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 This paper is intended to design and develop multidimensional and decision tree based 

frameworks, for assessing the quality of a big data. Since the datasets represented in a big 
data environment is both complex and multidimensional, the quality of big data can be 

better viewed through multiple dimensions. Most enterprises face number of challenges in 

managing the quality of the big data during their initial setup or migration from traditional 
database or after building the big data. This paper uses multidimensional model proposed 

for Knowledge Management System for designing critical quality dimensions for big 

data. Based on the extensive literature review, this work proposes a classification of big 
data quality into many quality factors such as accessibility, consistency, integrity, 

usability, relevance, completeness, compatibility, conformity and accuracy. Since there 

are very few appropriate data stewards or frameworks available for confirmation of 
quality dimensions, this paper aims to develop some hybrid approaches using multi-

dimensional model and decision tree based methods for automatic quality checks. Using 

decision tree, multiple if-then rules can be formed to decide on the quality of data based 
on the specific constraints developed for big data. The paper also aims to provide the 

quality framework and measures which can serve as a data quality firewall just like an 

internet firewall to proactively find the quality issues and apply the rules based on the 
decision tree algorithms to prevent bad or inconsistent or invalid data or access entering in 

to the big data environment.  
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INTRODUCTION 

 

 With increase in volume of data warehousing, 

methodologies need to be devised to improve the 

standard and quality of data in the industry. As the 

database of any organisation is the most important 

entity and all decisions rely on the same, the data 

should be of certain acceptable quality. The data 

volume tends to grow day by day. Some 

organisations have mechanisms to purge and backup 

the database periodically. These operations have an 

impact on the performance of database servers. The 

data needs to be organised effectively so as to extract 

useful information from the same.  Big data is used 

to portrait a substantial volume of both unstructured 

and structured data and hence it is difficult to process 

the data using traditional database management 

systems and software tools. Since the datasets 

represented in a big data environment is both 

complex and multidimensional, the quality of big 

data can be better viewed through multiple 

dimensions. Though big data aims to help 

organizations to make faster decision and offer better 

business intelligence and data analytics, management 

of quality is becoming a serious concern for most of 

the organizations. The quality of data is nothing but 

fitness for use. Most enterprises face number of 

challenges in managing the quality of the big data 

during their initial setup or migration from traditional 

database or after building the big data. Apart from 

the initial setup, the quality issues continue to prevail 

during the application integration and maintenance 

stages. When dealing with larger datasets, 

organizations face difficulties in creation, 

manipulation, integration and management. There are 

no standard tools, frameworks, procedures and 

quality measures designed to support and search and 

analyze massive datasets. In this work, the quality 

aspects of big data are assessed and analyzed through 

multi dimension model  and decision trees. This 

exercise provides an opportunity to industries to 

identify the areas where improvement in data 

http://www.webopedia.com/TERM/D/data_set.html
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standards is required. A knowledge management 

framework for big data has been provided so as to 

enable industries to convert their existing databases 

standards comply with the requirement of big data. 

An attempt has been made to apply the decision tree 

logic to the Knowledge Management Framework so 

developed to formulate a set of rules to evaluate the 

quality of data. A quality indicator is also provided 

for the data which serves as a guideline to the user to 

identify areas where data quality is poor. The quality 

indicator also helps the end users in improvement of 

these areas instead of analysing the entire data as a 

whole. In this regard Criminisi et al (2012) has 

proposed a model for a decision forest tree. In this 

work, a probabilistic model has been proposed to 

handle forest trees using classification and 

regression. Data is classified as text, video, 

photographs and decision trees are applied at random 

to a forest of trees. Berendt and Preibusch in 

(Doulkeridis, C., N. Kjetil, 2014) explain different 

data mining techniques based on certain attributes. 

Doulkeridis and Norvag in (VenkataSubramanian, 

D., 2012) explain the map-reduce technique for a 

large analytical query to a database. This work 

applies a querying technique to big data based on 

scalability requirements of current data analytics. 

Different data visualising techniques are also 

illustrated in (VenkataSubramanian, D., 2012; 

Evgeniy, Y.G., V.G. Vassily, 2013; Floarea, S., 

2013; Jawwad, S., 2013; Liam, E., 2013; Madhushri, 

B., 2014; Murray, E.J., 2011; Basili, V.R., D.M. 

Weiss, 1984). In the literature discussed above data 

is being classified and analysed without clear cut 

objectives on quality. 

