Sampling Surveys

Archived study guides

These archived materials are no longer updated. This archive was exported from a saved copy of these
guides.

Export date: 2026-10-05T19:26:30.244Z

Contents

Unit 1 — Introduction to Sampling Surveys - 4 guides

Unit 2 — Sampling Design and Techniques - 4 guides

Unit 3 — Simple Random Sampling - 4 guides

Unit 4 — Stratified Sampling - 4 guides

Unit 5 — Cluster Sampling - 4 guides

Unit 6 — Multistage Sampling - 4 guides

Unit 7 — Survey Design and Questionnaire Development - 4 guides
Unit 8 — Sampling and Nonsampling Errors - 4 guides

Unit 9 — Sample Size Determination - 4 guides

Unit 10 — Data Collection Methods - 4 guides

Unit 11 — Statistical Analysis of Survey Data - 4 guides

Unit 12 — Nonresponse and Missing Data - 4 guides

Unit 13 — Bias Correction Techniques - 4 guides

Unit 14 — Sampling Surveys: Practical Applications - 4 guides

Unit 15 — Ethical Considerations in Survey Sampling - 4 guides

Fiveable archived study guides Page 1



Unit 1 — Introduction to Sampling Surveys

1.1 Fundamentals of sampling theory

Sampling theory forms the backbone of survey research, providing tools to make accurate inferences
about populations. It's all about selecting the right subset of people or things to study, so we can learn
about the bigger picture without examining every single element.

Key concepts include population vs. sample, sampling frames, and types of errors. Understanding these
helps researchers design better surveys, avoid bias, and interpret results more accurately. It's crucial for
anyone wanting to conduct or understand survey-based research.

Key Concepts

Understanding Population and Sample
* Population encompasses all elements or units of interest in a study
» Sample consists of a subset of the population selected for analysis
« Sampling frame provides a comprehensive list of all units in the population
» Sampling unit represents the individual element selected from the sampling frame
» Representativeness ensures the sample accurately reflects the characteristics of the population
* Achieved through proper sampling techniques (simple random sampling, stratified sampling)

* Crucial for making valid inferences about the population based on sample data

Importance of Sampling Frame and Unit Selection

» Sampling frame serves as the basis for selecting units to include in the sample

» Can be physical lists, databases, or other comprehensive sources

* Must be up-to-date and complete to avoid coverage errors

» Sampling unit determination depends on the research objectives and population characteristics
« Can be individuals, households, organizations, or other entities

* Proper definition of sampling units ensures clarity in the sampling process

» Choosing appropriate sampling units impacts the efficiency and accuracy of the study

* Larger units (clusters) may reduce costs but increase sampling error

» Smaller units allow for more precise estimates but may be more expensive to sample
Types of Error

Sampling and Non-Sampling Errors
» Sampling error arises from using a sample instead of the entire population

* Decreases as sample size increases
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» Can be quantified using statistical methods (standard error)

* Non-sampling error includes all other sources of error in a survey

* Occurs in both sample surveys and censuses

* Includes measurement errors, processing errors, and coverage errors

* Bias introduces systematic deviations from the true population values

+ Can result from improper sampling methods, non-response, or measurement issues

« Difficult to detect and correct after data collection

Precision and Accuracy in Sampling

* Precision refers to the closeness of repeated measurements to each other

* Influenced by sample size and variability in the population

» Measured by the standard error or confidence interval width

* Accuracy describes how close the sample estimate is to the true population value
« Affected by both random error (lack of precision) and systematic error (bias)

* Improved through proper sampling design and bias reduction techniques

* Relationship between precision and accuracy

* High precision does not guarantee high accuracy if bias is present

« Ideal surveys aim for both high precision and high accuracy
Sampling Distribution

Concepts of Sampling Distribution

« Sampling distribution represents the distribution of a sample statistic across all possible samples
» Formed by repeatedly sampling from the population and calculating the statistic of interest

+ Central to statistical inference and hypothesis testing

» Shape of sampling distribution depends on various factors

« Sample size (larger samples tend to have more normal distributions)

* Population distribution characteristics

» Sampling method used

Confidence Intervals and Margin of Error

« Confidence interval provides a range of values likely to contain the true population parameter
* Calculated using the sample statistic and its standard error

» Wider intervals indicate less precision, narrower intervals indicate more precision
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» Margin of error represents the maximum expected difference between the sample estimate and
population parameter

* Typically reported as a "plus or minus" value ()

* Calculated using the standard error and desired confidence level

* Factors affecting confidence intervals and margin of error

» Sample size (larger samples generally lead to narrower intervals)

+ Confidence level (higher confidence levels result in wider intervals)

* Population variability (more variable populations lead to wider intervals)

1.2 Historical development of sampling methods

Sampling methods have come a long way since ancient times. From basic censuses to sophisticated
probability techniques, surveyors now have powerful tools to gather accurate data. These advancements
allow researchers to study large populations efficiently and draw meaningful conclusions.

Modern sampling techniques like stratified and cluster sampling revolutionized data collection. By dividing
populations into subgroups or clusters, researchers can now tackle complex studies with greater precision.
These methods enable cost-effective surveys across diverse fields, from social sciences to market
research.

Early Sampling Methods

Census and Quota Sampling Origins

* Census involves counting every member of a population

* Dates back to ancient civilizations (Babylonians, Egyptians, Romans)

+ Used for taxation, military conscription, and resource allocation

* Provides comprehensive data but time-consuming and expensive

» Quota sampling emerged as an alternative to complete enumeration

* Developed in the early 20th century for market research

+ Selects sample based on predetermined characteristics (age, gender, income)

» Faster and cheaper than census but prone to selection bias

Limitations of Early Methods
* Census challenges include logistical difficulties and high costs
« Large populations require extensive resources and time
* Accuracy issues due to undercounting or double-counting
* Quota sampling drawbacks stem from non-random selection
* Introduces researcher bias in sample selection

* May not accurately represent the entire population
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* Results cannot be generalized with known precision

Probability-Based Sampling
Foundations of Probability Sampling

* Probability sampling introduced statistical rigor to survey methods

* Developed in the 1930s by statisticians like Jerzy Neyman

» Based on mathematical principles of probability theory

* Allows for calculation of sampling error and confidence intervals

» Random sampling ensures each unit has an equal chance of selection
« Utilizes random number generators or tables for unbiased selection

* Minimizes selection bias and improves representativeness

* Forms the basis for other probability sampling techniques

Evolution of Systematic Sampling

« Systematic sampling emerged as an efficient alternative to simple random sampling
* Selects every kth unit from a population after a random start

* Developed to simplify the selection process in large populations

* Provides good coverage of the population when ordered lists are available

* Applications in various fields expanded systematic sampling use

» Environmental monitoring (water quality testing)

+ Quality control in manufacturing (product inspections)

* Agricultural research (crop yield estimation)

Advanced Sampling Techniques

Stratified Sampling Development

« Stratified sampling divides the population into homogeneous subgroups

+ Originated in the 1940s to improve precision in heterogeneous populations
* Allocates sample sizes proportionally or optimally to strata

* Increases efficiency by reducing sampling error

* Applications in diverse fields drove widespread adoption

* Social sciences (demographic studies)

» Market research (consumer behavior analysis)

 Epidemiology (disease prevalence estimation)
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Cluster and Multistage Sampling Innovations

* Cluster sampling groups population units into clusters for selection

* Developed to address geographical dispersion and reduce survey costs

« Often used in large-scale national surveys (health, education)

« Balances practical constraints with statistical precision

* Multistage sampling combines multiple sampling techniques

* Evolved to handle complex population structures

* Typically uses cluster sampling in initial stages and other methods in later stages
* Allows for efficient sampling of large, diverse populations

* Widely used in international comparative studies (PISA, World Values Survey)

1.3 Types of sampling designs

Sampling designs are the backbone of survey research, shaping how we gather data from populations.
From simple random sampling to complex multistage methods, each approach has its strengths and
weaknesses. Understanding these designs is crucial for collecting representative data and making valid
inferences.

Probability sampling ensures every unit has a known chance of selection, while non-probability methods
rely on researcher judgment or convenience. The choice between these approaches depends on research
goals, resources, and population characteristics. Mastering sampling designs empowers researchers to
make informed decisions and conduct robust studies.

Probability Sampling
Simple and Stratified Random Sampling

+ Simple random sampling selects units from the population with equal probability

* Involves assigning numbers to each unit and using a random number generator

» Ensures every member of the population has an equal chance of selection

* Requires a complete sampling frame of the entire population

» Works well for homogeneous populations (student body of a small college)

« Stratified random sampling divides the population into subgroups before sampling

» Subgroups (strata) are mutually exclusive and collectively exhaustive

» Samples are drawn independently from each stratum

« Improves precision for heterogeneous populations (employees in a large corporation)
+ Allows for different sampling methods or sample sizes within each stratum

. . N
» Formula for sample size allocation: hp = n X Wh
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» Where Nh is the sample size for stratum h, N is the total sample size, N is the population size for
stratum h, and N is the total population size

Cluster and Systematic Sampling

* Cluster sampling selects groups of units rather than individual units

* Divides the population into clusters, typically based on geographic areas
» Randomly selects a subset of clusters

+ All units within selected clusters are included in the sample

* Reduces travel costs for in-person surveys (neighborhoods in a city)

* Can lead to higher sampling error if clusters are not representative

« Systematic sampling selects units at fixed intervals after a random start
+ Calculates sampling interval k = N/n, where N is population size and n is sample size
* Randomly selects a starting point between 1 and k

* Selects every kth unit thereafter

« Easy to implement and can provide good coverage of the population

» Works well for ordered lists (selecting every 10th customer from a database)

Multistage Sampling
* Multistage sampling combines multiple sampling methods in successive stages
* Often used for large-scale surveys covering wide geographic areas
« First stage typically involves cluster sampling (selecting counties)
» Subsequent stages may use other methods (simple random sampling within selected counties)
* Allows for efficient sampling of geographically dispersed populations
» Can be adjusted at each stage to balance cost and precision
« Commonly used in national surveys (U.S. Census Bureau's American Community Survey)
+ Provides flexibility in sample design and allocation of resources
» Can concentrate resources on a subset of primary sampling units
* Allows for different sampling fractions at different stages

» Requires careful planning and weighting to ensure representativeness
Non-Probability Sampling

Convenience and Purposive Sampling

» Convenience sampling selects readily available units

» Based on ease of access rather than random selection
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+ Quick and inexpensive method for gathering data

« Often used in pilot studies or exploratory research

« Highly susceptible to selection bias and limits generalizability

» Commonly employed in street interviews or online surveys

* Purposive sampling selects units based on the researcher's judgment
* Also known as judgmental sampling

 Aims to include specific characteristics or expertise in the sample

» Used when studying rare populations or specific phenomena

* Allows for in-depth exploration of particular cases or perspectives

* Frequently utilized in qualitative research (interviewing industry experts)

Snowball and Quota Sampling

» Snowball sampling uses initial participants to recruit additional subjects
* Particularly useful for hard-to-reach populations

« Starts with a small group of known participants

+ Each participant refers other potential subjects from their network

» Sample size grows like a rolling snowball, hence the name

« Effective for studying hidden populations (undocumented immigrants)
 Can introduce bias as participants tend to know similar others

* Quota sampling sets quotas for specific subgroups within the sample

» Aims to create a sample that reflects known population characteristics
» Researcher determines the proportion of each subgroup to include

» Combines elements of stratified and purposive sampling

« Often used in market research to ensure representation of key demographics
* Does not involve random selection within quotas

» Can lead to biased results if quotas are not properly set or filled

1.4 Applications of sampling surveys in various fields

Sampling surveys are powerful tools used across various fields to gather crucial data and insights. From
market research and economic indicators to social science studies and public health assessments, these
surveys shape our understanding of complex phenomena.

In business, healthcare, education, and beyond, sampling surveys inform decision-making and drive
progress. By examining diverse applications, we gain a deeper appreciation for the versatility and
importance of sampling techniques in modern research and analysis.
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Business and Economics

Market Research and Opinion Polls

* Market research surveys gather data on consumer preferences, behaviors, and trends

* Businesses use market research to inform product development, pricing strategies, and marketing
campaigns

+ Opinion polls measure public attitudes on various topics (political issues, brand perceptions)
* Polling organizations conduct surveys to predict election outcomes and gauge public sentiment

+ Online surveys, focus groups, and telephone interviews serve as common market research methods

Economic Surveys and Quality Control

» Economic surveys collect data on employment, inflation, consumer spending, and other economic
indicators

» Government agencies and financial institutions use economic surveys to inform policy decisions and
economic forecasts

» The Bureau of Labor Statistics conducts monthly surveys to calculate unemployment rates and track
labor market trends

+ Quality control surveys in manufacturing assess product defects and customer satisfaction

« Statistical process control uses sampling techniques to monitor and improve production quality

Social Sciences

Social Science Research Methods

* Social scientists employ surveys to study human behavior, attitudes, and social phenomena

* Longitudinal surveys track changes in individuals or groups over time (Panel Study of Income
Dynamics)

* Cross-sectional surveys collect data from a population at a single point in time
« Sociologists use surveys to examine topics like social inequality, family dynamics, and cultural trends

» Anthropologists incorporate surveys into ethnographic research to gather quantitative data alongside
qualitative observations

Educational Assessment and Environmental Monitoring

» Educational researchers use surveys to evaluate teaching methods, student performance, and school
effectiveness

« Standardized tests serve as a form of educational survey to assess student knowledge and skills
across large populations

» The Programme for International Student Assessment (PISA) conducts surveys to compare education
systems globally

* Environmental surveys monitor air quality, water pollution, and biodiversity
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* Ecologists use sampling surveys to estimate wildlife populations and assess ecosystem health

+ Climate scientists conduct surveys to track changes in temperature, precipitation, and other
environmental factors

Health and Medicine

Epidemiology and Public Health Surveys

 Epidemiologists use surveys to study disease patterns, risk factors, and health outcomes in
populations

* The Centers for Disease Control and Prevention (CDC) conducts regular health surveys to monitor
public health trends

» The National Health and Nutrition Examination Survey (NHANES) collects data on the health and
nutritional status of Americans

* Public health surveys assess vaccination rates, smoking prevalence, and other health behaviors

* Surveys help identify health disparities among different demographic groups and inform targeted
interventions

Clinical Trials and Medical Research

* Clinical trials use sampling techniques to test new drugs, medical devices, and treatments

* Randomized controlled trials randomly assign participants to treatment and control groups to evaluate
intervention effectiveness

* Surveys in medical research gather data on patient-reported outcomes, side effects, and quality of life

» Pharmaceutical companies conduct post-market surveillance surveys to monitor drug safety and
efficacy after approval

* Health services researchers use surveys to evaluate healthcare quality, access, and patient
satisfaction
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Unit 2 — Sampling Design and Techniques

2.1 Probability and non-probability sampling

Sampling methods are crucial in survey research, determining how accurately a study represents its target
population. Probability sampling ensures every individual has a known chance of selection, while
non-probability methods rely on researcher judgment or convenience.

