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Abstract: This paper presents the research and discussedintiegs concerning the
identification and definition of quality dimensiomslated to the monitoring data obtained in
the safety control of major civil engineering warkemely dams and bridges. The analysis of
the behavior and the safety evaluation of theseksvessentially depend on the quality of the
data collected by the sensors, nameddigervation databesides the quality of the models
and, last but not least, the knowledge and expegiefithe experts involved.

In addition, LNEC" stores and preserves the observation data congemmiajor Ccivil
engineering works, which represents an importasgarch source for LNEC and Universities
and, thus, shapes itself as an e-Science scexsffierently from other e-Science environment
authors, we have not restricted our work to obyectiimensions, whose measures can be
calculated automatically. It appears, from the etgdeopinions, that some subjective
dimensions can largely enrich the quality informatiabout archived data at the expense of
some additional work in data curation.

In the development of this research we used aimerkrsion of the Delphi method with the
Q-Sort technique, complemented with upstream igars and a downstream meeting with the
experts. We found out, and sorted by the importaewel assigned by the experts, ten
dimensions for the quality of observation data, clhareerror-of-observation, coherence,
relevancy, interpretability, timeliness, completefeaccessibility, appropriate amount of data,
access security and preservation.

Key Words: Data Quality Dimensions, Monitoring Systems, $ess Civil Engineering
Works

INTRODUCTION

Monitoring of major civil engineering works playskay role in the study of the behavior of these wgork
and it is of major importance for their safety cohtifor the calibration of the models, and for the
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identification of topics requiring further studydanesearch. Currently, monitoring is the major sowfce
knowledge concerning the real behavior of thosekaior
Monitoring activities essentially include: the siien of some variables related to the main actitms,
properties of the works, and the direct effectaaifons (displacements, strains, etc.); the placememt
the works of devices or sensors able for the olbsgienv of those variables; and their periodic, marmual
automatic, measurement along the lifetime of the wofke data collected from such measurements,
complemented by the data observed through visualeatgms, after validation, analysis and
interpretation, is the basic input of the modelduse safety evaluation.
The observation data concerning major civil engiimgekvorks must be stored and preserved by the
owners along the lifetime of the works, and in soraees by national agencies. It is the case of the
records of major Portuguese dams stored by the LabimraNacional de Engenharia Civil (LNEC),
which represent an important research source for@Bd universities. This situation shapes itselras
e-Science scenario and we are currently runningsaarch project aimed at integrating the concepts of
data quality and digital preservation: firstly wdlwonsider the data preservation as a dimensioitsof
guality, on the other hand the quality indicatordl Wwe preserved as metadata in the digital curation
process [16].
While defining data quality as fitness for use lafadconsumers [35], it is necessary to understarad wh
must be measured and how it should be measured. atheqdality dimensions are, in this case, the
characteristics of data quality that are meanindéul the security experts and researchers of civil
engineering works. Although we intuitively assoeialata quality with intrinsic characteristics, swsh
accuracy, we easily conclude that by using the abowncept, that there are other meaningful
characteristics of data quality that are prizedh®jr users, such as interpretability, relevanty, e
Data quality in e-Science scenarios has been aktie$or instance, under the Qurator project [1f, 2
and by [16], whereas sensor data quality has beégressed by many authors, such as [5, 10, 11, 32].
Like other authors, such as [11, 16, 17, 24], weehased the data quality dimensions available in the
literature, selecting those applicable to the areder review and adapting their definitions.
While considering, as it follows from the definitiothat data quality depends on their users’ needs,
have decided, like [16], to release the measuredat# quality dimensions assigned by their suppliers
that, in this, as in many other cases of e-Sciengganments, are both their first and main users.sThu
other users will have measures assigned by expelish will allow them to select the data based on
their own quality needs. Differently from [16], abdcause we consider data as a product whose quality
is perceived by its users, we have not restricted dimensions to be selected by the experts to the
objective (or impartial [28]) ones, giving them atbe opportunity to choose the subjective onesdhat
applicable, which will be measured through survéyd fdministered to their suppliers and first users.
This document presents the work and findings reggrttie identification and definition adaptationtioé
quality dimensions of monitoring data used in saéetytrol of major civil engineering works.
To the best of our knowledge, this work includes fibllowing innovative aspects:

— ldentification and definition of quality dimension® the monitoring data in major civil

engineering works;

— The use of a rigorous method for identifying theadguality dimensions of a specific domain.
The paper is organized as follows: in this secti@introduce the research problem, in the background
section we present the problem of monitoring majeit engineering works and the different approaches
on data quality dimensions definition, followed bythwalological framework. In data collection, results
and discussion section we present the researcleggothe results and discuss the findings. Firvedly
present the conclusions, the limitations of theknaord some guidelines for future research.