 This paper uses multidimensional model 

proposed for Knowledge Management System for 

designing critical quality dimensions for big data. As 

big data is complex and multidimensional, this work 

applies multidimensional model proposed for 

Knowledge Management System (KMS) because 

there are similarities with respect to the functionality 

of KMS and Big Data Systems. Data dictionary is a 

small database or metadata which is having all the 

relevant information of each and every data element 

modelled as a data point. The data dictionary has to 

be unique, as some queries may be indirect as 

commonly done for prediction analysis and data 

mining. If the big data is of high quality type, then it 

must have proper role based access security or other 

form of security and supported by an appropriate 

metadata or data dictionary to contain complete 

information about the big data. Another important 

quality parameter for big data could be standard and 

consistent format for representing similar data sets.  

Role based security access and standardized format 

improves data consistency by grouping similar data 

into clusters. Data needs to be organised in a 

meaningful manner to extract useful information 

through standard formats. The grouping is done by 

developing standardized formats by which data is 

classified as image and textual data. Access 

privileges and functionality aspects are configured as 

roles and each user is granted a role or responsibility 

at the time of entering an organisation. This is 

formulated based on organisation policies. Each user 

will have different set of responsibilities in a large 

scale database. Based on these set of responsibilities, 

roles are formulated and proper access credentials 

will be granted.   

 Finally, Data integrity is the most important 

feature that is the backbone for big data repositories.  

Multidimensional models and success measurement 

instruments provide higher validity of quality of data 

than a single dimensional success measure.  The data 

quality dimension is also called as a category or 

view-point. The key is selecting an appropriate 

quality factor or dimension, which supports the 

organization in terms of proper quality assessment 

and evaluation of big data.  The non-critical or 

supportive quality measures which indirectly 

contribute for quality assessment will be considered 

as non-weighted dimensions and measures.  The 

Quality dimensions and measures can be rated either 

equally or non-equally based on the evaluation or 

ranking criteria. Since there are very few appropriate 

data stewards or frameworks available for 

confirmation of quality dimensions, this paper aims 

to develop some hybrid approaches using multi-

dimensional model and decision tree based methods 

for automatic quality checks.  Once all the key 

quality factors are identified through multi-

dimensional model, the factors and sub factors are 

applied through decision tree analysis. Decision trees 

are powerful and popular tools for classification and 

prediction. Decision trees represent rules, which can 

be understood by humans and used in knowledge 

system such as database.  For building proper 

decision tree and respective algorithms, attribute-

value description of clear quality should be prepared 

in terms of data objects and attributes.  

 The target values, functions and output values of 

predefined quality classes should be determined 

based on the quality rules. Sufficient data evolving 

quality issues will be used to learn and develop 

proper decision tree algorithm which is most suitable 

for big data quality assessment. Decision tree is a 

classifier in the form of a tree structure which 

contains decision node, leaf node, arc or edge and 

path. The decision node specifies a test on a single 

attribute whereas the leaf node indicates the value of 

the target attribute. The arc or edge denotes a split of 

one attribute. Path is nothing but a disjunction of test 

to make the final decision.  Decision trees classify 

instances or examples by starting at the root of the 

tree and moving through it until a leaf node. Using 

decision tree multiple if-then rules are formed to 

decide on the quality of data based on the specific 

constraints developed for big data. This paper also 

aims to provide the various measures to monitor 

these qualities and also proposes decision tree 
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algorithms to evaluate these factors based on an 

entropy measure. It is always cost effective to apply 

the decision rules at the source, intermediate stages 

and target environment for better validation. A robust 

master data process put in place to set the right 

checks and balances on updating critical master and 

reference data.  

 The proposed framework can serve as a data 

quality firewall just like an internet firewall to 

proactively find the quality issues and apply the rules 

based on the decision tree algorithms to prevent bad 

or inconsistent or invalid data or access entering in to 

the big data environment. In this paper, an effort has 

been made to assess the data based on quality factors 

like user authentication, data dictionary etc. so as to 

improve reliability and performance of big data. 

While assessing quality, additional factors (like 

completeness, consistency, usability, reliability etc.) 

are considered. Based on this analysis a knowledge 

management framework is being formulated to 

extract useful information from the available data. 

Further, data quality is assessed by a decision tree 

model comprising of a chain of decision trees for 

each of these factors. The work aims to provide a 

platform for big data and also broadly highlights the 

factors that need to be assessed to maintain high data 

quality. This paper is organised as follows: Section 2 

reports the literature survey carried out, Section 3 

explains the proposed work and decision trees of the 

factors. Section 4 concludes the work and Section 5 

discusses the future scope of the work along with 

references. 

 

Literature Review: 

Previous work in this area as discussed by Criminisi 

et al in (2012) discuss about data mining based on 

mathematical criteria like classification and 

regression, etc. Berendt and Preibusch in  explain 

about different mathematical data mining technique. 