Sample characteristics, size, and representativeness impact a study's validity and generalizability.
Understanding sampling accuracy, including margin of error and confidence intervals, helps researchers
interpret and communicate their findings effectively.

Probability Sampling Methods

Random Selection Techniques

+ Simple random sampling selects participants entirely by chance, giving each individual an equal
probability of being chosen

« Stratified sampling divides the population into subgroups (strata) based on shared characteristics,
then randomly samples from each stratum

* Cluster sampling randomly selects groups (clusters) of individuals rather than individual units

+ Systematic sampling chooses every nth individual from the population after a random starting point

Sampling Frame and Implementation

» Sampling frame consists of a complete list of all individuals in the target population
» Ensures every member of the population has a known, non-zero chance of selection
* Proper implementation of probability sampling methods requires a well-defined sampling frame

» Sampling frame accuracy impacts the overall representativeness of the sample

Non-Probability Sampling Methods

Subjective Selection Techniques

» Convenience sampling selects participants based on their accessibility and proximity to the researcher

* Purposive sampling chooses participants based on the researcher's judgment about who will be most
informative

» Quota sampling selects participants based on predetermined characteristics to match the proportions
in the population

» Snowball sampling recruits initial participants who then refer others, particularly useful for
hard-to-reach populations

Advantages and Limitations

» Non-probability sampling methods often more cost-effective and time-efficient than probability
sampling
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» Can be useful for exploratory research or when a sampling frame is unavailable
« Limited ability to generalize findings to the broader population due to potential selection bias

» Researchers must carefully consider the trade-offs between convenience and representativeness
when using these methods

Sample Characteristics

Sample Size Considerations

» Sample size refers to the number of individuals or units included in the study
* Larger sample sizes generally provide more precise estimates and greater statistical power

* Factors influencing sample size include population variability, desired precision, and available
resources

» Sample size calculations help determine the minimum number of participants needed for valid results

Representativeness and Bias

* Representativeness measures how well the sample reflects the characteristics of the target population
* Achieved through proper sampling techniques and adequate sample size

» Sampling bias occurs when certain groups are systematically over- or under-represented in the
sample

« Common sources of bias include selection bias, non-response bias, and volunteer bias

» Researchers must actively work to minimize bias through careful study design and implementation

Sampling Accuracy

Margin of Error

* Margin of error quantifies the amount of random sampling error in a survey's results
» Expressed as a percentage, indicating the range within which the true population value is likely to fall
+ Calculated using the sample size, population size, and desired confidence level

» Smaller margins of error indicate more precise estimates (3% margin of error)

Confidence Intervals

+ Confidence intervals provide a range of values likely to contain the true population parameter

* Typically reported with a confidence level, usually 95% or 99%

» Wider intervals indicate less precision, while narrower intervals suggest more precise estimates

» Calculated using the sample statistic, standard error, and critical value from the normal distribution

* Interpretation involves understanding that if the study were repeated multiple times, the true
population parameter would fall within the interval in 95% (or 99%) of cases
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2.2 Sampling frames and their importance

Sampling frames are the backbone of survey research, providing a structured way to select representative
samples from populations. They enable researchers to identify participants, calculate weights, and ensure
valid findings. However, frames can have coverage issues.

Understanding different frame types, like list and area frames, helps researchers choose the best approach
for their study. Maintaining frames and addressing errors is crucial for accurate results. Multiple frame
strategies can improve coverage and efficiency in complex surveys.

Sampling Frame Basics

Definition and Components of Sampling Frames

» Sampling frame consists of a complete list or database of all units in the target population

* Target population encompasses all individuals or elements about which researchers want to draw
conclusions

» Sampling unit represents the basic element selected from the sampling frame for inclusion in the
sample

» Frame population includes all units actually present in the sampling frame, may differ from target
population due to errors or omissions

Importance and Functions of Sampling Frames

* Provides a structured approach to selecting representative samples from larger populations
» Enables researchers to identify and contact potential participants efficiently
* Facilitates the calculation of sampling weights and estimation of population parameters

* Helps ensure the validity and generalizability of research findings to the target population

Sampling Frame Coverage

Understanding Coverage Errors

» Coverage error occurs when there is a discrepancy between the target population and the frame
population

» Undercoverage happens when some units in the target population are missing from the sampling
frame (homeless individuals in a housing survey)

» Overcoverage arises when the sampling frame includes units that are not part of the target population
(deceased individuals in a voter registration list)

* Representativeness measures how well the sampling frame reflects the characteristics of the target
population

Impact and Mitigation of Coverage Issues

» Coverage errors can lead to biased estimates and inaccurate conclusions about the target population

* Researchers can improve coverage by updating and refining sampling frames regularly
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* Multiple frame sampling techniques can help address coverage issues by combining different sources
of information

« Careful screening and eligibility checks during data collection can mitigate the effects of overcoverage
Types of Sampling Frames

List Frames and Their Applications
« List frame consists of a comprehensive inventory of individual units in the target population
» Commonly used in surveys of well-defined populations (registered voters, university students)
» Advantages include ease of use and ability to implement various probability sampling methods

+ Challenges may include outdated information, duplicate entries, or incomplete coverage

Area Frames and Geospatial Sampling

* Area frame divides the target population into geographic units or clusters

* Used in surveys where a complete list of individual units is unavailable or impractical (agricultural
surveys, environmental studies)

* Allows for efficient sampling of large or dispersed populations

» Can be combined with satellite imagery or GIS data for more precise sampling
Multiple Frame Sampling Strategies
*» Multiple frame sampling integrates two or more sampling frames to improve coverage and efficiency
» Combines the strengths of different frame types (list frame + area frame)
* Helps address undercoverage issues by capturing units that might be missed in a single frame

» Requires careful coordination and weighting to avoid duplication and ensure accurate estimates

Sampling Frame Maintenance

Techniques for Frame Maintenance and Quality Control
» Frame maintenance involves regular updating and verification of the sampling frame
* Includes adding new units, removing outdated entries, and correcting inaccurate information
* Employs various methods such as record linkage, address verification, and field enumeration

+ Crucial for maintaining the relevance and accuracy of the sampling frame over time

Identifying and Addressing Sampling Frame Errors

» Sampling frame errors can arise from various sources (outdated information, duplicate entries,
misclassification)

* Regular quality checks and audits help identify and correct frame errors
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* Techniques for error detection include pilot studies, validation surveys, and comparison with external
data sources

» Addressing frame errors improves the overall quality and reliability of survey results

Mitigating Sampling Bias Through Frame Improvements

« Sampling bias occurs when certain groups are systematically over- or under-represented in the frame

» Researchers can reduce bias by improving frame coverage, updating information, and using
appropriate sampling techniques

« Stratification and post-stratification adjustments can help correct for known biases in the sampling
frame

* Transparency in reporting frame limitations and potential biases is essential for accurate interpretation
of results

2.3 Sampling units and sampling errors

Sampling units and errors are crucial in survey design. They determine how accurately we can measure a
population. Understanding these concepts helps researchers select the right sample and interpret results.

Sampling errors can skew findings, but proper techniques minimize their impact. By grasping these ideas,
we can create more reliable surveys and draw better conclusions from the data we collect.

Sampling Basics

Population and Sample Concepts
* Population encompasses all individuals or objects of interest in a study
» Sample represents a subset of the population selected for investigation
» Sampling frame consists of a comprehensive list of all units in the population
» Sampling unit refers to the individual entity selected from the sampling frame

+ Element denotes the specific characteristic or attribute being measured within each sampling unit

Selection and Representation

* Proper sample selection ensures representativeness of the population

* Random sampling techniques promote unbiased selection of units

» Sample size affects the precision and reliability of estimates

« Stratification divides the population into homogeneous subgroups before sampling

* Cluster sampling involves selecting groups of units rather than individual units

Sampling Errors

Types of Sampling Errors

» Sampling error arises from using a sample to estimate population parameters

Fiveable archived study guides Page 15



* Non-sampling error occurs due to factors unrelated to the sampling process
* Bias introduces systematic deviation from the true population value
* Precision measures the consistency of results across repeated samples

* Accuracy reflects how close the sample estimate is to the true population value

Sources and Mitigation of Errors

* Selection bias results from improper sampling methods or incomplete sampling frames

» Response bias occurs when respondents provide inaccurate or misleading information

» Measurement error stems from inaccurate data collection instruments or procedures

» Coverage error happens when the sampling frame does not fully represent the population

« Strategies to reduce errors include increasing sample size and improving sampling techniques
Sampling Statistics

Measures of Variability

« Standard error quantifies the variability of sample estimates
» Margin of error represents the range within which the true population parameter likely falls
* Confidence interval provides a range of plausible values for the population parameter

» Sampling distribution describes the probability distribution of sample statistics

Calculation and Interpretation

« Standard error calculation: SE = %n where s is the sample standard deviation and n is the sample
size

* Margin of error computation: MOE = z* SE where z is the critical value from the standard normal
distribution

 Confidence interval construction: CJ = é + MOE where é is the sample estimate

« Sampling distribution shape approaches normal distribution as sample size increases (Central Limit
Theorem)

2.4 Comparison of sampling techniques

Sampling techniques are crucial in survey research, determining how accurately we can represent a
population. This topic compares various methods, from simple random sampling to complex multistage
approaches, highlighting their strengths and weaknesses.

Understanding these techniques helps researchers choose the best method for their study. We'll explore
how factors like cost, precision, and population characteristics influence sampling decisions, and examine
the trade-offs between probability and non-probability methods.
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Probability Sampling Methods
Simple and Stratified Sampling Techniques

» Simple random sampling selects units from the population with equal probability
* Involves assigning numbers to each unit and using a random number generator
» Ensures every member of the population has an equal chance of selection

* Provides unbiased estimates of population parameters

Works well for homogeneous populations (uniform characteristics across units)
Stratified sampling divides the population into subgroups called strata
« Strata are formed based on shared characteristics (age, income, education level)
» Samples are then drawn from each stratum independently
* Improves precision by reducing sampling error
* Ensures representation of important subgroups in the sample

* Allows for separate analysis of each stratum

Cluster and Systematic Sampling Approaches

« Cluster sampling selects groups or clusters of units rather than individual units
* Clusters are typically naturally occurring groups (neighborhoods, schools)

« All units within selected clusters are included in the sample

* Reduces costs associated with data collection, especially for geographically dispersed populations

May increase sampling error if clusters are not representative of the population
Systematic sampling selects units at fixed intervals from an ordered list

* Involves choosing a random starting point and selecting every kth unit

* k is calculated by dividing population size by desired sample size

* Provides good coverage of the population if the list is randomly ordered

 Can introduce bias if the list has a cyclical pattern coinciding with the sampling interval

Multistage and Complex Sampling Methods

* Multistage sampling combines multiple sampling techniques in stages

« Often used for large-scale surveys or studies of geographically dispersed populations
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* First stage might involve selecting primary sampling units (counties, districts)
» Subsequent stages involve selecting smaller units within the primary units
« Allows for efficient sampling of large, complex populations

* Requires careful planning and weighting to ensure representativeness

Non-Probability Sampling Methods

Convenience and Quota Sampling

» Convenience sampling selects easily accessible or available units

« Often used in pilot studies or exploratory research

* Involves selecting participants based on their proximity or willingness to participate
+ Quick and inexpensive method but highly susceptible to bias

Results may not be generalizable to the larger population

Quota sampling aims to create a sample with proportions of various subgroups
» Researcher sets quotas for specific characteristics (gender, age, socioeconomic status)
* Interviewers select participants to fill these quotas
* Ensures representation of different subgroups in the sample

* Does not guarantee representativeness within each quota category

Other Non-Probability Sampling Techniques
* Purposive sampling selects units based on the researcher's judgment
» Used when specific characteristics or expertise are required
* Allows for in-depth study of particular cases or phenomena

Highly susceptible to researcher bias

Snowball sampling relies on referrals from initial participants
* Useful for studying hard-to-reach populations or sensitive topics
« Initial participants recruit others from their networks

Can lead to biased samples if initial participants are not diverse
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Volunteer sampling relies on individuals choosing to participate
+ Often used in online surveys or public opinion polls

+ Can result in self-selection bias, as participants may have strong opinions or interests
Sampling Concepts

Sampling Frame and Error

» Sampling frame defines the list or source from which the sample is drawn
+ Should ideally include all units in the target population
* Incomplete or inaccurate frames can lead to coverage error