BACKGROUND

This section involves a brief presentation of thendamentals underlying this work, namely the
monitoring of major civil engineering works and dgtality dimensions.

The Monitoring of Major Civil Engineering Works

Monitoring of civil works includes:
a broad set of measures which allow a permanent lealgel on the condition of the works,
aiming at the detection of events that may endargerdliability (safety and functionality) of the
works and to take the necessary corrective meastoeprevent or mitigate possible
deteriorations. Beyond this fundamental objective fioe reliability control of the works,
monitoring also allows obtaining important informatidior the modeling, design and
implementation of future works, as well as to asghesreliability criteria established by the
regulations and the professional practice, andi¢atify the topics that need further studies and
research [18].

The project of major civil engineering works, likards and bridges, should include tieservation plan
with the measures to be implemented for the inspeeti@h monitoring of the works, namely with the
main control variables and observation devices whhtcompose themonitoring systemThis system is
implemented during the construction of the works, ératlequately operated along the work’s lifetime,
reduces drastically the probability of an undetéeienormal event.

The data collected through the monitoring system lshdie¢ adequately validated, analyzed and
processed, in order to obtain indicators on thekisgrerformance and to evaluate their safety by mean
of models. Finally, the monitoring data should bprapriately stored, in order to enable further sad

For a better understanding of what is at stak@émntonitoring of civil engineering works, some corisep
will be defined [18]:

— The observation dataare the values obtained directly from the obsesmatievices or sensors,
sometimes in the form of electrical quantities or pthee, related to the variables selected for
controlling the behavior of the works, such as kispments, deformations, water flows and
pressures, etc;

— The observation resultsare the values of the variables selected for otimg the works
behavior, obtained from transformation of the dataugh constants specific to each observation
device, in accordance with calibration performethatplacement of the device and repeated after
a period of time more or less extended,;

— The interpretation of the observation resuliiscludes the correlation of different observation
results, namely those concerning the actions (terhpesa water levels, etc.), the characteristics
of the structure (deformability, strength, etc.) dhd structural responses (or structural effects)
(displacement, deformation, stress, etc.), as wethaspossible consequences of these effects
(cracking, sliding, overturning, etc.), which isrgad out through more or less sophisticated
models. These models are usually classified ast8tatior deterministic, the latter including a
larger extent of physical assumptions (mechanibatnal, etc..) on the problem under analysis.

Furthermore, it is considered that the analysis iatetpretation of the observation results can mevi
information on the quality of the observation data.

On the other hand, the quality of the model is eglatith its ability to correlate the different obgation
results, and therefore to enable future predictmmcerning the behavior of the works. When the rhode
initially calibrated, cannot correlate adequatehe tobservation results, the following may occur
(cumulatively or not):



— The data has no quality;
— The assumptions which shaped the model are no merpiatk (the model lost quality), owing to
significant change in the characteristics of thekwo

Data Quality Dimensions

The data quality dimensions presented in the lileeatefer to both the data in extension, ie, thaives,
and in intention, ie their definition (schema). Dwgithis work only the first part will be addressed,
because the raw material for the works’ safety mainidgpis the data. The second aspect mainly retates
the relational schema normalization (according tody@thd was not subject to this study.

Three approaches to dimension identification anéhidiefn available in literature were identified j8],
for which the first authors are identified: a) thetical [33]; b) empirical [35] and c) intuitive 12

Although there is no consensus among the varioysogads, neither in the number of dimensions, nor on
their definitions, there are four dimensions, ppehdhe most significant ones, although with small
differences in definition, that are common to thee¢hproposalsaccuracy, timeliness, completeness and
consistency.
Concerning the quality of data for safety monitoriofy major civil engineering works, the quality
requirements that drive our choice of quality dimensiare, as in [24]:
— Has followed a rigorous process for its definition;
— Keeps focus on the values of data, which consttheéeaw material for safety monitoring of civil
works;
— Consider the data as a product whose productiooepsocan be improved to achieve a higher
quality.

