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Data Management and Analysis
7 Keys to Successful Research

1. Formulate research questions/hypotheses

2. Identify and operationally define the variables needed to 

answer the questions

3. Choose a data management strategy based on available 

data sources, data collection personnel, and data 

entry methods

4. Define the data

5. Collect the data

6. Clean the data

7. Analyze the data with appropriate statistical tests



Sample Data

 766 Shock Trauma patients  (January 2001 – October 2002)

 568 men and 198 women

 mean age 43 years

 Trauma scores were recorded at admission

• Injury Severity Score (ISS)

• Glasgow Coma Score (GCS)



1. Formulate Research Questions/ 

Hypotheses

This first step is the key to everything 

data-related

What do you want to know from your 

research?

What do you expect the results to show?

A well thought-out question will make all 

subsequent steps much easier. 



Formulate Research Questions / 

Hypotheses (cont.)

A research question is 

 Clear

 Focused

 Complex

 Arguable



Formulate Research Questions / 

Hypotheses (cont.)

Types of Research Questions

Existence

Description and Classification

Composition

Relationship

Descriptive - Comparative

Causality

Causality - Comparative

Causality - Comparative Interaction



Research Questions/Hypotheses

Does mortality vary by gender?

 Is there a relationship between injury severity and 

hospital length of stay?

 Do men and women differ in age?

 Do patients with penetrating injuries stay in the 

hospital longer than do patients with blunt injuries?



What information is needed to answer the research question?

Variables needed to investigate the research questions:

Additional variables of interest or to control/account for:

 type of injury

 hospital length of stay

 age

 gender

 severity of injury

level of consciousness at admission

2. Identify and Operationally Define 

Variables



“An operational definition is the explicit 

specification of a variable in such a way that its 

measurement is possible. ” - Edward Cohen, Ph. D.

Examples:

Ethnicity: the self-reported ethnic group of birth, origin or self-

identification (conceptual definition) where participants can be 

classified as European American, African American, Asian 

American/Pacific Islander, Latino, Native American, or Other 

(operational definition).

Happiness: The state of feeling happy (conceptual) measured by 

a total score on the “UMB Happy Scale” (operational)

Identify and Operationally Define 

Variables (cont.)



What are the measures that constitute the information needed?

Identify and Operationally Define 

Variables (cont.)

Variables needed to investigate the hypothesis:

Additional variables of interest or to control/account for:

 type of injury:  blunt vs. penetrating vs. mixed

 hospital length of stay:  days from admission to discharge

 age:  years and months

gender: male or female

severity of injury: score on injury severity scale (ISS)

level of consciousness at admission:  Glasgow 

Coma Score (GCS)



 What new data will be created and what existing data 

will be used

 Short and long term storage of data 

 Data back-up and security

 Who can access the data and how

 IT facilities and equipment

 Defined responsibilities for the data

 Data preservation, re-use and sharing

3. Choose a Data Management Strategy

Data management plans describe:



 paper-and-pencil data collection 

 public use datasets or other archives or 

registries (e.g., NHANES)

 electronic sources (e.g., UMMS lab 

results, MRI/CT, DEXA) 

What data sources will you use? 

Choose a Data Management Strategy (cont.)



 data entry forms within your database management 

software (e.g., Access) 

 Scannable forms (e.g., Teleform):  forms for optical 

character recognition; can process data from scanning 

and populate a variety of database formats.

 CMS’ MedQuest system can import and export to and 

from flat file and relational database systems

 translation packages (e.g., StatTransfer) can translate 

files to and from virtually any format

 hospital lab data may be available in electronic format

 hand-keyed into tables or spreadsheets

Who and how will data be entered into your database?

Choose a Data Management Strategy (cont.)



 Data management strategy

• smaller datasets may be fine in a flat file (e.g., 

simple spreadsheet)

• larger datasets can often be managed more easily 

in a series of tables in a relational database (e.g., 

Access)

•Watch out for GIGO errors! 

• Garbage in, Garbage out

• the more structure you impose at the front end, 

the easier the data will be to manage

Choose a Data Management Strategy (cont.)



Data Management Software:

 Excel

• simple spreadsheet allows easy table creation

• cautions:  

 allows string and numeric data in the same 

column (this will hinder analysis)

 sorting must be done very carefully or 

observations (rows) will no longer reflect single 

participants

 lots of GIGO possibilities with Excel

Choose a Data Management Strategy (cont.)



Data Management Software:

Access

• tables can be created with descriptive information 

for each variable

• data types can be set so that string data will not be 

allowed in numeric variables

• as part of a relational database, information can be 

stored in separate tables (e.g., demographics, lab 

results, surveys) and joined as needed

Choose a Data Management Strategy (cont.)



Relational Database:

A relational database is a collection 

of data items organized as a set of 

formally-described tables from 

which data can be accessed or 

reassembled in many different ways 

without having to reorganize the 

database tables.