Examples include voter registration lists, phone directories, or student enrollment records
Sampling error refers to the difference between sample statistics and population parameters
* Occurs due to chance variation in the selection of sample units
* Decreases as sample size increases
» Can be quantified using standard errors or confidence intervals

* Does not include non-sampling errors (measurement error, non-response bias)

Bias and Precision in Sampling

* Bias represents systematic errors in the sampling process

* Results in consistent over- or underestimation of population parameters

 Can arise from various sources (selection bias, response bias, interviewer bias)
« Difficult to detect and correct after data collection

Reduces the validity and generalizability of study findings

Precision refers to the closeness of estimates from repeated sampling
» Measured by the variability or spread of sample estimates
* Influenced by sample size, sampling design, and population variability
* Improves with larger sample sizes and more efficient sampling designs

* Trade-off between precision and cost in sampling design decisions
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Sampling Considerations

Efficiency and Cost-Effectiveness

« Efficiency in sampling aims to maximize information gained relative to resources expended
* Involves balancing sample size, sampling design, and data collection methods
* More efficient designs may allow for smaller sample sizes without sacrificing precision

Considers factors such as geographic dispersion, response rates, and data quality
Cost-effectiveness evaluates the balance between sampling costs and data quality

* Direct costs include personnel, travel, and data processing expenses

* Indirect costs involve time, respondent burden, and potential non-response

 Multistage and cluster sampling can reduce costs for geographically dispersed populations

+» Simple random sampling may be more cost-effective for small, localized populations

Probability Sampling Advantages and Challenges
* Probability sampling allows for statistical inference about the population
* Enables calculation of sampling errors and confidence intervals
* Provides a basis for generalizing results to the broader population

Reduces the risk of selection bias compared to non-probability methods
Challenges in implementing probability sampling include

+ Obtaining a complete and accurate sampling frame

» Ensuring random selection at each stage of the sampling process

* Dealing with non-response and maintaining sample representativeness

Balancing costs and precision in complex sampling designs

Considerations for choosing between probability and non-probability methods
» Research objectives and required level of generalizability
« Available resources (time, budget, personnel)

 Characteristics of the target population and accessibility
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« Ethical considerations and potential for bias
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Unit 3 — Simple Random Sampling

3.1 Principles of simple random sampling

Simple random sampling is a cornerstone of survey research. It ensures every element in a population has
an equal chance of selection, eliminating bias and allowing for accurate statistical inference. This method
forms the basis for more complex sampling techniques.

Understanding the principles of simple random sampling is crucial for conducting reliable surveys. From
population and sample basics to estimation and inference, these concepts provide the foundation for
designing effective sampling strategies and interpreting results accurately.

Foundational Concepts

Population and Sample Basics

* Population encompasses all elements or individuals of interest in a study

» Sample consists of a subset of the population selected for analysis

« Sampling frame provides a comprehensive list of all units in the population

» Random selection ensures each element has an equal chance of being chosen

+» Equal probability assigns the same likelihood of selection to all units

Importance of Randomness in Sampling

* Random selection eliminates systematic bias in the sample

» Equal probability sampling leads to more accurate population estimates

» Randomness allows for statistical inference from sample to population

» Computer-generated random numbers often used to achieve true randomness

« Stratified random sampling combines randomness with population subgroups

Sampling Methods

Sampling with Replacement

* Elements can be selected multiple times in the sampling process
+ Probability of selection remains constant throughout the sampling
* Useful for simulations and bootstrapping techniques

* Allows for independence between selections

* Can result in duplicate observations in the final sample

Sampling without Replacement

» Each element can only be selected once in the sampling process
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* Probability of selection changes as sampling progresses
* More commonly used in practical survey research
* Ensures each element in the sample is unique

» Requires careful tracking of selected elements to avoid duplication
Sample Quality

Bias and Representativeness

* Bias occurs when systematic errors lead to inaccurate population estimates
» Representativeness measures how well the sample reflects the population

* Selection bias arises from improper sampling methods or incomplete frames
» Non-response bias results from certain groups being less likely to participate

* Measurement bias stems from flaws in data collection instruments or processes

Determining Appropriate Sample Size

» Sample size affects the precision and reliability of estimates

* Larger samples generally lead to smaller margins of error

» Power analysis helps determine sample size for hypothesis testing
* Cost and time constraints influence practical sample size decisions

 Optimal sample size balances statistical power with resource limitations

Estimation and Inference

Understanding Sampling Error

» Sampling error represents the deviation of sample statistics from population parameters
* Decreases as sample size increases, following the law of large numbers

+ Quantified through measures like standard error and confidence intervals

« Influenced by population variability and sampling design

+ Cannot be completely eliminated but can be minimized through proper sampling techniques

Confidence Intervals and Standard Error

« Standard error measures the variability of a sample statistic

* Calculated as the standard deviation divided by the square root of sample size

« Confidence intervals provide a range of plausible values for population parameters
» Wider intervals indicate less precise estimates

* 95% confidence level commonly used, meaning 95% of intervals contain the true parameter
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3.2 Methods for selecting simple random samples

Simple random sampling is a cornerstone of survey research. It ensures every unit has an equal chance of
selection, providing unbiased estimates of population parameters. This section covers various methods for
implementing simple random sampling, from computerized techniques to manual approaches.

We'll explore basic and advanced random sampling techniques, including stratified and cluster sampling.
We'll also discuss key considerations like sampling frames, sample size determination, and statistical
concepts such as sampling error and confidence intervals. These tools are essential for conducting robust
survey research.

Random Selection Methods

Computerized Random Selection Techniques

» Random number generator produces sequences of numbers without discernible pattern
« Utilizes complex algorithms to ensure randomness
» Can generate integers within specified range for sample selection

Widely available in statistical software packages (R, SPSS, SAS)
Computer-assisted random selection automates sampling process
* Integrates random number generation with sampling frame
+ Allows for efficient selection of large samples

* Reduces human error in selection process

« Often includes features for stratification and cluster sampling

Manual Random Selection Methods

* Lottery method involves assigning unique numbers to population units
* Numbers written on identical slips of paper or balls

* Placed in container and thoroughly mixed

» Drawn one by one until desired sample size reached

Ensures equal probability of selection for each unit

Systematic sampling selects units at fixed intervals after random start
« Calculate sampling interval kK = N/n (N = population size, n = sample size)
» Randomly select starting point between 1 and k

* Select every kth unit thereafter
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 Can introduce bias if population has cyclical patterns

Types of Random Sampling

Basic Random Sampling Techniques

+ Simple random sampling gives equal probability of selection to all units
» Requires complete list of population units

» Each unit has known, non-zero probability of selection

* Allows for unbiased estimation of population parameters

Can be inefficient for large, diverse populations

Stratified random sampling divides population into homogeneous subgroups
« Strata formed based on relevant characteristics (age, gender, income)
* Simple random sample drawn from each stratum
* Improves precision by reducing within-group variability

* Allows for separate analysis of subgroups

Advanced Random Sampling Techniques

« Cluster sampling selects groups of units rather than individual units
* Population divided into clusters (geographic areas, schools)

* Random sample of clusters selected

« All units within selected clusters included in sample

» Reduces costs for geographically dispersed populations

May increase sampling error due to between-cluster differences

Probability proportional to size sampling gives larger units higher selection probability
* Selection probability proportional to measure of size (population, sales)
* Useful when units vary greatly in size or importance
* Improves precision for estimating population totals

» Requires accurate size measures for all units

Fiveable archived study guides Page 25



Sampling Considerations

Sampling Frame and Selection Process

» Sampling frame comprises list of all units in target population
* Ideally complete, accurate, and up-to-date
» May include duplicates, ineligibles, or missing units

Quality of frame affects representativeness of sample
Replacement vs. without replacement affects selection probabilities
« With replacement: units returned to population after selection
* Allows for multiple selections of same unit
« Simplifies probability calculations
« Without replacement: units removed from population after selection
* Ensures unique units in sample

» Changes selection probabilities as sampling progresses

Statistical Considerations in Sampling

» Sample size determination balances precision and cost
* Factors include desired precision, population variability, confidence level

« Larger samples provide more precise estimates but increase costs
L]

2.2
Formula: h = ZEE

(z = z-score, g = population standard deviation, E = margin of error)

Sampling error measures variability of estimates across different samples
* Quantifies uncertainty due to sampling process
» Decreases as sample size increases

Calculated as standard error: SE = % (o = population standard deviation, n = sample size)

Confidence interval provides range likely to contain true population parameter

* Typically expressed as 95% confidence interval
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Calculated as: CJ = é + z X SE (6 = sample estimate, z = z-score, SE = standard error)

Margin of error represents maximum expected difference between sample estimate and population
parameter

* Expressed in same units as estimate
* Calculated as: MOE = z X SE (z = z-score, SE = standard error)

* Used to report precision of survey results (+3 percentage points)

3.3 Estimation and inference in simple random sampling

Simple random sampling is a cornerstone of survey research. It allows us to make inferences about entire
populations based on smaller samples. This chapter dives into the nitty-gritty of how we use sample data to
estimate population characteristics.

We'll explore key concepts like point estimation, confidence intervals, and hypothesis testing. These tools
help us quantify uncertainty and make informed decisions about population parameters using sample data.
Understanding these techniques is crucial for interpreting survey results accurately.

Estimation

Population Parameters and Sample Statistics

* Population parameter represents a characteristic of the entire population

» Sample statistic serves as an estimate of the population parameter based on a subset of the
population

* Point estimation involves using a single value from the sample to estimate the population parameter

* Unbiased estimator produces estimates that are correct on average when repeated over many
samples

* Finite population correction factor adjusts estimates when sampling from small populations

Estimator Properties and Corrections

* Bias measures the difference between an estimator's expected value and the true population
parameter

« Consistency describes an estimator's tendency to converge on the true parameter as sample size
increases

« Efficiency compares the variance of different estimators for the same parameter

* Robustness indicates an estimator's ability to perform well under various conditions or with outliers
present

« Sufficiency determines if an estimator uses all relevant information from the sample
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Sampling Distribution

Characteristics of Sampling Distributions

« Sampling distribution represents the distribution of a sample statistic over all possible samples
« Standard error quantifies the variability of the sampling distribution
» Sampling distribution shape often approximates a normal distribution for large sample sizes

» Sample size affects the spread of the sampling distribution (larger samples lead to narrower
distributions)

« Sampling with or without replacement influences the sampling distribution (affects independence of
observations)

Central Limit Theorem and Its Applications

+ Central Limit Theorem states that the sampling distribution of the mean approaches a normal
distribution as sample size increases

* Applies to many statistics beyond the mean (proportions, totals)

+ Enables the use of normal distribution properties for inference, even when the population distribution
is non-normal

» Requires sufficiently large sample sizes (typically n = 30) for most practical applications

* Facilitates the construction of confidence intervals and hypothesis tests for population parameters

Confidence Intervals

Constructing and Interpreting Confidence Intervals

 Confidence interval provides a range of plausible values for the population parameter

* Margin of error represents the maximum likely difference between the sample statistic and population
parameter

* Precision refers to the width of the confidence interval (narrower intervals indicate higher precision)
* Level of confidence determines the probability that the interval contains the true population parameter

« Confidence interval formula: Point Estimate + (Critical Value X Standard Error)

Factors Affecting Confidence Intervals

» Sample size influences the width of the confidence interval (larger samples lead to narrower intervals)

+ Population variability affects the precision of estimates (more variable populations require larger
samples)

« Confidence level impacts the width of the interval (higher confidence levels result in wider intervals)
« Sampling method can affect the standard error and thus the confidence interval width

* Non-response and measurement errors can introduce bias and affect the accuracy of confidence
intervals
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Inference

Hypothesis Testing Fundamentals
* Hypothesis testing evaluates claims about population parameters based on sample data
* Null hypothesis (Ho) represents the status quo or no effect
* Alternative hypothesis (H+ or Ha) represents the claim to be tested

* Test statistic quantifies the difference between the sample statistic and the hypothesized parameter
value

* p-value measures the probability of obtaining the observed results if the null hypothesis is true

Sample Size Determination and Power Analysis

» Sample size determination calculates the number of observations needed to achieve desired precision
or power

* Factors affecting sample size include desired precision, confidence level, and population variability
» Power analysis assesses the probability of correctly rejecting a false null hypothesis
« Effect size quantifies the magnitude of the difference or relationship being tested

* Trade-offs between sample size, power, and effect size guide study design decisions

3.4 Advantages and limitations of simple random sampling

Simple random sampling is a cornerstone of survey research, offering unbiased selection and equal
probability for all population members. It ensures representativeness and enables valid statistical
inferences, making it a powerful tool for researchers seeking accurate population estimates.

However, this method isn't without drawbacks. It can be costly and time-consuming, especially for large or
dispersed populations. It may also struggle to represent small subgroups adequately and faces logistical
challenges in implementation, highlighting the need for careful consideration in its application.