Given the above and considering the comparativeysisabf various proposals made by [24], our choice
is, above all, the empirical approach [35].

Despite that, and understanding that data qualityedsions and their relative importance are highly
dependent on the specific field of application [16, 17, 24], it will be examined, considering the
expert's opinion, which of the fifteen dimension®posed by [35] are applicable to observation data,
adjust their definitions, and possibly seek othgnificant dimensions in that area and that havebeen
proposed.

RESEARCH M ETHODS

This is a predominantly qualitative research, whiclught to interpret the views of a wide range of
specialists on civil engineering works monitorifgpat the observation data quality dimensions anid the
definitions. For this purpose interviews were usgsiwell as a series of Delphi questionnaires With
Sort, available online and a final meeting to revibw results obtained in the Delphi study, selbet t
dimensions to retain and refine their definitions.

The Delphi Method with the Q-Sort Technique

The original Delphi method was developed by Normatk&aof the RAND Corporation in the 1950’s
for a U.S. sponsored military project. It is an atére process to combine the opinions of a group of
experts in order to reach a consensus.

Delphi is "a method for structuring a group commutioza process so that the process is effective in
allowing a group of individuals, as a whole, toldedh a complex problem” [15] cited by [38]. This &



method that allows for the analysis of qualitatiegag that doesn’t use random sampling, using, however
a number of experts. An expert in the context &fedphi study is a specialist in the field of knodde
within which the study is developed.
A Delphi study consists of a series of questiorerileach one corresponding to a round. The rounds
continue until reaching a consensus or finding ithiatnot possible.
The Classical Delphi method is characterized by kayrfeatures [22] cited by [30]:
— Anonymity of Delphi participants;
— lteration: allows the participants to refine th@ews in light of the progress of the group’s work
from round to round;
— Controlled feedback: informs the participants of dtiger participant’s perspectives, and provides
the opportunity for Delphi participants to clarify change their views;
— Statistical aggregation of group response: allawafquantitative analysis and data
interpretation.
The first round may start with a set of open questipn this specific case data quality dimensioms} o
set of questions proposed by the researcher #iteliterature review [8] cited by [38], [30]. Expe may
propose, in any round, new issues (in this cage, glaality dimensions) relevant from their point adw.
The experts selected for the study were speciadiats researchers from LNEC, responsible for the
monitoring and security control of major civil engering works, including embankment and concrete
dams and bridges. Despite all of them working onltiEC campus, the number of individuals involved
(about 40) and several agenda problems ultimatehatdid the use of Delphi, which was supplemented
by upstream interviews and a downstream meeting wltted experts, as proposed by [6] and [30].
Delphi techniques are most appropriate under twaunistances [14] cited by [38]:
— "The problem does not lend itself to precise anedytiechniques but can benefit from subjective
judgments on a collective basis;
— Individuals who need to interact cannot be brouaggether in a face-to-face exchange because of
time or cost constraints”.
In this study both the above circumstances appsiedt, was decided for the use of that method.

The Q-methodology was developed by [31] cited by},[2Bd provides grounds for the systematic study
of subjectivity. The distinctive feature of the @¢Stechnique, a component of Q-methodology, is ithat
is required of panel members to order the questioogiged under a predefined distribution, usually
approximately normal.

The Q-Sort technique is usually preferred to a tiilseale when one wants an order and not just a
weighting.

This research has been developed in three complemeateps:

1. Questionnaire preparation: the data quality dimerssfoposed by [35] have been evaluated and
discussed in a series of interviews with specmlist order to select those that best suit the
observation data, adjust their definitions and sjidg, add new dimensions. At this stage it was
also submitted an initial version of the questiommab three participants, to validate their
understanding of the dimensions’ definition;

2. Application of the Delphi questionnaire with Q-Stota set of experts in major civil engineering
works security monitoring;

3. Final meeting with some senior specialists for thewksion of the the results, selection of
dimensions to retain and final tuning of the deioms.



