when training metrology
students in the spring of 2019: 12 people in the control
group and 13 in the experimental group. The following
control characteristics of the group were identified:

— quantitative — the quality and success of training

— qualitative (highlighted in accordance with [13]) —
practical skills, theoretical knowledge, social activity,

interest in discipline, motivation for learning, connection
with the profession.

In both cases, the experiment was formative, one-
factor, open, parallel, in vivo. At the same time, the
control group studied the topic “Measurement
Uncertainty” in the traditional way: a lecture of 90
minutes, laboratory work of 90 minutes, and independent
work of 180 minutes. At the same time, the form, content,
and degree of adoption of the material during the
independent work of students by the teacher was not
checked.

The experimental group had to independently carry
out the simulator and compile a GUM text mind map (180
min), after which a lecture (45 min) was given, a seminar
was held to develop theoretical material using the
technology of working with educational literature (45
min) and to solve basic problems and cases (45 min) and
laboratory work on mechanical measurements (45 min).
Instead of a test, students were asked to complete the
project “Sharing the concepts of measurement uncertainty
and error in various metrological tasks” as a final grade
for the “Measurement Uncertainty and Error” module.

The learning outcomes are shown in tables 1 and 2.
In this case, anonymous questionnaire was used to
evaluate quality indicators.

Since the sample size is quite small, it is difficult to
reliably evaluate the distribution law of the control
characteristics of the group. Then, to determine the
statistical significance of the obtained results, it is
advisable to use nonparametric methods, for example the
Mann-Whitney criterion for independent samples [14].
The critical value of this criterion for the sample size n1 =
12 and n, =13 is U = 41.

Thus, in comparison with the control group, the
success of studying the measurement uncertainty
increased by 16%, and the quality - by 12% (Umin = 40,5).
It was also found that among the qualitative indicators
significant changes were in the "theoretical knowledge"
by 25% (Umin = 38), «practical skills» on 29 % (Umin =
23), «connection with profession» on 17 % (Umin = 39,5).
For «social activity» (Umin = 46,5) and «interest to
discipline» (Umin = 49) and «learning motivation» (Umin =
49,5) indicators the difference is not statistically
significant.

Table 1
Quantitative results of studying measurement of
uncertainty

Number of students
Control group Experimental group
A (90-100) 1 3
B (82-89) 2 3
C (75-81) 2 1
D (67-74) 2 4
E (60-66) 3 2
F (35-59) 2 0




Table 2
Qualitative results of studying measurement of uncertainty *

Theoretical knowledge
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - - 4 5 2 1 - - - -
Experimental group - - 1 3 5 3 1 - - -
Practical skills
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - - 1 2 5 4 - - - -
Experimental group - - - - 2 5 4 2 - -
Social activity
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - 1 5 5 1 - - - - -
Experimental group - - 2 8 3 - - - - -
Connection with profession
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - - - 1 2 5 4 - - -
Experimental group - - - - 1 3 5 3 1 -
Interest to discipline
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - - 1 2 4 3 2 - - -
Experimental group - - - 1 2 6 4 - - -
Learning motivation
Self-assessment on 1-10 scale 1 2 3 4 5 6 7 8 9 10
Control group - - 3 2 5 2 - - - -
Experimental group - - 1 1 6 4 1 - - -

*number of students, who chosen an answer

Conclusion

The experience of teaching measurement uncertainty knowledge, and practical skills. At the same time, social
in a higher educational institution has shown that there is  activity, interest in discipline and motivation for learning
a need for more professional and practical specialization ~ have not changed.
in the study of this topic by metrology students. To solve In this regard, in the future it seems necessary to
this problem, active teaching methods were chosen, the ~ apply the training method in cooperation in the context of

use of which is easily integrated into the existing the competency-based approach. This will make it
conditions of the educational process. possible to evaluate the indicator “practical skills” not as

The experimental results suggest that the chosen @ whole, but as a com_plex of copstituen_t competencies.
pedagogical technologies contribute to an increase in the ~ Such an approach will make it possible to choose
quality and success of the study of measurement Pedagogical technologies more accurately for the uniform
uncertainty by metrological students, their theoretical development of each competency.