Advantages of Simple Random Sampling

Unbiased Selection and Equal Probability
» Ensures every member of the population has an equal chance of being selected
« Eliminates systematic bias in the selection process
* Produces a sample that reflects the entire population accurately
« Allows for the calculation of unbiased estimates of population parameters

» Minimizes the influence of researcher preferences or preconceptions on sample selection

Representativeness and Statistical Inference

» Generates samples that closely mirror the characteristics of the entire population

* Enables researchers to draw valid conclusions about the population based on sample data
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* Facilitates the use of probability theory to make statistical inferences
+ Allows for the calculation of confidence intervals and margins of error

* Supports the generalization of findings from the sample to the broader population

Implementing Simple Random Sampling

Sampling Frame and Random Number Generation

» Requires a complete and accurate list of all members in the target population (sampling frame)
* Utilizes random number generators to select participants without bias

* Assigns unique identification numbers to each member of the population

» Employs computer algorithms or random number tables for selection

* Ensures the integrity of the randomization process through proper documentation

Sample Size Determination and Precision

* Involves calculating the appropriate sample size based on desired confidence level and margin of
error

« Considers the variability of the population and the required level of precision

« Utilizes statistical formulas to determine the minimum sample size needed

+ Balances the trade-off between sample size and resource constraints

+ Affects the sampling error, which decreases as sample size increases
Managing Sampling Error

+» Quantifies the difference between sample statistics and population parameters

* Decreases as sample size increases, following the principle of #

* Influences the precision of estimates and the width of confidence intervals

 Can be reduced by increasing sample size or using stratification techniques

* Helps researchers assess the reliability and validity of their findings

Limitations of Simple Random Sampling

Cost and Practical Constraints

» Can be expensive and time-consuming for large or geographically dispersed populations
* Requires significant resources for data collection and analysis

» May be impractical for certain types of research (medical trials, rare populations)

* Poses challenges in accessing and contacting all members of the population

* May lead to increased non-response rates due to difficulty in reaching selected participants
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Population Heterogeneity and Sampling Bias

* May not adequately represent small subgroups or rare characteristics in diverse populations
+ Can result in underrepresentation of minority groups or specific demographic segments

* Potentially leads to sampling bias if the sampling frame is incomplete or outdated

* May not capture important variations within subgroups of the population

» Requires careful consideration of population characteristics to ensure representativeness

Logistical Challenges and Data Quality
» Demands a complete and up-to-date sampling frame, which may be difficult to obtain
* Requires specialized knowledge and expertise to implement correctly
» May encounter difficulties in accessing hard-to-reach populations or sensitive topics
» Can be affected by non-response bias if selected participants refuse to participate

» Necessitates careful data collection and management procedures to maintain data quality
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Unit 4 — Stratified Sampling

4.1 Concept and rationale of stratified sampling

Stratified sampling divides a population into distinct subgroups called strata. This method improves
precision by creating homogeneous groups within strata while maximizing differences between them. It's a
powerful way to capture population diversity and reduce overall variability in sampling.

The benefits of stratification are numerous. It enhances sampling efficiency, improves precision, and
ensures better representation of minority groups. This approach allows for separate analysis of subgroups
and accommodates varying sampling rates, making it a versatile tool in survey research.

Stratification Concept

Understanding Stratification and Subgroups

« Stratification divides a population into distinct, non-overlapping subgroups called strata
» Homogeneous subgroups created within each stratum share similar characteristics

» Between-strata variation maximized to capture differences across subgroups

* Within-strata variation minimized to ensure similarity within each subgroup

* Population heterogeneity addressed by grouping similar units together

» Reduces overall variability in the sample

* Improves precision of estimates

Analyzing Variation in Stratified Sampling
+ Between-strata variation reflects differences among subgroups
+ Captures diversity in the population
+ Allows for more accurate representation of different segments
« Within-strata variation kept low to increase homogeneity
» Enhances precision of estimates within each stratum
* Reduces sampling error
* Balancing between-strata and within-strata variation
* Optimizes overall sampling efficiency

* Improves accuracy of population parameter estimates

Stratification Benefits

Enhancing Sampling Efficiency and Precision

» Sampling efficiency increased through stratification

* Reduces sample size needed for desired level of precision
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* Lowers costs associated with data collection

* Precision improved by controlling for variability within strata

» Smaller standard errors for estimates

» Narrower confidence intervals for population parameters

« Stratified sampling often yields more precise estimates than simple random sampling

« Especially effective when strata are well-defined and homogeneous

Improving Representativeness and Subgroup Analysis

» Representativeness ensured by including units from all relevant subgroups
* Prevents underrepresentation of minority groups

* Allows for accurate estimation of population characteristics

 Enables separate analysis of subgroups within the population

* Facilitates comparisons between different strata

* Provides insights into group-specific characteristics or behaviors

* Accommodates varying sampling rates for different strata

* Allows for oversampling of smaller or hard-to-reach subgroups

» Ensures adequate sample sizes for reliable subgroup estimates

Stratification Implementation

Selecting Stratification Variables and Allocation Methods

« Stratification variables chosen based on relevance to study objectives

» Demographic characteristics (age, gender, income)

» Geographic regions

* Organizational units

* Proportional allocation assigns sample sizes proportional to stratum sizes
* Maintains representation of each stratum in the sample

« np =n X (Np/N) where Nn is stratum sample size, N is total sample size, Np is stratum population
size, and N is total population size

* Optimal allocation considers both stratum size and variability

* Allocates larger samples to strata with greater variability

*np=nx (NhSh/ZNhSh) where Sh is the standard deviation within stratum h
Managing Stratum Weights and Sampling Frame

« Stratum weight represents the proportion of population in each stratum
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» Calculated as Wh = Np/N

* Used in estimating population parameters and calculating sampling errors
» Sampling frame must be comprehensive and accurate for each stratum

* Lists all units within each subgroup

» Ensures proper representation of the entire population

 Maintaining up-to-date sampling frames

+ Crucial for validity of stratified sampling

* Requires regular updates to reflect changes in population composition

4.2 Methods of stratification

Stratified sampling uses various methods to divide populations into groups. Geographic and demographic
factors help create representative samples, while advanced techniques like cluster stratification and
post-stratification improve efficiency and accuracy.

Allocation methods determine how to distribute samples across strata. Proportional allocation maintains
population proportions, while optimal and Neyman allocation consider variability and costs. Proper
stratification and allocation enhance survey precision and representativeness.

Stratification Techniques

Geographic and Demographic Stratification

» Geographic stratification divides population based on physical location (countries, states, cities)
* Improves sampling efficiency by capturing regional variations

» Demographic stratification uses population characteristics (age, gender, income)

* Ensures representation of diverse subgroups within the sample

» Combines geographic and demographic factors for more precise stratification

« Utilizes census data or existing population databases to define strata

Advanced Stratification Methods

« Cluster stratification groups similar units into clusters before sampling

» Reduces costs and improves efficiency in large-scale surveys

* Involves two-stage sampling: select clusters, then sample within clusters

* Post-stratification adjusts sample data after collection to match population proportions
+ Corrects for under or overrepresentation of certain groups in the sample

* Applies weights to observations based on known population characteristics
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Allocation Methods

Proportional and Optimal Allocation

* Proportional allocation assigns sample sizes to strata based on their proportion in the population
» Ensures each stratum is represented relative to its size in the overall population

« Calculated as nn = n X (Np/N) where Nn is stratum sample size, N is total sample size, N is stratum
population size, and N is total population size

+ Optimal allocation minimizes variance for a given cost or minimizes cost for a given variance
+ Considers both stratum size and variability within each stratum

* Allocates larger samples to strata with higher variability or lower sampling costs

Neyman and Sample Size Allocation

* Neyman allocation optimizes sample allocation when costs are equal across strata

* Assigns larger samples to strata with higher standard deviations

* Calculated as hy =n X (NhSh/ZN,-S,-) where Sp, is the standard deviation of the stratum
» Sample size allocation determines the overall sample size needed for desired precision

* Considers factors such as confidence level, margin of error, and population variability

« Uses formulas like n = (22 x s?)/e? where Z is the z-score, S is the population standard deviation,
and € is the margin of error

Stratification Principles

Stratification Variable Selection and Homogeneity

« Stratification variables strongly correlate with the study variable of interest

» Choose variables that create homogeneous groups within strata

» Reduces within-stratum variance and improves overall estimation precision

« Common stratification variables include age, income, education level, or geographic region
* Homogeneity within strata minimizes variation of the characteristic being measured

* Increases precision of estimates by reducing sampling error within each stratum

Stratum Boundaries and Efficiency

» Heterogeneity between strata maximizes differences in the characteristic across groups
» Enhances the ability to capture population diversity in the sample

« Stratum boundaries define clear, non-overlapping divisions between groups

» Use natural breaks, percentiles, or optimization techniques to determine boundaries

« Stratification efficiency measures the improvement in precision compared to simple random sampling
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« Calculated as the ratio of the variances: Eff = Varsgs/Varstratified

« Higher efficiency ratios indicate greater benefits from stratification

4.3 Allocation of sample sizes to strata

Allocating sample sizes to strata is a crucial part of stratified sampling. It involves deciding how many units
to sample from each stratum to get the most accurate results. Different methods like proportional, optimal,
and Neyman allocation help balance representation and precision.

Factors like stratum weight, variance, and cost influence allocation decisions. The goal is to distribute the
sample efficiently across strata, considering practical constraints. Proper allocation enhances the overall
effectiveness of stratified sampling in producing reliable estimates for the entire population.

Allocation Methods

Proportional and Optimal Allocation

* Proportional allocation distributes sample sizes proportionally to stratum sizes in the population
* Ensures representation of each stratum relative to its size

« Calculated using the formula: Np = n X (Np/N)

» Works well when strata have similar variances

+ Optimal allocation aims to minimize overall variance for a fixed total sample size

* Allocates more samples to strata with larger variances or sizes

NnSh

=N X
2 NiSh

« Utilizes the formula: Mh
* Provides better precision compared to proportional allocation when strata variances differ significantly

Neyman and Cost-Based Allocation

* Neyman allocation optimizes sample allocation considering both stratum size and variability

+ Balances representation and precision across strata

. — NnSh
+ Calculated using: h =1 X 5 "o~

* Particularly effective when strata have different sizes and variances
+ Cost-based allocation factors in the cost of sampling units in each stratum
» Aims to achieve maximum precision within a given budget

NnSn/v/cn
. i Ny =N X =h=2hvEh
Utilizes the formula: Mn S (NnSnlicn)

+ Useful when sampling costs vary significantly across strata (remote locations, specialized equipment)

Power Allocation and Its Applications

» Power allocation adjusts sample sizes to achieve desired statistical power for hypothesis tests

* Ensures adequate sample sizes for detecting significant differences between strata
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* Involves specifying effect sizes and desired power levels

« Particularly useful in comparative studies or when testing for differences between strata
+ Applications of power allocation include:

« Clinical trials comparing treatment effects across different patient subgroups

» Market research studies examining consumer behavior across demographic segments

* Environmental monitoring programs assessing pollution levels in various geographic regions

Allocation Factors

Stratum Weight and Variance
« Stratum weight represents the proportion of population units in each stratum
« Calculated as Wh = Np/N
* Influences sample allocation in proportional and optimal designs
* Ensures larger strata receive proportionally larger sample sizes
« Stratum variance measures the variability of the characteristic of interest within each stratum
- Denoted as S} or 07
* Higher variance strata often require larger sample sizes for precise estimates

* Plays a crucial role in optimal and Neyman allocation methods

Sampling Fraction and Allocation Factor
» Sampling fraction indicates the proportion of units sampled from each stratum
« Calculated as fn = ha/Np
« Varies across strata in non-proportional allocation methods
* Helps in assessing representation and potential bias in estimates
+ Allocation factor determines the relative sample size assigned to each stratum
» Expressed as a ratio or percentage of the total sample size
* Incorporates various considerations (stratum size, variance, cost)

» Guides the distribution of sample units across strata
Considerations in Allocation

Sample Size Determination and Precision Requirements

» Sample size determination involves calculating the total number of units to be sampled
+ Considers overall population size, desired precision, and confidence level

« Utilizes formulas specific to the sampling design (simple random, stratified, cluster)
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* Affects the allocation process by setting the total sample size to be distributed

* Precision requirements specify the desired level of accuracy for survey estimates
* Often expressed as margin of error or coefficient of variation

* Influence sample size calculations and allocation decisions

» May vary across different survey variables or strata

Cost Constraints and Sampling Efficiency

+ Cost constraints limit the total resources available for sampling

* Include monetary costs, time, personnel, and equipment

« Affect sample size determination and allocation decisions

* May lead to compromises between ideal statistical design and practical limitations

» Sampling efficiency measures the effectiveness of a sampling design in producing precise estimates
» Compares the variance of estimates from different allocation methods

« Considers the trade-offs between cost and precision

* Helps in selecting the most appropriate allocation method for a given survey

4.4 Analysis and estimation in stratified sampling

Stratified sampling divides a population into subgroups, or strata, before sampling. This method ensures
representation across all subgroups and can improve precision. The notes cover key concepts,
implementation steps, and allocation methods for stratified sampling.

Analysis and estimation in stratified sampling involve calculating weighted means and variances from each
stratum. The notes explain how to compute stratified estimates, assess precision, and understand the
benefits of stratification in improving estimation accuracy and sample representativeness.