DATA COLLECTION , RESULTS AND DISCUSSION

First Stage - Interviews with Experts

At this stage the dimensions and corresponding oatsgof the quality of observation data for major
civil engineering works were pre-selected from thiedefined in the empirical approach [35].

In order to select and (re)define the dimensionghskervation data for major civil engineering wortgs,
be later assessed by experts using the Delphi meititedviews were held with six senior experts.

As a result of these interviews and by consensus:

— The following dimensions were withdrawn because,orting to the experts, they are not
applicable or are redundant with respect to othelgectivity, believability, reputation, value-
added, ease of understanding, concise representatio

— Therepresentational consistencdymension has been redefined similacomsistencyn [21], and
moved from the representational category to thenisittione. The experts preferred to use the
termcoherencdgsee Table 1.);

— Theaccuracydimension was defined similar to [21];

— The other dimensions were analyzed and their digfitsitadapted to the domain under analysis.

The following are the results obtained in thistfgtep.

DQ Categories Definition DQ Dimensions

Data hagquality in their ow

Intrinsic Accuracy, Coherence

right
Data is accessible to the g
IAccessibility consumer and has sonAccessibility, Access security
security level
Data quality consider L
Contextual within the context of the taReIevancy, Timeliness, Completen

at hand Appropriate amount of data

Representational [Data is clearly represented [Interpretability

Table 1 - Categories and dimensions of qualitylfepvation data in major civil engineering workfemthe first
stage. Adapted from [35]

Below are the dimensions and their definitions, Wwhigere, where necessary, adjusted to the domain
under analysis.
Intrinsic Category Dimensions Definition
1. Accuracy- A function of the distance between(measured value) and(true value).
In the case of observation systems that dimensidadas several different aspects, namely:
a. Suitability of the observation and the reading desito measure the required variable
(precision, resolution, ...);
b. Proper use of the reading devices by the obsefwensanual readings);
c. Quality of data transmission between the computahéncivil work and the server (in
automatic readings).
Considering the accuracy normalized between 0 afwihére 0 represents the least desirable and 1

2 In the case of observation systems, to measurealbe of variable it is necessary to useohservation deviceor
sensor(eg. clinometer) and r@ading device(eg. coordinatometer) diata logger(in case of automated reading).



the most desirable score), it could theoreticallychaleulated (considering the exponerat sensitivity
parameter) as:

2.

Erro! Era esperado um digito.

Coherence— To what extent the data is compatible with eatiferoand satisfies the rules
applicable to it. The evaluation of this dimensioaymequire interpretation and models.

Accessibility Category Dimensions Definition

1.
2.

Accessibility- Data are available and easily and quickly reéte
Access Security Access to data can be restricted and hence &eptes

Contextual Category Dimensions Definition

1.

2.

Relevancy- To what extent the data is effective for theemted purposes and is efficient in its
use. This dimension is materialized in the definitiddtheobservation system

Timeliness -The age of the data available from the informatigstem is appropriate for the task
at hand.

According to [1] the timeliness of a raw (or primé) data item can be calculated as:

currency) ]}5

timeliness = {max [(1 -
volatility

Timeliness is thus measured on a continuous scame €rdo 1, where 0 means that data are
unacceptable from the timeliness viewpoint and 1 theta meet the most strict timeliness
standard [1]Currencyrefers to the age of the data itevolatility to how long the item remains
valid and the exponemtis a parameter that allows controlling the sengjtiof timeliness to the
currency-volatility ratio.

Completeness To what extent there are no missing readings (dukutoan failure, reading
devices malfunction or communications disabilities)l &#me data is necessary and sufficient to
respond adequately to the problem under analysis.

Appropriate amount of dataFhe quantity of available data is appropriate.

This dimension is related to the frequency of meaments and the ability to change that
frequency according to various needs.

The volume of data should be the minimum that allowsgpropriate response to the intended
purposes, although it is desirable that there mesoedundancy regarding the data with greater
relevance.

Representational Category Dimension Definition

1.

Interpretability —Data are in appropriate language and units andatedefinitions are clear.