Choose a Data Management Strategy (cont.)



Relational Database

Choose a Data Management Strategy (cont.)



Relational Database

Choose a Data Management Strategy (cont.)



In order for your database to give you what you need 

at the end of the study, we have to describe to the 

database exactly what we need, so that we will be able 

to use the database to:

 sort

 graph

 edit

 analyze

 query and retrieve data for later use

4. Defining/Describing the Data



The extent to which your database can help you manage 

your data depends on how well you described your data to 

it.

Be sure to describe your data

 accurately, clearly, and consistently

 with sufficient detail

 understandably (both for computers and for 

humans!)

We describe the data with a 

DATA DICTIONARY

Defining/Describing the Data (cont.)



Variable Name:  

• limit to 8 characters to accommodate data analysis packages

• no leading numbers

• no spaces

Describing the Data: 

The Data Dictionary



Data Type:  

• numeric, date, or string (text)

• numeric is best for analysis!

Describing the Data: The Data 

Dictionary (cont.)



Width:  

• number of characters/places the data will occupy

• more important for string data

Describing the Data: The Data 

Dictionary (cont.)



Decimals:  

• number of decimal places to allow

Describing the Data: The Data 

Dictionary (cont.)



Variable Label:  

• meaningful description of what         

the variable captures

Describing the Data: The Data 

Dictionary (cont.)



Value Labels:  

• the key to numeric codes

Describing the Data: The Data 

Dictionary (cont.)



Missing Values:  

• numeric value to denote missing data

• be sure that this value can not possibly 

be a legitimate value for this variable!

• sometimes a blank or ‘ . ‘ is okay

Describing the Data: The Data 

Dictionary (cont.)



Describing the Data: The Data 

Dictionary (cont.)

What a data tabled based on the data dictionary might look like.



Variables should

 contain one and only one entity (e.g., first name in 

one variable and last name in a second variable, but not 

first name and last name in the same variable)

 be unique:  avoid redundancy

 be worth collecting

• don’t collect what you can calculate (e.g., age)

Describing the Data: The Data 

Dictionary (cont.)



5. Data Collection:  

Completeness

 Strive for balance

Collect an equal number of measurements 

for all participants 



 Determine the “must haves”:

If you are unable to get all data for each 

participant, which variables are the 

“bare essentials”?

Data Collection:  Completeness 

(cont.)



Missing Data:

• Important to have data for each variable

• Codes for missing data will help you know at a 

later date that an attempt was made to gather the 

data; otherwise you may wonder why there are 

blanks.

• Develop codes for ‘refused’, ‘don’t know’, 

‘n/a’, etc.

• ‘refused’, ‘don’t know’, and ‘n/a’ are usually 

treated as missing for analytic purposes, so use 

these sparingly.

Data Collection:  Completeness 

(cont.)



 Ranges

• Do the values for continuous variables fall within 

the expected range?

6. Data Cleaning –

Preparation for Analysis



 Tabulations

• Do the values for discrete variables fall within the expected range?

• Do the relative proportions seem reasonable?

Preparation for Analysis:  Data 

Cleaning (cont.)



 Logical Inconsistencies

• Are the data consistent within participants?

 e.g.,  You should not have date on ‘age of menarche’ for 

participants who are male.

 Skip patterns

• Often encountered in surveys/questionnaires

• Are there items answered that should not have been answered, 

based on responses to earlier questions?

 e.g., If a participant says ‘no’ to the question ‘Have you 

ever had surgery?’, subsequent questions regarding the 

reason for surgery, date of surgery, etc. should be skipped.

Preparation for Analysis:  Data 

Cleaning (cont.)



 How many data points are missing?

 Can the data still be collected (e.g., chart review)?

 Is it reasonable to impute the missing values?

• Do NOT impute if there are greater than 10% 

missing data

• Better NOT to impute if the missing data point 

is part of a scale

• Scales with missing data can not be computed 

because scale metrics depend on complete data.

Preparation for Analysis:  

Evaluation of Missing Data



 Sometimes a mistake has been made, and sometimes missing data 

are ‘found’.

All changes to data should be noted in three places:

1.  on the original source document 

 a single line through the old value

 new value written directly beside/above 

 date and initials of person making the change

• in the electronic database

• in a tracking log

Preparation for Analysis:  Correcting 

Errors



Are there items that need to be recoded to a different metric?

•e.g., reverse coding:  On a scale of 1-5 (1 = the strongest disagreement 

and 5 = the strongest agreement), please indicate how much you agree 

or disagree with the following statements.

1.  The faculty at UMB are world-class.

2.  The quality of education at UMB is not the best it  could be. 

#1 is a positive statement while #2 is a negative one.  If we recode 

responses to #2 so that 1=5, 2=4, 3=3, 4=2, and 5=1, then disagreement 

with the more negative statement has been recoded to indicate 

agreement with a positive statement.