Stratification and Sampling

Understanding Stratification Concepts

« Stratum represents a homogeneous subgroup within a population sharing common characteristics

« Stratification divides a heterogeneous population into distinct, non-overlapping subgroups (age
groups, income levels)

« Stratified random sampling selects samples independently from each stratum, ensuring representation
across all subgroups

* Post-stratification applies stratification after data collection to improve estimation accuracy
+ Adjusts for unequal selection probabilities

* Corrects for non-response bias

Fiveable archived study guides Page 38



Implementing Stratified Sampling

« Identify relevant stratification variables based on research objectives (geographic regions, educational
levels)

» Determine optimal number of strata balancing precision and cost
* Allocate sample sizes to each stratum using appropriate allocation methods
+ Conduct simple random sampling within each stratum

» Combine data from all strata for analysis and estimation

Allocation Methods

Proportional Allocation

* Allocates sample sizes proportionally to stratum sizes in the population
« Calculation: Np =N X %

* n_h: sample size for stratum h

* n: total sample size

* N_h: population size of stratum h

* N: total population size

* Ensures representation of larger strata in the sample

+ Simple to implement and understand

» Optimal when variances are equal across strata

Optimal Allocation

* Allocates sample sizes based on stratum size and variability

= NnSh
. - -hp=n X
Neyman allocation formula: "'h SN»S;

* S_h: standard deviation of the variable of interest in stratum h

» Minimizes overall variance of the estimator

* Assigns larger samples to strata with higher variability or larger sizes
» Requires prior knowledge or estimates of stratum variances

* More complex to implement than proportional allocation

Stratified Estimates

Calculating Stratified Mean and Variance

« Stratified mean combines weighted means from each stratum

e Formula:
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H
Yst = Z Whys
h=1
* W_h: stratum weight (N_h / N)
* y_h: sample mean of stratum h
« Stratified variance measures variability of the stratified estimator

e Formula:

H

2
V(Vg) = 2 WP
h=1

* s_h”2: sample variance of stratum h

* n_h: sample size of stratum h

Assessing Precision and Confidence

« Stratified standard error quantifies the precision of the stratified mean estimate

« Calculated as the square root of the stratified variance

+ Confidence interval provides a range of plausible values for the population parameter
« Formula: Yst * tas2,dr X SE(Yst)

* t_a/2, df: critical value from t-distribution

» SE(y_st): stratified standard error

» Narrower confidence intervals indicate higher precision of estimates

Benefits of Stratification

Improving Estimation Precision

* Gain in precision reduces sampling error compared to simple random sampling
* Achieved by accounting for between-strata variability

* Leads to smaller standard errors and narrower confidence intervals

« Stratification effect measures the relative efficiency of stratified sampling

o
« Calculated as the ratio of variances: deff = ,%ffj)

+ Values greater than 1 indicate improved precision through stratification

Enhancing Sample Representativeness
* Ensures representation of important subgroups in the sample
* Allows for separate analysis of individual strata
* Improves overall population estimates by combining stratum-level information

* Facilitates comparisons between different strata
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* Reduces the impact of outliers on overall estimates

Fiveable archived study guides Page 41



Unit 5 — Cluster Sampling

5.1 Principles of cluster sampling

Cluster sampling is a powerful tool in survey research, allowing us to study large populations efficiently. It
involves selecting groups (clusters) rather than individuals, making data collection more manageable and
cost-effective.

This section dives into the nuts and bolts of cluster sampling. We'll explore different designs, selection
methods, and key concepts like homogeneity and design effects. Understanding these principles helps us
make smart choices when planning and analyzing cluster-based surveys.

Cluster Sampling Basics

Understanding Cluster Sampling Components

» Cluster represents a naturally occurring group or unit containing multiple elements of interest

* Primary sampling unit (PSU) denotes the initial level of selection in cluster sampling (schools in a
district)

» Secondary sampling unit (SSU) refers to the second level of selection within chosen PSUs (students
within selected schools)

» Homogeneity describes the similarity of elements within a cluster, impacting sampling efficiency

» Heterogeneity indicates diversity among elements within a cluster, potentially improving
representativeness

* Intraclass correlation measures the degree of similarity between elements within the same cluster
* Ranges from 0 to 1, with higher values indicating greater homogeneity

* Influences the precision of cluster sampling estimates

Cluster Characteristics and Implications

« Clusters ideally exhibit internal heterogeneity and external homogeneity

* Natural clusters often form based on geographic, administrative, or organizational boundaries
* Cluster sampling reduces costs and logistical challenges compared to simple random sampling
» Sampling error tends to be higher in cluster sampling due to potential intra-cluster correlations
« Effective cluster sampling balances practical considerations with statistical efficiency

* Cluster size variability impacts sampling design and analysis methods

Cluster Sampling Designs

One-Stage and Two-Stage Cluster Sampling

* One-stage cluster sampling involves selecting entire clusters and including all elements within chosen
clusters
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« Simplifies data collection but may result in larger sample sizes

* Appropriate when cluster sizes are small or when surveying all elements is feasible

» Two-stage cluster sampling selects clusters first, then samples elements within chosen clusters
« Offers greater flexibility and potentially reduces costs

* Allows for customization of sampling fractions at each stage

 Multistage cluster sampling extends beyond two stages for complex population structures

« Useful for large-scale surveys covering diverse geographic areas

» Each stage can employ different sampling methods (simple random, systematic, stratified)

Design Considerations and Effects

* Cluster size influences sampling efficiency and precision of estimates

+ Optimal cluster size balances cost savings with statistical power

* Varies depending on intraclass correlation and survey objectives

* Design effect quantifies the impact of complex sampling designs on variance estimates

* Calculated as the ratio of the variance of a cluster sample to that of a simple random sample
* Values greater than 1 indicate decreased precision compared to simple random sampling

* Informs sample size calculations and adjustments for complex survey designs

Cluster Selection Methods

Probability-Based Selection Techniques

 Equal probability selection method (EPSEM) assigns equal chances of selection to all clusters

« Simplifies sample design and analysis

* Appropriate when clusters are of similar size or size is not correlated with variables of interest

» May lead to unequal probabilities of selection for individual elements if cluster sizes vary

* Probability proportional to size (PPS) sampling adjusts selection probabilities based on cluster size
* Improves efficiency when cluster sizes vary significantly

« Ensures larger clusters have a higher chance of selection, reflecting their greater contribution to the
population

» Can be implemented with or without replacement
» With replacement allows for multiple selections of the same cluster
» Without replacement ensures each cluster is selected at most once

Implementing Cluster Selection Methods

* EPSEM can be achieved through simple random sampling or systematic sampling of clusters
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* Requires a complete list of clusters in the population

» May use random number generators or sampling intervals for selection

* PPS sampling involves calculating cumulative measure of size for clusters

» Measure of size often corresponds to the number of elements in each cluster

* Selection process uses random numbers and cumulative size measures to determine chosen clusters

« Self-weighting designs can be achieved by selecting elements with equal probability within chosen
clusters

» Combination of methods can be used in multistage designs
» PPS at the first stage with EPSEM at subsequent stages

* Tailored to specific survey objectives and population characteristics

5.2 One-stage and two-stage cluster sampling

Cluster sampling is a key technique in survey research, allowing for efficient data collection from groups of
population elements. One-stage and two-stage methods offer different approaches, balancing precision
and practicality in sample selection.

Understanding primary and secondary sampling units is crucial for implementing cluster sampling
effectively. These concepts form the foundation for designing surveys that capture population
characteristics while managing resources and logistical constraints.

Cluster Sampling Basics

Primary and Secondary Sampling Units
« Cluster represents a group of population elements serving as the sampling unit
* Primary sampling unit (PSU) denotes the initial unit selected in cluster sampling
« Often corresponds to naturally occurring groups (schools, hospitals, neighborhoods)
» Forms the basis for the first stage of selection in cluster sampling
» Secondary sampling unit (SSU) refers to the elements or subgroups within the selected PSUs
* Selected in the second stage of two-stage cluster sampling

* Can be individual elements or smaller subgroups within the PSU

One-Stage and Two-Stage Cluster Sampling
+ One-stage cluster sampling involves selecting PSUs and including all elements within chosen clusters
« Simplifies data collection by focusing on fewer, larger units
* Reduces travel and administrative costs compared to simple random sampling
» Two-stage cluster sampling selects PSUs first, then samples SSUs within chosen clusters
+ Offers more flexibility in sample size and allocation

+ Allows for more precise estimates when clusters are large or heterogeneous
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» Sampling frame lists all clusters or PSUs in the population
* Crucial for the proper implementation of cluster sampling

» May be easier to construct than a complete list of individual elements

Cluster Characteristics

Intraclass Correlation and Homogeneity

* Intraclass correlation measures the similarity of elements within clusters

* Ranges from 0 (no correlation) to 1 (perfect correlation)

* Higher values indicate greater homogeneity within clusters

» Homogeneity within clusters refers to the similarity of elements in the same cluster
« Affects the efficiency of cluster sampling

» Can lead to less precise estimates compared to simple random sampling
 Heterogeneity between clusters indicates differences among clusters

+ Desirable for cluster sampling to capture population variability

* Improves the representativeness of the sample

Cluster Size Considerations

* Cluster size impacts sampling efficiency and logistics

« Larger clusters may reduce travel costs but increase intraclass correlation

» Smaller clusters often provide more precise estimates but may increase overall sample size
» Optimal cluster size balances statistical efficiency and practical considerations

» Depends on the specific study objectives and resource constraints

* May vary depending on the population structure and research question

Efficiency and Cost
Design Effect and Sampling Efficiency

+ Design effect measures the efficiency of cluster sampling relative to simple random sampling

* Calculated as the ratio of the variance of the cluster sample to that of a simple random sample
* Values greater than 1 indicate a loss in precision due to clustering

» Sampling efficiency compares the precision of different sampling designs

* Influenced by cluster characteristics, sample size, and allocation methods

* Helps researchers choose the most appropriate sampling strategy for their study
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Cost-Effectiveness and Practical Considerations

* Cost-effectiveness balances statistical precision with resource constraints

+ Cluster sampling often reduces travel and administrative costs

* May require larger sample sizes to achieve the same precision as simple random sampling
+ Practical considerations include:

* Ease of accessing and enumerating clusters

+ Availability of sampling frames at different levels

* Logistical constraints in data collection and analysis

* Trade-offs between cost, precision, and feasibility guide the choice of sampling design

* Researchers must weigh these factors to optimize their sampling strategy

* May involve compromises between ideal statistical properties and practical limitations

5.3 Estimation in cluster sampling

Cluster sampling is a powerful technique that selects groups of elements rather than individual units. It's
efficient for large populations but requires careful consideration of intraclass correlation and design effects.
These factors impact the precision of estimates and the overall effectiveness of the sampling strategy.

Estimation in cluster sampling involves unique challenges due to the hierarchical structure of the data. This
section covers key concepts like primary and secondary sampling units, variance components, and
specialized estimators designed to account for the complexities of clustered data.

Cluster Sampling Units
Primary and Secondary Sampling Units

« Cluster represents a group of elements naturally occurring together in the population

* Primary sampling unit (PSU) denotes the first level of sampling in cluster sampling

* Typically corresponds to the cluster itself

* Selected randomly from the population of clusters

» Secondary sampling unit (SSU) refers to the individual elements within a selected cluster
» Sampled after PSUs have been chosen

» Can be all elements in the cluster or a subset

Intraclass Correlation and Its Impact

* Intraclass correlation measures the similarity of elements within clusters
» Ranges from 0 to 1, with higher values indicating greater homogeneity within clusters
+ Affects the efficiency of cluster sampling

* Higher intraclass correlation reduces the effectiveness of cluster sampling
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* Lower intraclass correlation makes cluster sampling more efficient

+ Calculated using variance components (between-cluster and within-cluster variances)

Variance and Design Effect

Design Effect and Effective Sample Size

+ Design effect quantifies the impact of complex sampling designs on variance estimation

* Calculated as the ratio of the variance of an estimate under cluster sampling to the variance under
simple random sampling

+ Values greater than 1 indicate loss of precision due to cluster sampling

« Effective sample size represents the equivalent simple random sample size that would yield the same
precision as the cluster sample

« Calculated by dividing the actual sample size by the design effect

* Helps in comparing the efficiency of different sampling designs

Variance Components in Cluster Sampling

* Variance estimation in cluster sampling considers two main components

» Between-cluster variance measures the variability among cluster means

* Reflects differences between clusters in the population

* Larger between-cluster variance indicates more heterogeneity among clusters

« Within-cluster variance represents the variability of elements within each cluster
» Measures how much individual elements differ from their cluster mean

» Smaller within-cluster variance suggests more homogeneity within clusters

* Total variance combines both between-cluster and within-cluster components

» Used to calculate standard errors and confidence intervals for estimates

Cluster Estimators

Horvitz-Thompson and Ratio Estimators
* Horvitz-Thompson estimator provides an unbiased estimate of population total in cluster sampling
* Incorporates sampling weights to account for unequal selection probabilities

* Formula:

, where Yi is the observed value and T is the selection probability
* Ratio estimator improves precision by utilizing auxiliary information

» Combines the variable of interest with a correlated auxiliary variable
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* Formula:
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, where X is the known population total of the auxiliary variable

Cluster and Overall Mean Estimation

* Cluster mean represents the average value of elements within a single cluster
+ Calculated by summing all element values in the cluster and dividing by cluster size
* Formula:
M,
yi= ﬁ Z Yi
j=1
, where M is the size of cluster f
* Overall mean estimates the population mean across all clusters
+ Can be calculated using different methods depending on the sampling design

* Unweighted mean of cluster means:

» Weighted mean of cluster means:

, where Wi are sampling weights

5.4 Efficiency considerations in cluster sampling

Cluster sampling efficiency hinges on balancing homogeneity within clusters and heterogeneity between
them. The intraclass correlation and rate of homogeneity play crucial roles in determining the design effect,
which measures how cluster sampling compares to simple random sampling.

Optimizing cluster size and number is key to maximizing efficiency. By considering factors like travel costs,
fixed expenses, and variable costs per unit, researchers can strike a balance between precision and
cost-effectiveness. Optimal allocation strategies help achieve the best compromise between these
competing factors.