The nine selected dimensions and its definitionsevpdaiced in an online Delphi questionnaire, with
Q-Sort, offered by Universidade do Minhohitip://www3.dsi.uminho.pt/gavea/delphi/default.asp

Second Stage — Delphi Study

This section will present the rounds of the Deltiaidy, as well as the results obtained.

1st Round of the Delphi Study

In the 1st round 36 experts in the monitoring ofarete and embankment dams and bridges were asked,
to whom the 9 dimensions shown in Table 1 were ptedewith the definitions provided in the previous
topic. According to [30] in the case of a homogersegioup, 10 to 15 participants are sufficient, ibig
also pointed out that a greater number of particgpanrcrease the quality of the decision.

This round was held for two weeks and was answieye2 experts, representing a rate of 61% which is
within the average. Contact with the experts wdd hg email and phone.

According to the answers from the 1st round it b@sn possible to obtain an initial ranking of taa
guality dimensions by importance, obtained by thdofehg logic: the dimension ranked first (most



important) was given 1 point, 2 points to the secand so on until the last (least important) to wtich
points were given. The sum of points obtained byhahimension, according to the members’ responses,
provides its score. The ranking is obtained by rdicgy order of the scores, the lowest sum is thet mos
important and the highest sum is the least imporfdre.results are presented in Table 2.

The experts attributed a prominent position to amcyiiand coherence, which received the same number
of points (60), only differed by the standard dévia

To assess the level of agreement among panel memltendalks W coefficient was used [22, 23, 26],
whose value was 0.513, significant at 0.000 leveicty, according to [26], means moderate agreement.
This coefficient ranges from 0 (no agreement) arn(gekfect consensus). There were no proposals for
new dimensions.

2nd Round of the Delphi Study

For the 2nd round 24 experts were invited: the 2? wesponded to the 1st one and two national expert
in concrete and embankment dams.

This round lasted for two weeks and 18 of the 2geets responded, representing a response ratéaf 75
According to the answers from the 2nd round, a amdering of the data quality dimensions was obtained
by relevance. The results are shown in the follgwable.

15t
2" Round Results Round
Results
Dimension Position Sumof | Average Standard Position
Points Deviation
Accuracy 1 42 2.33 1.78 1
Coherence 2 48 2.67 1.24 2
Relevancy 3 50 2.78 1.52 3
Interpretability 4 74 4.11 2.22 4
Timeliness 5 89 4.94 1.76 5
Completeness 6 115 6.39 1.79 7
Accessibility 7 118 6.56 1.46 6
Amount of Data 8 127 7.06 1.59 8
Access Security 9 147 8.17 1.25 9

Table 2 - Ordering of the dimensions from the hst 2nd rounds

The Kendall's W coefficient is 0.615, significartt@000, which, according to [26] is close to sgon
agreement (0.7), by which we decided to end thelb&pudy.
The Spearman's rho correlation coefficient [23]Jaarning the dimensions order between the 1st and 2nd
round is 0.967, significant at 0.01 level. Indeednzen the 1st and 2nd round the ordering has rexhain
constant with only position exchanges between tle dmension (completeness) and the 7th
(accessibility). This reflects the theory assocdlatéth the Q-Sort which states that the panel meminers
more confident on the most and least important issues
By interpreting Table 2 we may deduce, intuitivelye importance that the panel members assigned to
the various quality dimensions:
— The most important are accuracy, coherence andamte. The experts clearly gave the 1st place
to accuracy, followed closely by coherence atelvence;
— Interpretability and timeliness come next;
— The least important are completeness, accessibildyaanount of data and, ultimately, the access
security.
This interpretation was confirmed statistically blster analysis. We used the Ward's Method for
Hierarchical Clusters [23] in SPSS, and have chiarged each dimension by the sum of the scores



assigned by panel members and its standard deviation.

The following facts must be noted:
— The timeliness dimension is uncommonly consideredtirpbsition;
— None of the accessibility category dimensions wéghlf addressed by the experts.

Third Stage — Meeting with Experts

We invited four of the most senior Portuguese espirtcivil works monitoring, three of which also
participated in the Delphi study, for a final megtiThese specialists surrounded themselves witke thre
other researchers, two of which also respondele®elphi study.