AHoTanist

VY cTarTi po3rismaEThCs MpoOieMa aKTHBi3amii Mi3HABANBHOT MiSUTBHOCTI CTYAEHTIB, a TAaKOK MAaKCHMAIFHO €(EKTHBHOTO
BHUKOPUCTAHHS HABYAIBLHOT'O Yacy B MPOLECi BUBUEHHSI HUMH ITOHSATTS HEBU3HAYEHOCTI BUMIPIOBaHb Ta 11 po3paxyHKy. OnUTyBaHHS
56 cTyneHTiB nokasas, o 80% 3 HUX BBaKAIOTh II0 TeMy HaHOLIBII CKIaHOI0 B Kypci « OCHOBH MeTpostorii», a 60% BiANOBIIH, 110
M noTpiGHO Ginbliie yacy st i 3aCBOEHHS, HIX AaHO pOOOYOI0 MPOrpaMor0 JUCHMIUTIHM. [J1sl yCYHEHHsI BOTO HEJOMIKY CTYCHTaM
OyNIi 3ampoIOHOBaHI METOAMKH POOOTH 3 HABYAIBHOIO JIITEPaTypolO: OMOpHi curHaiu i Omin-rpu. L{i memaroriuxi TexHosoril
CIIPSIMOBaHi Ha Te, 00 MOTTIUOUTH PO3YyMiHHS TEOpii 3a TOH e Yac. AHKETyBaHH 3 IPUBOLY OTPHMAaHHUX HABUYOK TAKOXK MTOKA3alo,
mo 30% omWTaHWX CTYJCHTIB BiIUyBAIOTh TPYTHOIII NPH PO3paxyHKy HEBH3HAYEHOCTI BHUMIPIOBAaHb IiJ dYac KypcOBOTO Ta
JUIUIOMHOTO TIPOEKTYBaHHs, a TaKOX IIPU BHUPILICHHI MPHKIAJHHUX 33jad, [0 BUMAaraloTh PO3PaxyHKY HEBH3HAYEHOCTI, MiJ 4ac
BUBYCHHS B32€MOIIOB'SI3aHUX MUCHMIUTIH. 18% BIAMOBLIM, IO HE MOXYTh CaMOCTIHHO CKIIaCTH Oro/keT HeBU3HaueHocTi. 70%
BIZI3HAYMJIM, 1[0 XOTUIM O OTpUMATH Oijbliie MPAaKTHYHUX MPUKIAIIB BUKOHAHHS TaKWX 3aBlAaHb. [ BHpIMICHHS IMX MPoOIeM
aBTOPH MPOMOHYIOTH BUKOPUCTOBYBAaTH METO/] KEHCIB, METO/ MPOEKTIB, a TAKOXX EIEMEHTH €JIEKTPOHHOTO HaBYaHHS (KapTH mam'sTi,
iHTEpaKTHBHI BiJie0, TpeHaKepH). Pe3ynbTaTi menaroriqyHoro eKCHeprMEHTY MMOKa3aly, IO 3aBISKU IbOMY YCHIIIHICTh BUBUCHHS
HEBU3HAYEHOCTI BUMIipIOBaHb 30inbmiacs Ha 16%, a skicth - Ha 12%.

KitrouoBi cjioBa: MeTOI MPOEKTIB, METOI KeifCiB, HEBU3HAUEHICTH BUMIPIOBaHb, OTIOPHHIA CHTHAJ, €IIEKTPOHHE HABYAHHS.

AHHOTAIMA

B craree paccMarpuBaercs mpoOiemMa aKTHBH3ALMM MO3HABATENHHON [ESITENPHOCTH CTYAEHTOB, a Takke MAaKCHMAIIBHO
3¢ }exkTHBHOTO HCTOIB30BaHMSA YI€OHOTO BPEMEHH B IIPOIECCE HM3YUCHUs MMHU IIOHATHS HEONpENeJIeHHOCTH H3MEpeHHH U ee
pacdeta. Ompoc 56 cTyneHTOB nokasai, 9To 80 % 13 HUX CUMTAIOT 3Ty TeMy Haubojee cI0kHOI B Kypce «OCHOBBI METPOJIOTUIY, &
60 % OTBETHIIH, YTO UM HY>KHO OOJIbIIIE BpEMEHHU AJIsl €€ OCBOCHHS, YeM JJaHO pabouel mporpaMMoi AUCHUIIHHBL. s ycTpaHeHHs
9TOT0 HEJOCTATKa CTyJeHTaM ObUIM IPEeAoKeHbl METOIUKHU paboThl ¢ y4eOHOM ITUTepaTypoil: OOPHBIE CUTHAIBI U OJMUI-UTPBL. OTH
MeJarorn4eckrue TeXHOIOTHH HAMpaBJIeHbl Ha TO, YTOObI yIITyOUTh MOHMMaHUE TEOPUH 3a TO K€ BpeMs. AHKETHPOBAHHE MO MOBOIY



MOTYyYCHHBIX HABBIKOB Takke Ioka3ano, d9to 30 % ONpOIICHHBIX CTYAEHTOB HCIBITHIBAIOT TPYOHOCTH IIPU pacdere
HEOTPEIEIEHHOCTH U3MEPEHUIl BO BpeMsl KypCOBOTO M JUIIIOMHOTO MPOEKTHPOBAHHS, a TAakKe MPU PELICHUU MPUKIATHBIX 3a7ad,
TpeOyoImuX pacdyeTa HEONpEIeNeHHOCTH, BO BpPeMsl H3YUeHHUS B3aUMOCBS3aHHBIX IUCHMIUIMH. 18 % oTBeTHIM, YTO HE MOTYT
CaMOCTOSITENIbHO COCTaBUTh OIOMXKeT HeompenaeneHHOCTH. 70 % OTMETHIM, YTO XOTeldu Obl MONYy4YHTHh OOJBIIE MPAKTHUECKUX
MIPUMEPOB BBINOJIHEHMS TaKWX 3afgad. i pemeHus 3TUX MpoOJIeM aBTOPBI IMpPEANararoT HCIOIb30BaTh METOJ KEHCOB, METO]
[POCKTOB, a TaKXe O3JIEMEHTHI AJIEKTPOHHOrO OO0y4eHMs! (KapThl MaMsTH, HHTCPAKTHBHBIC BHCO, TPEHAaXEpHI). Pe3ynbrarsl
MeJarorN4eckoro SKCIIEpHMEHTa II0Ka3ald, YTOo Ojaromapsi STOMY YCIEIIHOCTh H3YYCHHS HEOIPEACNICHHOCTH H3MepeHuit
yBenuuuiach Ha 16 %, a kauectBo — Ha 12 %.

KnrodeBble ciaoBa: MeToJ IPOEKTOB, METOJ KeHCOB, HEONPENENICHHOCTh HM3MEPEHWH, OIOpPHBIA CHTHAJ, 3JIEKTPOHHOE
oOyueHue.
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