Cluster Homogeneity and Heterogeneity

Intraclass Correlation and Cluster Characteristics

* Intraclass correlation measures similarity of units within clusters
* Values range from 0 to 1, with higher values indicating greater homogeneity

+ Calculated using analysis of variance (ANOVA) techniques
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* Influences the precision of cluster sampling estimates

» Homogeneity within clusters refers to similarity of units in the same cluster

* Increases as units share more common characteristics (socioeconomic status, education level)
* Reduces the unique information gained from each sampled unit

» Heterogeneity between clusters describes differences among different clusters

» Enhances the representativeness of the overall sample

* Allows for capturing diverse population characteristics

Rate of Homogeneity and Its Impact

» Rate of homogeneity quantifies the degree of similarity within clusters

* Expressed as a proportion of total variance attributable to between-cluster differences

0.2

+ Calculated using the formula: P = "=
b w

2 .
» 0, represents between-cluster variance
2 I .
» 0, represents within-cluster variance
* Higher rates of homogeneity lead to increased design effects

* Impacts the efficiency of cluster sampling compared to simple random sampling

* Influences the required sample size to achieve desired precision levels

Design Effect and Efficiency
Understanding Design Effect

* Design effect (Deff) measures the impact of complex sampling designs on estimation precision
» Compares the variance of a cluster sample estimate to that of a simple random sample

* Calculated as the ratio of cluster sampling variance to simple random sampling variance

Varc/uster(é)

. - Deff= >
Formula: Varows(®)

. Varduster(é) represents the variance of the estimate in cluster sampling
. VarSRS(é) represents the variance of the estimate in simple random sampling

* Values greater than 1 indicate reduced precision compared to simple random sampling

* Influenced by intraclass correlation and average cluster size

Efficiency and Effective Sample Size

» Sampling variance in cluster sampling often exceeds that of simple random sampling
« Affected by the design effect and intraclass correlation

« Effective sample size represents the equivalent simple random sample size for a given cluster sample
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— _n
« Calculated as: Neff = peg

=

- Ner represents the effective sample size

N represents the actual cluster sample size

« Cluster sampling efficiency decreases with increasing intraclass correlation
« Efficiency can be improved by:

* Increasing the number of clusters

* Reducing cluster sizes

« Stratifying clusters before selection

Cluster Size and Allocation

Optimizing Cluster Size and Number

* Cluster size refers to the number of units sampled within each selected cluster
* Impacts the precision and cost of the survey

« Larger clusters may reduce travel costs but increase design effects

* Number of clusters influences the representativeness of the sample

* Selecting more clusters with fewer units per cluster often improves precision

* Trade-off exists between cluster size and number of clusters

+ Cost-efficiency considers both statistical efficiency and operational costs

« Factors affecting cost-efficiency include:

* Travel expenses between clusters

* Fixed costs per cluster (setting up sampling operations)

* Variable costs per unit within clusters

Optimal Allocation Strategies

+ Optimal allocation aims to balance precision and cost considerations

* Involves determining the ideal number of clusters and units per cluster

+ Can be achieved through mathematical optimization techniques

« Considers the intraclass correlation, desired precision, and cost constraints

* General formula for optimal cluster size: mgpe = 1/ £ - 1-p

« Mopt represents the optimal cluster size
« C1 represents the cost per cluster
« C2 represents the cost per unit within a cluster

+ P represents the intraclass correlation
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* Allocation strategies may vary based on survey objectives and resource constraints

+ Can be adjusted to account for varying cluster sizes or unequal selection probabilities
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Unit 6 — Multistage Sampling

6.1 Concept and design of multistage sampling

Multistage sampling is a powerful technique for surveying large, diverse populations. It breaks down the
sampling process into stages, starting with broad units and narrowing down to specific individuals or
elements. This approach balances efficiency and representativeness.

The design involves selecting primary sampling units, then secondary units within those, and so on. Each
stage can use different sampling methods like clustering, stratification, or probability proportional to size.
This flexibility allows researchers to tailor the approach to their specific study needs and population
characteristics.

Sampling Stages and Units

Multistage Sampling Structure

» Multistage sampling involves selecting samples in multiple stages, gradually narrowing down from
larger units to smaller subunits

* Primary sampling units (PSUs) represent the first level of selection in a multistage design (states,
counties, or large geographical areas)

» Secondary sampling units (SSUs) are selected within the chosen PSUs (cities, neighborhoods, or
schools)

« Sampling stages can extend beyond two levels, depending on the complexity of the study design

» Subsampling occurs at each stage, selecting a portion of units from the previous stage

Hierarchical Selection Process

« Sampling frame consists of a list of all PSUs in the population

» First stage selects a sample of PSUs using probability sampling methods
» Subsequent stages involve selecting SSUs within the chosen PSUs

* Final stage typically selects individual respondents or elements of interest

» Each stage can employ different sampling techniques (simple random, stratified, or cluster sampling)

Sampling Techniques

Clustering in Multistage Sampling
« Clustering groups similar units together to improve sampling efficiency
» Reduces travel costs and time for data collection in geographically dispersed populations
* Natural clusters often exist in populations (schools, hospitals, or neighborhoods)
* Can lead to increased sampling error due to potential homogeneity within clusters

* Requires careful consideration of cluster size and number to balance efficiency and precision
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Stratification and Probability Proportional to Size

« Stratification divides the population into homogeneous subgroups before sampling

« Improves representation of different population segments

* Enhances precision by reducing sampling variability

* Probability proportional to size (PPS) sampling allocates selection probabilities based on unit size
* PPS often used for selecting PSUs, giving larger units a higher chance of selection

» Combines well with stratification to ensure proper representation of diverse population segments

Sampling Frame Construction
» Sampling frame provides a comprehensive list of all sampling units at each stage
* Requires careful development to ensure coverage of the entire target population
* May use existing databases, registers, or specially constructed lists
 Updating frames regularly prevents issues with undercoverage or overcoverage

* Quality of the sampling frame directly impacts the validity of the multistage sample

Sampling Efficiency and Estimation

Design Effect and Intraclass Correlation

* Design effect measures the efficiency of a complex sampling design compared to simple random
sampling

« Calculated as the ratio of the variance of an estimate under the complex design to the variance under
simple random sampling

* Intraclass correlation quantifies the similarity of units within the same cluster
* Higher intraclass correlation leads to larger design effects and reduced precision

* Design effect influences sample size calculations and variance estimation in multistage designs

Sampling Weights and Variance Estimation

» Sampling weights account for unequal selection probabilities in multistage designs
+ Calculated as the inverse of the overall selection probability for each sampled unit
» Weights adjust for non-response and post-stratification to improve representativeness

* Variance estimation in multistage sampling requires specialized techniques (Taylor series
linearization, replication methods)

 Accounts for the complex design features such as stratification, clustering, and weighting

 Software packages (SUDAAN, STATA, R survey package) facilitate analysis of multistage sample
data
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Efficiency Considerations

» Sampling efficiency balances cost, precision, and representativeness in multistage designs

+ Optimal allocation of sample sizes across stages maximizes efficiency

* Considers factors such as cost per unit at each stage and variability within and between clusters
* Trade-offs between number of PSUs and number of units sampled within each PSU

* Pilot studies or prior knowledge help inform efficient multistage sampling designs

6.2 Probability proportional to size (PPS) sampling

Probability proportional to size (PPS) sampling is a game-changer in survey design. It gives bigger, more
important units a better shot at being picked, which can lead to more accurate results. This method is
super useful when you're dealing with units of different sizes or importance.

PPS sampling is a key player in multistage sampling. It helps researchers pick primary sampling units
(PSUs) in a way that balances representation and efficiency. This approach can save time and money
while still giving reliable data.

PPS Sampling Basics

Understanding PPS and Measure of Size

* Probability proportional to size (PPS) sampling selects units with probabilities proportional to their size
or importance

* Measure of size (MOS) quantifies the relative importance of each unit in the population
» MOS correlates strongly with the variable of interest improves precision of estimates
» Common MOS includes population counts, land area, or sales volume

» Sampling frame contains list of all units in the population with their corresponding MOS values

Unequal Probability and Size Bias

» Unequal probability sampling assigns different selection probabilities to units based on their MOS
« Larger units have higher chances of selection enhances representation of important elements

« Size bias occurs when larger units are overrepresented in the sample

* PPS sampling corrects for size bias by adjusting selection probabilities

* Balances representation of small and large units in the final sample

PPS Sampling Methods

Cumulative Total and Systematic PPS

» Cumulative total method creates a running sum of MOS values across all units
* Random number generated between 0 and the total cumulative MOS

» Unit selected when cumulative total exceeds the random number
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» Systematic PPS sampling divides the cumulative total into equal intervals

» Random start point chosen within the first interval determines subsequent selections

With and Without Replacement PPS

» With replacement PPS (PPSWR) allows units to be selected multiple times

* PPSWR simplifies calculations and analysis

» Without replacement PPS (PPSWOR) ensures each unit appears only once in the sample
* PPSWOR increases efficiency by avoiding duplication

* PPSWOR requires more complex sampling algorithms (Brewer's method or Hanurav-Vijayan
algorithm)

PPS Sampling Properties

Inclusion Probabilities and Self-Weighting Samples

* Inclusion probability represents the chance of a unit being selected in the sample

+ Calculated as the ratio of unit's MOS to the total MOS of the population

* Self-weighting samples have equal weights for all selected units

* PPS can create self-weighting samples when MOS is proportional to the variable of interest

« Self-weighting simplifies analysis and reduces the need for complex weighting procedures

Efficiency Gains and Precision

* PPS sampling often yields more precise estimates than simple random sampling
« Efficiency gains result from incorporating auxiliary information through MOS

* Reduces sampling variance by allocating more resources to important units

« Particularly effective when MOS strongly correlates with the variable of interest

+ Can lead to smaller sample sizes for the same level of precision

PPS Estimators

Horvitz-Thompson Estimator and Applications
* Horvitz-Thompson estimator provides unbiased estimates for population totals in PPS sampling
+ Calculated by summing the ratio of observed values to inclusion probabilities
) y=Su . . Vi o
Formula: £ where Y is the estimated total, ¥i is the observed value, and 'li is the inclusion
probability
* Accounts for unequal selection probabilities in the estimation process

» Widely used in complex surveys and multi-stage sampling designs
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Variance Estimation and Confidence Intervals

* Variance of Horvitz-Thompson estimator depends on joint inclusion probabilities

« Exact variance calculation complex for PPSWOR designs

» Approximation methods (linearization, replication) often used for variance estimation

+ Confidence intervals constructed using estimated variance and normal distribution assumptions

* Bootstrap methods provide alternative approach for variance and confidence interval estimation in
PPS sampling

6.3 Estimation procedures in multistage sampling

Multistage sampling is a complex method used in large-scale surveys. It involves selecting samples in
stages, starting with larger units and progressively narrowing down to smaller ones. This approach
balances cost-effectiveness with the need for representative data.

Estimation in multistage sampling requires special techniques to account for the complex design. These
methods include using weighted estimators, calculating design effects, and applying variance estimation
techniques like Taylor series linearization or resampling methods.

Multistage Sampling Units
Primary and Secondary Sampling Units

* Primary Sampling Units (PSUs) form the first stage of selection in multistage sampling
* Typically larger geographical areas (states, counties)

* Selected using probability proportional to size (PPS) sampling

» Secondary Sampling Units (SSUs) constitute the second stage of selection

» Smaller units within PSUs (neighborhoods, schools)

* Often selected using simple random sampling or systematic sampling

* Tertiary and subsequent stages may follow depending on the study design

* PSUs and SSUs create a hierarchical structure in the sample

Cluster Sampling and Its Applications

» Cluster sampling involves selecting groups of elements rather than individual elements
* Reduces costs associated with data collection and field operations

« Natural clusters include households, schools, or hospital wards

» Two-stage cluster sampling combines cluster and element sampling

* First stage selects clusters (PSUs)

» Second stage selects elements within chosen clusters (SSUs)

* Cluster sampling can lead to increased sampling error due to homogeneity within clusters
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Stratification in Multistage Sampling

« Stratification divides the population into non-overlapping subgroups before sampling
« Improves precision of estimates by reducing sampling variance

+ Can be applied at various stages of multistage sampling

* PSUs can be stratified by region or urbanicity

» SSUs can be stratified by demographic characteristics

* Proportional allocation distributes sample size proportionally to strata sizes

+ Optimal allocation considers both strata sizes and variances for sample distribution

Variance Estimation Techniques

Design Effect and Intraclass Correlation

* Design effect (DEFF) measures the efficiency of complex sampling designs

* Ratio of the variance of an estimate under the complex design to the variance under simple random
sampling

* DEFF > 1 indicates loss of precision compared to simple random sampling

* Intraclass correlation (ICC) quantifies the homogeneity within clusters

» Ranges from 0 to 1, with higher values indicating greater similarity within clusters
« Affects the precision of estimates in cluster sampling

« Relationship between design effect and intraclass correlation: DEFF =1 + (n — 1) *ICC Where n is
the average cluster size

Variance Estimation Methods

* Taylor series linearization approximates complex estimators using linear functions
» Widely used for its computational efficiency and broad applicability

* Requires partial derivatives of the estimator with respect to survey variables

+ Jackknife method involves creating subsamples by removing one PSU at a time

* Calculates the estimate for each subsample to assess variability

* Useful for non-smooth estimators and small sample sizes

* Bootstrap method generates multiple resamples with replacement

« Creates a distribution of estimates to assess variability

* Versatile but computationally intensive for large datasets

Fiveable archived study guides Page 57



Estimators and Adjustments

Horvitz-Thompson Estimator and Its Properties

* Horvitz-Thompson estimator provides unbiased estimation for complex survey designs
* Incorporates sampling weights to account for unequal selection probabilities

» General form:

A

Y=

M=

Yi
i
i=1

Where Yi is the observed value and T/ is the inclusion probability
* Applicable to various sampling designs including multistage and unequal probability sampling

* Variance of the Horvitz-Thompson estimator depends on joint inclusion probabilities

Weighting Adjustments and Their Impact
» Weighting adjustments correct for non-response and post-stratification
» Non-response adjustments increase weights of respondents to represent non-respondents
« Post-stratification aligns sample totals with known population totals
« Calibration weighting adjusts weights to satisfy multiple constraints simultaneously
* Improves precision and reduces bias in estimates
* Uses auxiliary information from reliable external sources
» Weight trimming reduces extreme weights to mitigate their influence on estimates

» Balances between bias reduction and variance control

Finite Population Correction Factor

* Finite population correction (FPC) adjusts variance estimates for sampling from finite populations

» Becomes significant when the sampling fraction exceeds 5-10% of the population

* FPC formula: fpc = 4/ x:’l’ Where N is the population size and n is the sample size

* Applies to variance estimates at each stage of multistage sampling

» Reduces the estimated variance, reflecting the increased precision from sampling a larger proportion
of the population

6.4 Applications of multistage sampling

Multistage sampling is a powerful tool for tackling complex surveys. It lets researchers break down big
populations into manageable chunks, saving time and money while still getting good data. This method
shines in large-scale studies, from national censuses to market research.