The meeting had the following agenda:

— Refine the definitions of the quality dimensionstloe observation data;

— Understand why the timeliness dimension only ocaupie 5th place (intuitively it would be
expected that this dimension was closer to the top)

— Choose the dimensions that will remain, in order valgate and improve the quality of the
observation data, taking into account the ordeoiiifpe 2nd round;

— Understand if the relevant dimensions, identifiedhe preceding paragraph are valid for manual
and automatic reading devices. If not, it shoulddestified which of them apply to each type of
device.

Refine the definitions of the quality dimensions fothe observation data

The experts decided to add a new dimenspyaservation to the quality dimensions covered in the
Delphi study, with the following definition: ensng that any user or system can access and intéharet
data in the context in which they were created.sTdimension was consensually placed in the
accessibility category.

Without changing the basic concept, the defingiofithe following dimensions were refinextcuracy,
accessibility, access security, relevance, compéste and amount of datihese have been defined as
follows:

— Accuracy- The accuracy dimension has been replaced byettog-of-observationdimension
because, according to the experts, it is mostly urseidvil works monitoring. Considering as
the true value of the variable under measurevard the measured value, we could theoretically
calculate the error of-observation of the valWighormalized to between 0 and 1, where 0
represents the most desirable and 1 the least diesgeore) as:

|

The exponensis a parameter that allows us to control the $witgiof the error.

v—v

error = [min (1,
v

The fact is that we will never know the true valuef the variable, so we must instead calculate
the error-of-observation The experts considered that the error-of-obsenvatiepends on
multiple factors, the two most significant being theecision of the observation device)(p
defined as the smallest change that the observdgéuite can providand theresolution of the
reading device J, defined as the smallest change that the readwigedean distinguish [7]:

error — of — observation = f(p,, 1)

The error-of-observation should alwaysenaximum-permissible-error, taking into account the
characteristics of the variable to be measured. iEhaghieved through the choice of observation



and reading devices at the time of definition ofdbhservation system, and through the frequency
of the equipments’ calibration.

— Accessibility- Data is available and retrieved easily and duiek well as obtained in the proper
format. Progressively this access will be availabigwhere that has Internet access (cloud
computing).

Ex: Finding the results and entering them into aagsheet.

— Access SecurityData can only be retrieved, updated or insertedutlyorized users.

— Completeness This dimension is directly related to the opensaiation of the observation
plan.

To what extent there are no readings missing (duenissing campaigns, human failure,
observation or reading devices’ malfunction or commatidns disabilities) and data is necessary
and sufficient to respond adequately to the prohlader analysis.

— Appropriate Volume of Data Fhe quantity of available data is appropriate te thtended
purposes.

The volume of data should be the minimum that will allan appropriate response to the
intended purposes, although it is desirable thertetlis some redundancy regarding the data with
greater relevance.

This dimension relates to:

- The frequency of measurements and the ability togdnéimat frequency according to various
needs;

- The ability to interpret only the data that meedgtain conditions. It must be noted that, as
changes or interpolations of data values are nogmed, only filters that do not modify
these values can be used.

Understanding the timeliness dimension positioning

To a better understanding of what follows, we retted timelinessdefinition in the context of this work:
the age of the data available from the informasipstem is appropriate for the task at hand.

The participants explained that they consideretbfination system" in a strict sense as the appdicat
system supported on a relational database whereaoalbset of the observation data is saved and the
interpretation models implemented.

Beyond what was stated, the position of this dim@ng, according to the specialists, due to thetfaat
safety monitoring is usually carried out expeditigiend upstream of the data storage in the informatio
system.

— For all the works with automatic readings, the valoéthese readings are momentarily analyzed
for expeditious security monitoring. Despite thisydacurrently, data is only stored in the
information system to be interpreted by models irtaiertime intervals or in situations when
something abnormal happens;

— In major concrete dams, the regulation requires ttherte is a person responsible for technical
operation in the works, who makes visual inspectiomsa daily basis and does the reading of
main observation devices (in the case of manual mgajli In the case of anomaly detection (eg.
opening of cracks in a dam) a campaign is immediatetjenexpeditiously (where only the most
significant observation devices are read), whosi daust be collected immediately on the
information system to be interpreted by models, antthis case the timeliness is very important.
In the case of manual readings, complete campaigasrautinely carried out, where all
observation devices are read and the data is stoith@ information system to be interpreted by
models.