In this area, more work has been done towards 

boiling down the data volumes to smaller datasets 

that reduces processing time. Serban et al in (2013) 

describes a knowledge discovery model for data 

mining, transformation, preprocessing, selection and 

evaluation, performed by individual algorithms. This 

work also discusses about automated workflow and 

predictive modelling based on a set of expert rules. 

Venkata and Geetha in discuss a knowledge 

management system design using multi-dimensional 

metric model. Considering the constraints indicated 

by Jennex and Olfman in, a technical structure has 

been formulated. A Knowledge Management System 

based on the technical structure has been designed by 

Venkata et al in (2012). This has been considered as 

the key research input for the KM system evaluation. 

Based on this analysis, a multidimensional model has 

been constructed using critical dimensions and 

categories. This instrument has been used as a tool to 

rate the information system.  A few additional 

important dimensions have also been discussed by 

Jennex and Olfmann in like system quality, 

knowledge / information quality, user's satisfaction, 

etc. Some models like Mc Call's, Boehms and ISO / 

IEC - 9126-1 evaluates software quality to a greater 

extent. Bassili and Weiss in explain about different 

categories of data in software engineering. 

Performance was measured using Balance score card 

framework. Murray and Jannex in emphasized on 

different factors, constructs and variables for KM 

framework. The multidimensional model proposed 

by Venkat et al in (2012) is shown in Figure 1 has 

been updated to fit for Big Data Quality Assessment 

as the model is flexible to customize for any quality 

assessment. The next section discusses the proposed 

work. 

 

 
 

Fig. 1: Multi Dimensional Model for Big Data 

         Quality Assessment. 

 

Proposed Work: 

 In this work an attempt has been made to 

identify critical factors that have an impact on the 

quality of the data. The main factors to mention a 

few include user authenticity, data dictionary etc. 

The data dictionary for instance includes all possible 

definitions of the data available. These attributes 

depend on a number of factors like completeness, 

accuracy, consistency, reliability, usability etc. The 

sections below describe briefly about the important 

dimensions or factors considered for the big data 

quality assessment with a decision tree. 

 

3.1 Accuracy: 

 The accuracy depends on two factors namely 

syntactic accuracy and semantic accuracy. This is 

measured using distance as a measure. The Euclidean 

distance is a common measure used to assess the 

distance between data points to evaluate the 

clustering aspect. The decision tree for the same is 

shown in Figure 2. 

 

3.2 Completeness: 

 Completeness can be classified into 3 broad 

categories like schema completeness, column 

completeness and population completeness. Schema 

completeness encompasses all details and 

information the user needs to bring in. The schema 

itself needs to be complete to find answers to all 

possible queries. Column completeness is nothing 

but attributes related to a particular table linked 
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across other tables that are spread in the database. 

Further identification of null values, spaces, etc also 

should be monitored. Testing the column for 

allowable values is also an essential check. Columns 

also have specific formats. Interconnecting columns 

from different tables requires a primary or foreign 

key constraint. Population completeness ensures that 

all records related to individuals are available. This 

check is required to ensure that there are no 

redundant or duplicate records and also to ensure that 

the database includes all unique individual records. 

The population completeness can further be 

classified into three subgroups as value 

completeness, tuple completeness, attribute 

completeness and relation completeness. Value 

completeness check ensures that no data value is 

missing. Tuple completeness ensures that data 

mentioned in tuples need to be complete. For 

example a data value of 3-tuple (name, emp code, 

and salary) should contain three values and if one of 

the attributes is missing the data is incomplete. The 

tuples may be defined to be either finite or infinite 

when values are not available for all attributes. The 

tuple completeness is based on the coverage and data 

density values. Attribute completeness is another 

measure to ensure that all attributes related to a 

particular data point is available. This is essential 

requirement for data mining as some attributes may 

be required for extracting information using 

relational algebra. Relational completeness is a way 

of grouping data together as clusters or an entity for 

ensuring that all components are available to make 

the data set closed. The different types of 

completeness are illustrated in Figure 3. 

 

 
 

Fig. 2: Decision tree for Accuracy. 

 

 
 

Fig. 3: Decision tree for completeness 

 

3.3 Timeliness: 

 Timeliness is an important factor to ensure that 

data does not get stale and the data has consistent and 

updated values. The data has to be validated at 

regular intervals. Timeliness is based on Age, 

Volatility and Scenario aspects of data. Age 

determines the time at which data was last updated 

and validated. Volatility is a feature that checks 

whether data resides permanently or is lost after a 

certain point of time. Scenario is a criteria with 

reference to the current situation. Timeliness and its 

sub factors are shown in Figure 4. 