Preparation for Analysis:  Recoding



 Categorization

•Can simplify data by collapsing into discrete groups

•e.g., age ranges

•Be careful about loss of meaningful information when categorizing 

data (e.g., a 12-year-old and a 17-year-old are both in the “under 18” 

group but are very different developmentally).

Preparation for Analysis:  Recoding 

(cont.)



7. Data Analysis:  Choosing the 

Correct Statistical Test

Important definitions:

• Dependent Variable: 

The event being studied or measured and 

expected to change. 

(ex: Glasgow Coma Scale)

• Independent Variable: 

The variables being manipulated by the 

experiment. 

(ex: drug vs. placebo given to patient)



7. Data Analysis:  Choosing the 

Correct Statistical Test



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Data Analysis:  Choosing the 

Correct Statistical Test (cont.)



Research Questions/Hypotheses

Does mortality vary by gender?

 Is there a relationship between injury severity and 

hospital length of stay?

 Do men and women differ in age?

 Do patients with penetrating injuries stay in the 

hospital longer than do patients with blunt injuries?



1                      1            Categorical   Categorical Proportions  Chi-square

Question:  Does mortality vary by gender?

The chi-square test examines whether there is a dependency 

between two nominal or categorical variables.  

e.g., Does mortality depend on gender?

Data Analysis:  Examples



Question:  Does mortality vary by gender?

Mortality Gender

Male Female

0 485 171

1 83 27

χ
2

(1) = 0.11, p = 0.74

We have no evidence that mortality rates are different 

between men and women.

Data Analysis:  Examples



1                      1               Ordinal        Ratio            Means          Spearman

correlation                

Question:  Is there a relationship between injury 

severity and hospital length of stay?

The Spearman correlation measures the strength of 

association between these variables.  It ranges from –1.0 to 

+1.0.  A correlation of 0 indicates no association.

Data Analysis:  Examples



Question:  Is there a relationship between injury 

severity and hospital length of stay?

ISS HLOS

ISS 1.00

HLOS 0.05 1.00

r = 0.05, p = 0.17

The association (correlation) between ISS and HLOS is 

very small, and we have no evidence that this is different 

from 0. 

Data Analysis:  Examples



1                      1              Continuous  Categorical   Means      Independent

Samples t-test

Question:  Do men and women differ in age?

The independent samples t-test examines whether there is a 

difference between two groups on a continuous variable.

Data Analysis:  Examples



Question:  Do men and women differ in age?

Mean St Dev

Men 40.81 19.70

Women   47.03 23.38
t (763) = -3.63,  p = .0003

Women in this sample are older than the men (6.22 years 

older, on average) and this difference is very unlikely to be 

due to chance alone.

Data Analysis:  Examples



1                      1              Ratio             Nominal       Means      One-way 

Analysis of 

Variance

Question:  Do patients with penetrating injuries 

stay in the hospital longer than do patients with 

blunt injuries?

The one-way analysis of variance (ANOVA) tests for 

differences among three or more groups on a continuous 

variable.

Data Analysis:  Examples



Question:  Do patients with penetrating injuries 

stay in the hospital longer than do patients with 

blunt injuries?

F (2,754) = 0.37, p = 0.69

Mean St Dev

Blunt 19.02 13.50

Penetrating 17.83 14.58

Mixed 17.79 14.94

We have no evidence that the hospital length of stay is 

different in blunt vs. penetrating vs. mixed injury. Consider 

doing t-test on Blunt vs. Penetrating.

Data Analysis:  Examples



Help with statistics and interpretation:

 online:  http://www.ats.ucla.edu/stat/

 self-instruction:  

“Making Sense of Data” 

by JH Abramson and ZH Abramson.  

Oxford University Press, 2001.

A self-instruction manual on the 

interpretation of epidemiological data

Data Management and Analysis:  

Resources



Statistical Analysis Software:

 SPSS

• probably the most user-friendly of the relatively 

sophisticated data analysis packages

• most analyses can be done through drop-down 

menus and dialog boxes

• output file is automatically created, and can be 

annotated/edited

Data Management and Analysis:  

Resources (cont.)



Statistical Analysis Software:

 Stata (pronounced with a short a, as in staff)

• many analyses can be done through drop-down menus and 

dialog boxes, though these are less intuitive than those in 

SPSS

• Stata is often used interactively, with commands typed and 

run one at a time.  This allows you to see your results 

immediately in a window on-screen.

• command language is very intuitive and easy to understand 

and master

• output file can be annotated/edited, and easily put into a 

Word document

Data Management and Analysis:  

Resources (cont.)



• PREV 706:  Research Informatics

• Hands-on course that teaches relational 
database design for research projects

• Instructor: Kate Tracy, Ph.D.

• Workshop in January 2016

• EPH-Clinical and Translational Research 
Informatics Center (CTRIC)

Research.Support@epi.umaryland.edu

Data Management and Analysis:  

Resources (cont.)
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