Despite what was stated we still consider the ikggbosition of the timeliness dimension as an open
problem.

Dimensions of Observation Data Quality to Keep

The specialists decided to retain the nine dimesgwasented in the Delphi study, to whprieservation
must be added.

Manual and Automatic Reading Devices



It was unanimously decided that the ten dimensioawalid for manual and automatic reading devices.

The observation data quality categories and dimassib major civil engineering works are presented in
Table 3.

DQ Categories DQ Dimensions
Intrinsic Error-of-observation, Coherence
Acessibility Accessibility, Access Security, Presgion
Contextual Relevancy, Timeliness, Completen
Appropriate Amount of Data
Representational Interpretability

Table 3 - Observation data quality categories amgkdsions of major civil engineering works

CONCLUSIONS

This work was aimed at identifying and defining tleéevant quality dimensions of data on the safety
monitoring of major civil engineering works.

Through a multi-method approach [30] ten dimensiorgewdentified, defined and nine of them sorted
by relevance to their users (except for the pregemy dimension). These dimensions are: error-of-
observation, coherence, relevancy, interpretabilitpeliness, completeness, accessibility, apprapriat
amount of data, and access security. All of thesgedsions were available in the literature, except fo
preservation.

Differently from other e-Science environments autjaf, we have not restricted our work to objective
dimensions (eg error-of-observation), whose meastaasbe calculated automatically. It appears that
some subjective dimensions (eg relevance, interpliggalcan largely enrich the quality information
about archived data.

These subjective dimensions will be measured thraugheys of LNEC experts and in some cases, the
representatives of works’ owners (eg. EDP), whightheir providers and first users [13].

The analyzed domain addresses the issue of datayguatwo areas still poorly explored and highly
topical: data collected bsensorsande-Science environments

We believe that this study’s results will be verseful in the characterization of data quality ofilci
works, at least those monitored by LNEC.

LIMITATIONS

As in any Delphi study [26, 27], the participamstlis study were not randomly selected. Nevertseles
they are some of the greatest national expertsricrete and embankment dams and bridges monitoring.
Furthermore, the Delphi method characteristics leafh¢tors such as the respondents’ willingness and
the understanding of all dimensions, which may haflaénced the results.

Another limitation of this work has to do with hagitbeen performed only with Portuguese specialists
and thus it is difficult to generalize its findings other regions or countries. It is thereforeiasting to
replicate this study in other countries or geogmamreas, with these or other convenient research
methods.



FUTURE WORK
As part of this research project the following &gkll include:

1. Identification of assessment units for each dimenspgy. one observation, a pair observation
device-reading device, a campaign (set of obsemaiio a given moment in time in some civil
work), a civil work or the information system thatpports a set of civil works;

2. Although each dimension can be assessed subjsctnel objectively [19], it is considered that,
in the context of this work, this dual assessmenimipracticable. So, the more “objective”
dimensions will be evaluated objectively (pg errbobservation, coherence, timeliness,
completeness) and the more “subjective” ones (pgvaaley, interpretability, accessibility)
subjectively. Nevertheless, it is understood tleme dimensions may need a double assessment
(pg access security);

3. Development or adaptation of mathematical models totfyathe objective dimensions, and
surveys to quantify the subjective ones;

4. For some objective dimensions, for instance, erravhsfervation, timeliness and completeness:
development or adaptation of mathematical models fer gtopagation [1, 11] (also called
composition [2]) (pg. aggregation, algebraic andabdase operations) of the quality indicators,
from the collection of observations to the interptiein models. We are thinking about using IP-
MAPs [25, 28, 29] to represent the quality propagabn the selected dimensions, using the
Quality Check Blockdor data quality evaluation and propagation withire information
manufacturing system.

Under the current project, it was decided to optafaitilitarian strategy and only improve the quabf
the observation data, if the quality of the intetption results so requires.

Another future research line is to replicate thisdg in different countries or geographical regioas
previously explained.
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