 

 
  

Fig. 4: Decision tree for Timelines. 

 

3.4 Comparability: 

 Comparability is a factor that combines 

standards, grouping, database elements, categories 

and current time aspects of data. Usage of standard 

definitions is a criteria to draw comparisons of data 

from a data dictionary. Decision tree for 

comparability has been illustrated in Figure 5. 

 

 
 

Fig. 5: Decision tree for Comparability. 

 

3.5 Usability: 

 Data Usability is a factor that determines the 

effectiveness of the data. This depends on factors like 

ready access. The data found in the environment 

should be easy to use, readily available, accessible, 

and also should possess clarity. This is essential for 

generating reports on the usefulness of the data 

available in the big data environment to make useful 

predictions or alterations in the databases and 

supporting processes. Figure 6 shows the decision 

tree for usability with the most useful dimensions 

which are required to assess the usability of the given 

data. 

 

 
 

Fig. 6: Decision tree for Usability. 

 

3.6 Relevance: 

 Relevance is a factor that decides the data need 

for any query or problem encountered at that point of 

time. The current and future requirements of the user 

have to be considered. For this, the user needs to 
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study the needs and goals of the organisation to 

decide on the relevance of data at any point of time. 

Generally, the needs are dynamic and vary from time 

to time. Hence the relevance should be based on 

Domain, Users, future aspects, values, technology, 

functions, concepts, etc. The decision tree for the 

same is shown in Figure 7. 

 

 
 

Fig. 7: Decision tree for Relevance. 

 

 Based on the above discussion, decision trees are 

constructed formulating IF-THEN rules to evaluate 

data quality. A typical rule will be as follows: 

 

If (accuracy is good) and (completeness is 

excellent) and (completeness or timeliness is 

average) then data quality is (not complete or 

updated):  

 Similar rules may be formulated to design a 

knowledge management framework for data quality. 

The next section discusses about the data findings 

based on the parameters.  

 

Experimental Evaluations: 

 As part of the analysis of a sample data for 

quality parameters of the big data category, it has 

been found that most of the big data contains large 

number of records with minimum of 10 attributes. 

The sample data which was analysed was from 

internet about athletes.  This data set represents, this 

many of countries, number of years, shields and date 

ranges. When the framework was theoretically 

analyzed with this data set, and was examined for 

factors like Accuracy, Completeness, Timeliness, 

Usability, Comparability and Relevance. The 

inferences obtained from the simulation results 

reveal that the data has been accurate. The data set is 

complete from all aspects and no significant 

discrepancy has been identified. The data is usable, 

comparable and relevant to the current scenario.  The 

data set is also current based on time stamping 

technique. On the whole it can be concluded that the 

data set has an acceptable quality and satisfies all big 

data constraints.  

 The claims stated above are substantiated by the 

simulation results shown in Figure 8 and 9 for one of 

the sample big data set used for the sports. The 

classifier model shown in the figures are for the 

training set for building the decision tree for 

assessing one of the important quality dimensions 

(completeness) mentioned in this paper. Similarly 

other classifier models have been developed for 

quality assessment using other dimensions like 

usability, relevance and others. This experimental 

evaluation proves that if the big data goes through 

quality assessment proposed in this work, effective 

decisions can be made to confirm the standard and 

fitness of the data prior to staging or loading into the 

big data database e.g Hadoop. 

 

 
 

Fig. 8: Classifier tool – screen snapshot-1. 

 

 
 

Fig. 9: Classifier Tool - Screen Snapshot – 2. 

 

Conclusions:  

 A framework and decision tree logic has been 

presented to formulate IF-THEN rules to assess the 

data quality of big data. The work assesses the pros 

and cons in such data analysis. It also provides a 

platform for industries to assess their data standards 

and quality. It defines features and requirements for 

existing industries to migrate their databases to big 

databases. It also sets a platform for extracting 

information using a knowledge management 

interface. Using decision tree, multiple if-then rules 

can be formed to decide on the quality of data based 

on the specific constraints developed for big data. 

This paper illustrated multi-dimensional quality 

framework and measures which can serve as a data 

quality firewall to proactively find the quality issues 

with big data. The decision tree analysis algorithms 

or software tools can be used to build decision trees 

by applying the data quality rules proposed in this 

paper to prevent bad or inconsistent or invalid data 

entering in to the big data environment.  The IF-

THEN rules developed using decision tree logic as 

part of this proposed work can be further extended to 
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create a fuzzy model using Mamdani’s fuzzy 

inference engine. In addition to this, rule bases can 

be constructed further for effective assessment of the 

big data quality factors.   
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