The key is smart design. By combining techniques like clustering and stratification, researchers can
balance efficiency and accuracy. It's all about picking the right units at each stage and accounting for how
they relate to each other. This approach opens doors for studying diverse populations effectively.
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Types of Multistage Sampling

Hierarchical Sampling Units

* Primary sampling units (PSUs) form the initial level of sampling, often representing larger
geographical areas or organizational units

» Secondary sampling units (SSUs) consist of subgroups within PSUs, providing a more focused
sampling approach

* Tertiary sampling units (TSUs) represent the final level of sampling, offering the most granular data
collection points

« Hierarchical structure allows for efficient sampling across multiple levels of population organization

Cluster and Stratified Sampling Methods
* Cluster sampling involves selecting groups or clusters of elements rather than individual units
* Reduces costs and simplifies data collection in geographically dispersed populations
+ Can lead to higher sampling error due to potential similarities within clusters
« Stratified sampling divides the population into homogeneous subgroups (strata) before sampling
* Ensures representation of different population segments
* Improves precision by reducing sampling variability

» Combination of cluster and stratified sampling often used in multistage designs for optimal balance
between cost and precision

Sampling Frame and Design

Sampling Frame Construction

» Sampling frame serves as a comprehensive list of all units in the target population
« Crucial for ensuring accurate representation and avoiding bias

» May include lists of households, schools, or other relevant units

* Challenges in frame construction include:

* Incomplete or outdated information

* Duplicates or omissions

» Coverage errors (undercoverage or overcoverage)

» Regular updating and maintenance of sampling frames essential for long-term survey quality

Design Considerations and Efficiency

* Design effect measures the efficiency of a complex sampling design compared to simple random
sampling
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+ Calculated as the ratio of the variance of an estimate under the complex design to the variance under
simple random sampling

* Values greater than 1 indicate decreased precision due to complex design

* Intraclass correlation quantifies the similarity of units within the same cluster

* Higher intraclass correlation leads to increased design effect and reduced precision

* Influences the optimal cluster size and number of sampling stages

* Cost efficiency balances statistical precision with practical constraints

+ Considers factors such as travel costs, interviewer time, and data processing expenses

+ Optimal design minimizes costs while maintaining acceptable levels of precision

Applications in Large-Scale Surveys

National and Regional Surveys

» Geographical dispersion necessitates multistage sampling for nationwide studies

* Allows efficient coverage of large areas with diverse populations

« Commonly used in census operations and national health surveys

+ National surveys employ multistage designs to gather representative data on various topics
» Economic indicators (employment rates, consumer spending)

* Social trends (voting behavior, public opinion)

* Health statistics (disease prevalence, healthcare utilization)

+ Regional variations accounted for through stratification and appropriate allocation of sampling units

Specialized Research Applications

» Market research utilizes multistage sampling to study consumer behavior and preferences

» Combines demographic stratification with cluster sampling of retail locations

» Enables cost-effective data collection for product development and marketing strategies

» Educational assessments implement multistage designs to evaluate student performance

» Sampling of schools, classrooms, and individual students

* Allows for comparisons across different educational levels and geographical areas

« Large-scale surveys in fields such as sociology and psychology benefit from multistage sampling
* Facilitates studying complex social phenomena across diverse populations

» Enables researchers to balance sample representativeness with logistical constraints
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Unit 7 — Survey Design and Questionnaire
Development

7.1 Principles of effective survey design

Effective survey design is crucial for gathering accurate, meaningful data. This topic covers key principles,
from defining objectives and selecting sampling methods to crafting well-structured questionnaires. It
emphasizes the importance of reducing bias and maximizing response rates for reliable results.

Understanding these principles helps researchers create surveys that yield valid, reliable data. By carefully
planning, testing, and administering surveys, researchers can ensure their findings accurately represent
the target population and provide valuable insights for decision-making.

Survey Planning

Defining Survey Objectives and Population
* Survey objectives guide entire research process by outlining specific goals and information needs
* Target population consists of all individuals or units about which information is desired
* Includes defining characteristics (age, location, occupation)
+ Determines scope and generalizability of results
» Sampling frame represents list or source from which sample will be drawn
+ Can include voter registration lists, phone directories, or customer databases

* Must be comprehensive and up-to-date to ensure representativeness

Selecting Appropriate Sampling Methods
» Sampling method determines how participants are chosen from sampling frame
* Probability sampling ensures each unit has known, non-zero chance of selection
* Simple random sampling gives equal probability to all units
« Stratified sampling divides population into subgroups before random selection
« Cluster sampling selects groups of units rather than individuals
* Non-probability sampling used when probability sampling is not feasible
» Convenience sampling selects easily accessible participants
» Quota sampling ensures representation of specific subgroups

» Snowball sampling relies on referrals from initial participants

Fiveable archived study guides Page 61



Questionnaire Design

Question Types and Response Formats

* Closed-ended questions provide predefined response options

* Multiple choice allows selection of one or more options

« Likert scales measure attitudes on a continuum (strongly disagree to strongly agree)
» Ranking questions ask respondents to order items by preference or importance
* Open-ended questions allow free-form responses

* Provide rich, detailed information but require more analysis

+ Useful for exploring new topics or gathering unexpected insights

* Response formats affect data quality and analysis options

* Nominal scales categorize responses without inherent order (gender, ethnicity)
+ Ordinal scales have meaningful order but unequal intervals (education level)

* Interval scales have equal intervals between values (temperature in Celsius)

* Ratio scales have a true zero point and allow for meaningful ratios (age, income)

Questionnaire Structure and Bias Reduction

* Questionnaire flow impacts respondent engagement and data quality

« Start with easy, non-threatening questions to build rapport

* Group related questions together for logical progression

* Place sensitive questions towards the end to minimize early dropout

* Bias reduction techniques improve data accuracy

* Avoid leading questions that suggest a preferred answer

* Use neutral language to prevent influencing responses

» Randomize response options to counteract order effects

 Cognitive interviewing assesses question comprehension and response processes
* Think-aloud protocols ask respondents to verbalize their thought process
* Probing techniques explore reasons behind specific answers

* Helps identify ambiguous or confusing questions before full-scale implementation

Survey Testing and Administration

Pilot Testing and Survey Mode Selection

* Pilot testing involves small-scale trial run of survey

« Identifies potential issues with question wording, flow, or response options
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* Allows estimation of survey completion time and resource requirements

* Provides opportunity to test data collection and analysis procedures

» Survey mode affects response rates, data quality, and costs

* In-person interviews offer high response rates and allow for complex questions

* Telephone surveys balance cost and reach but face declining response rates

» Web surveys provide cost-effective data collection with potential coverage issues

* Mixed-mode approaches combine multiple methods to overcome limitations

Maximizing Response Rates

* Response rate impacts representativeness and generalizability of results

« Strategies to increase participation

* Pre-notification informs potential respondents about upcoming survey

» Multiple contact attempts reach respondents at convenient times

* Incentives (monetary or non-monetary) motivate participation

* Personalization of survey materials increases relevance to respondents

+ Clear explanation of survey purpose and importance encourages engagement

» Non-response bias occurs when non-respondents differ systematically from respondents
 Analyze characteristics of non-respondents to assess potential bias

» Use weighting techniques to adjust for under-represented groups
Data Quality
Ensuring Validity and Reliability

« Validity measures extent to which survey accurately captures intended concepts

» Face validity assesses whether questions appear relevant to respondents

« Content validity ensures comprehensive coverage of all aspects of a concept

« Construct validity examines relationship between survey measures and theoretical constructs
« Criterion validity compares survey results to external, established measures

* Reliability refers to consistency and reproducibility of survey results

* Test-retest reliability measures stability of responses over time

« Internal consistency assesses how well items measuring same concept correlate

* Inter-rater reliability evaluates agreement between different observers or coders

« Strategies to improve data quality

* Use standardized questions and response options when possible
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* Train interviewers thoroughly to ensure consistent administration
* Implement data cleaning procedures to identify and correct errors

+ Conduct follow-up studies to verify key findings and assess reliability

7.2 Types of questions and response formats

Crafting effective survey questions is crucial for gathering accurate and meaningful data. This topic dives
into various question types and response formats, from open-ended to closed-ended questions, and rating
scales to ranking systems.

Understanding these options helps researchers design surveys that capture the right information. By
choosing appropriate question types and response formats, surveyors can minimize bias, improve
response rates, and collect data that truly answers their research questions.

Question Types

Open-ended and Closed-ended Questions

» Open-ended questions allow respondents to answer in their own words

* Provide rich, detailed information

* Useful for exploring new topics or gathering unexpected insights

+ Can be challenging to analyze due to varied responses

+ Closed-ended questions offer pre-determined response options

« Easier to quantify and analyze statistically

* Ensure consistency across responses

» May limit the depth of information gathered

+ Multiple choice questions present several options for respondents to choose from
* Can include single-answer or multiple-answer formats

« Useful for gathering specific information on preferences or behaviors

+ Dichotomous questions offer only two response options (yes/no, true/false)
+ Simple and quick to answer

* Useful for screening questions or gathering factual information

* May oversimplify complex issues

Contingency Questions

 Contingency questions depend on the answer to a previous question
* Also known as skip logic or branching questions
* Direct respondents to relevant follow-up questions based on their answers

* Improve survey efficiency by avoiding irrelevant questions
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» Can be used to gather more detailed information from specific subgroups
« Implement contingency questions carefully to maintain logical flow

« Consider using survey software that supports skip logic for complex contingencies
Rating Scales

Likert and Semantic Differential Scales

* Likert scale measures agreement levels with statements

* Typically uses 5 or 7 points (strongly disagree to strongly agree)

+ Allows for nuanced responses and easy quantification

» Widely used in attitude and opinion surveys

» Semantic differential scale uses bipolar adjectives at scale endpoints

* Measures attitudes or perceptions between two opposing concepts

+ Usually employs 5 or 7 points between adjective pairs (good-bad, strong-weak)

* Useful for brand perception or product evaluation surveys

Rating and Matrix Questions

* Rating scale asks respondents to rate items on a numeric scale

» Can use various ranges (1-5, 1-10) depending on desired precision

« Useful for measuring satisfaction, importance, or frequency

* Allows for easy comparison between items

» Matrix questions present multiple items to be rated using the same scale

« Efficient way to gather ratings on several related items

+ Can reduce survey length and respondent fatigue

* Risk of straight-lining (respondents selecting the same option for all items)

* Consider using reverse-coded items in matrices to check for attentiveness

Response Formats

Nominal and Ordinal Formats

* Nominal response format categorizes answers without inherent order
+ Used for demographic questions (gender, ethnicity, occupation)

+ Allows for mutually exclusive and exhaustive categories

* Analysis focuses on frequencies and proportions

+ Ordinal response format involves categories with a meaningful order

+ Used for education levels, income brackets, or satisfaction ratings
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» Enables ranking of responses but doesn't indicate magnitude of differences

» Median and mode are appropriate measures of central tendency

Interval and Ratio Formats

* Interval response format has equal distances between response options

» Temperature measurements (Celsius, Fahrenheit) exemplify interval scales
* Allows for addition and subtraction, but no true zero point

» Mean and standard deviation can be calculated

+ Ratio response format includes a true zero point and equal intervals

* Used for measurements like age, income, or distance

* Allows for all arithmetic operations, including multiplication and division

 Provides the most detailed level of measurement

Ranking Questions

» Ranking questions ask respondents to order items based on preference or importance
« Useful for determining relative priorities among options

» Can be implemented as drag-and-drop or numbering systems in online surveys

* Limited by cognitive load (avoid ranking more than 7-10 items)

+ Consider using partial ranking for long lists of items

* Ask respondents to select and rank top 3 or 5 choices

* Reduces respondent fatigue and improves data quality

7.3 Questionnaire layout and organization

Questionnaire layout and organization are crucial for successful surveys. They guide respondents, reduce
fatigue, and improve data quality. Proper structure ensures smooth flow, while smart formatting enhances
readability and engagement.

Visual design plays a key role in survey effectiveness. Consistent aesthetics, clear typography, and
strategic use of color and imagery can significantly boost response rates and data accuracy. Mobile
optimization is also essential in today's digital landscape.

Questionnaire Structure

Flow Logic and Skip Patterns
* Flow logic guides respondents through the survey based on their answers
» Determines which questions are presented to each respondent
« Skip patterns direct respondents to skip irrelevant questions

* Reduces survey fatigue and improves data quality
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* Branching logic creates different paths through the questionnaire
* Allows for personalized question sequences based on previous responses
» Enhances survey efficiency by tailoring questions to specific subgroups

* Implementation requires careful planning and testing to ensure accuracy

Question Order Effects and Grouping
* Question order effects influence how respondents interpret and answer questions
« Earlier questions can prime respondents' thoughts for later questions
« Sensitive questions placed at the end reduce dropout rates
* Grouping related questions improves survey flow and respondent comprehension
* Organizes questions by topic or theme
* Reduces cognitive load on respondents
« Section headings provide structure and context for question groups
* Clearly define different parts of the questionnaire
* Help respondents understand the survey's progression

« Strategic ordering and grouping can mitigate response bias and improve data quality

Questionnaire Formatting

Page Layout and Response Formats

» Page breaks divide the questionnaire into manageable sections

* Prevent overwhelming respondents with too many questions at once

* Allow for natural pauses and transitions between topics

» Response formats vary based on question type and data requirements
* Include multiple choice, Likert scales, open-ended text boxes

« Selection impacts data analysis and respondent engagement

» Matrix questions present multiple items with the same response options
« Efficient for collecting data on related concepts

» Requires careful design to avoid respondent fatigue

* Instructions placement crucial for clear communication

* General instructions at the beginning of the survey

« Specific instructions adjacent to relevant questions

« Clear formatting (bold, italics, different font) to distinguish from questions
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Progress Indicators and Navigation

* Progress indicators show respondents their position in the survey

» Can be presented as percentage completed or current page number

» Motivates respondents to complete the survey

* Navigation buttons (Next, Back, Submit) guide respondents through the questionnaire

+ Consistent placement improves user experience

« Consider disabling the Back button for certain question types to prevent data inconsistencies
+ Clear exit options allow respondents to leave the survey if needed

* Includes save and continue later functionality for longer surveys

» Mobile-friendly design ensures accessibility across devices

» Responsive layout adapts to different screen sizes

« Simplifies matrix questions for smaller screens

Visual Design

Visual Design Principles for Surveys

« Consistency in design elements throughout the questionnaire

« Uniform font styles, colors, and formatting

« Establishes a professional appearance and improves readability

» White space utilization balances content and reduces visual clutter
* Improves focus on individual questions

* Enhances overall aesthetic appeal

+ Color usage guides respondent attention and groups related elements
* Avoid colors that may be difficult for colorblind respondents

* Use color sparingly to highlight important information

» Typography choices impact readability and survey completion rates
« Sans-serif fonts (Arial, Helvetica) for digital surveys

» Adequate font size for all age groups (minimum 12pt)

* Visual hierarchy directs respondents’ attention to key elements

* Larger font for questions, smaller for instructions

+ Bold or italics for emphasis, used sparingly

* Imagery and icons can enhance question clarity and engagement

» Ensure images are relevant and culturally appropriate
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* Use universally recognized icons to supplement text instructions
+ Mobile-optimized design considers touch interfaces and smaller screens
* Larger touch targets for buttons and response options

* Vertical layouts for easier scrolling on mobile devices

7.4 Pilot testing and questionnaire refinement

Pilot testing and questionnaire refinement are crucial steps in creating effective surveys. These processes
involve testing surveys on small groups, gathering feedback, and making improvements to ensure
questions are clear and data is reliable.

Researchers use various techniques like cognitive interviewing and field testing to evaluate surveys. They
analyze question performance, assess reliability and validity, and refine the questionnaire design. This
iterative process helps create surveys that accurately measure intended constructs and yield high-quality
data.

Pilot Testing

Evaluating Survey Effectiveness

* Pilot study involves testing the survey on a small group of respondents before full implementation

* Helps identify potential issues with question wording, survey flow, and overall design

* Typically conducted with 20-50 participants representing the target population

 Cognitive interviewing assesses respondents' thought processes while answering survey questions
* Involves asking participants to "think aloud" as they complete the survey

» Reveals misunderstandings, ambiguities, or difficulties in interpreting questions

* Field testing simulates actual survey conditions to evaluate the entire data collection process

* Includes testing survey administration methods, data entry procedures, and analysis techniques

* Helps identify logistical issues and refine survey protocols

Gathering Feedback and Improving Response Rates

* Debriefing sessions conducted with pilot study participants after survey completion

» Gather detailed feedback on survey experience, question clarity, and overall impressions

* Provides insights for improving survey design and respondent engagement

» Response rates measured during pilot testing to gauge survey effectiveness

* Calculated as the number of completed surveys divided by the total number of eligible respondents
* Low response rates (below 50%) may indicate issues with survey length, complexity, or incentives
« Strategies to improve response rates include:

+ Shortening survey length

« Simplifying complex questions
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« Offering incentives (gift cards, entry into a prize drawing)
* Personalizing survey invitations

» Sending reminder messages to non-respondents

Questionnaire Analysis

Assessing Question Performance

* Iltem analysis evaluates individual survey questions for effectiveness and relevance
* Examines response distributions, missing data patterns, and item correlations

« Identifies poorly performing questions that may need revision or removal

* Reliability measures the consistency and stability of survey results

* Internal consistency reliability assessed using Cronbach's alpha coefficient

* Values range from 0 to 1, with higher values indicating greater reliability

*» Generally, alpha values above 0.7 are considered acceptable

* Test-retest reliability evaluates consistency of responses over time

* Involves administering the same survey to the same group at different time points

* Calculated using correlation coefficients (Pearson's r or Spearman's rho)

Evaluating Survey Validity
« Validity assesses whether the survey measures what it intends to measure
« Content validity ensures the survey covers all relevant aspects of the construct being studied
« Evaluated by subject matter experts reviewing the questionnaire
* Construct validity examines how well the survey aligns with theoretical concepts
+ Assessed through factor analysis or comparison with established measures
» Criterion validity compares survey results to external benchmarks or outcomes
« Concurrent validity compares survey results to current measures

* Predictive validity evaluates how well survey results predict future outcomes

Questionnaire Design

Crafting Effective Questions

* Question wording significantly impacts respondent understanding and data quality
» Use clear, concise language avoiding jargon or technical terms

* Avoid double-barreled questions that ask about multiple concepts simultaneously
* Ensure questions are neutral and unbiased to prevent leading respondents

* Response options should be exhaustive, mutually exclusive, and balanced
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* Provide appropriate scales for different question types (Likert scales, semantic differential scales)
* Include "Don't know" or "Not applicable" options when appropriate

+ Use consistent response formats throughout the survey to reduce cognitive burden

Optimizing Survey Structure

* Survey flow arranges questions in a logical and engaging sequence

« Start with easy, non-threatening questions to build rapport

* Group related questions together to maintain context and reduce cognitive load

* Place demographic questions at the end to avoid respondent fatigue on crucial items

* Skip patterns direct respondents to relevant questions based on previous answers

* Improve survey efficiency by avoiding irrelevant questions

+ Implemented through branching logic in online surveys or clear instructions in paper surveys

* Survey length impacts response rates and data quality

» Aim for completion times of 10-15 minutes for general population surveys

* Longer surveys (20-30 minutes) may be acceptable for specialized or highly motivated populations

* Break long surveys into multiple shorter sessions to reduce respondent burden

Questionnaire Refinement

Iterative Improvement Process

+ Questionnaire revision involves making changes based on pilot testing and analysis results
» Reword confusing or ambiguous questions identified during cognitive interviews

* Adjust response options to better capture the full range of possible answers

» Reorganize question order to improve survey flow and reduce respondent fatigue

* Iltem analysis guides refinement by identifying problematic questions

* Remove or revise items with low response variability or high missing data rates

* Adjust questions with unexpected response patterns or outliers

» Combine or split questions to improve measurement precision

Enhancing Survey Quality
+ Reliability improvements focus on increasing measurement consistency
» Add multiple items to measure complex constructs, improving internal consistency
« Standardize administration procedures to enhance test-retest reliability
* Provide clear instructions and definitions to reduce measurement error

+ Validity enhancements ensure the survey accurately measures intended constructs
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* Align questions more closely with theoretical frameworks to improve construct validity

» Add or revise items to cover all relevant aspects of the topic, enhancing content validity

* Incorporate validated scales from previous research to improve criterion validity

* lterative testing and refinement continue until desired levels of reliability and validity are achieved
» Conduct multiple rounds of pilot testing with revised versions of the questionnaire

» Reassess psychometric properties after each round of revisions

+ Balance the need for improvement with practical constraints (time, resources, respondent burden)
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Unit 8 — Sampling and Nonsampling
Errors

8.1 Sources of sampling errors

Sampling errors can make or break your survey results. Random sampling variation, selection bias, and
measurement error are the big three culprits that can skew your data. Understanding these sources helps
you design better surveys and interpret results more accurately.

Don't panic - there are ways to fight back against sampling errors. Increasing sample size, improving
questionnaires, and training interviewers are just a few strategies. By tackling these issues head-on, you'll
get more reliable data and stronger conclusions from your surveys.

Sampling Error

Random Sampling Variation
* Random sampling error occurs due to chance fluctuations in sample selection
» Sampling variability measures how sample estimates differ across repeated samples
« Confidence interval provides a range of values likely to contain the true population parameter
* Typically expressed as a percentage (95% confidence interval)
» Wider intervals indicate less precise estimates

» Margin of error represents the maximum expected difference between the sample estimate and true
population value

* Often reported in survey results (+3%)

* Calculated as the product of the standard error and critical value

« Standard error quantifies the variability of sample estimates

* Calculated as the standard deviation divided by the square root of sample size

* Decreases as sample size increases, improving estimate precision

Factors Affecting Sampling Error

» Sample size influences the magnitude of sampling error

* Larger samples generally lead to smaller sampling errors

+ Diminishing returns in error reduction as sample size increases

* Population variability impacts sampling error

* More heterogeneous populations result in larger sampling errors

« Stratification can help reduce sampling error in diverse populations

» Sampling design affects the level of sampling error
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« Simple random sampling often produces higher sampling errors than stratified sampling

+ Cluster sampling may increase sampling error compared to other methods

Selection Bias

Sources of Selection Bias

+ Selection bias occurs when the sample does not accurately represent the target population
» Sampling frame deficiencies lead to coverage error

* Incomplete or outdated sampling frames exclude eligible units (voter registration lists)

+ Overcoverage includes ineligible units in the frame (including deceased individuals)

» Nonresponse bias arises when respondents differ systematically from non-respondents

* Unit nonresponse occurs when entire sampling units fail to respond

* Iltem nonresponse happens when respondents skip specific questions

* Volunteer bias emerges when participants self-select into a study

 Can lead to overrepresentation of certain groups or characteristics

* Often occurs in online surveys or public opinion polls

Mitigating Selection Bias
* Improve sampling frame accuracy through regular updates and validation
* Implement strategies to increase response rates
* Multiple contact attempts (follow-up calls, reminder emails)
* Incentives for participation (gift cards, monetary rewards)
» Use weighting and post-stratification techniques to adjust for known biases
« Employ probability sampling methods to reduce volunteer bias

» Conduct nonresponse bias analysis to assess potential impact on results

Measurement Error

Sources of Measurement Error

* Measurement error arises from inaccuracies in data collection or recording
* Questionnaire design flaws contribute to measurement error

* Ambiguous or leading questions can bias responses

» Complex or technical language may confuse respondents

* Interviewer effects introduce bias through verbal or non-verbal cues

* Tone of voice or facial expressions can influence responses

* Inconsistent question delivery across interviewers
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» Respondent factors impact measurement accuracy

« Social desirability bias leads to over-reporting of positive behaviors

* Recall bias affects responses to questions about past events

+ Data entry and processing errors introduce inaccuracies

* Transcription mistakes when transferring data from paper to digital formats

+ Coding errors when categorizing open-ended responses

Strategies to Reduce Measurement Error

* Develop and test standardized survey instruments

* Pilot testing to identify and resolve question issues

« Cognitive interviews to assess respondent comprehension

* Train interviewers thoroughly in standardized techniques

* Practice neutral delivery and consistent probing methods

* Teach strategies for building rapport with respondents

* Implement quality control measures in data processing

* Double data entry to catch transcription errors

» Automated data validation checks to flag inconsistencies

» Consider mode effects when selecting data collection methods
* Online surveys may reduce social desirability bias for sensitive topics

* Telephone interviews can clarify question meaning if needed

8.2 Types of nonsampling errors

Nonsampling errors can sneak into surveys at every stage, from design to analysis. These pesky problems
include coverage gaps, poorly worded questions, and data entry mishaps. They can seriously mess up our
results if we're not careful.

Luckily, we've got ways to fight back. Clear questions, thorough training, and double-checking our work
can help minimize these errors. Understanding these issues is key to getting reliable survey data we can
actually use.

Errors in Survey Design

Coverage and Specification Errors
+ Coverage error occurs when the sampling frame does not accurately represent the target population
* Results in certain groups being over- or under-represented in the sample
+ Can lead to biased estimates and inaccurate conclusions

» Caused by outdated lists, incomplete databases, or exclusion of certain population segments
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« Specification error arises from poorly defined research objectives or survey questions
« Leads to collecting irrelevant data or missing crucial information
« Can result from ambiguous wording, loaded questions, or insufficient response options

* Impacts the validity and reliability of survey results

Frame and Nonresponse Errors

* Frame error happens when the sampling frame contains inaccuracies or duplicates

* Includes over-coverage (inclusion of ineligible units) and under-coverage (omission of eligible units)
+ Can lead to biased sample selection and inaccurate population estimates

+ Often caused by outdated or incomplete sampling frames (voter registration lists)

* Nonresponse error occurs when selected participants fail to respond or provide incomplete
information

* Divided into unit nonresponse (entire survey not completed) and item nonresponse (specific questions
skipped)

« Can introduce bias if nonrespondents differ systematically from respondents

* Mitigation strategies include follow-up attempts, incentives, and weighting adjustments

Errors in Data Collection

Measurement and Interviewer Errors

» Measurement error results from inaccuracies in the data collection process

+ Caused by poorly designed survey instruments, unclear instructions, or inadequate response options
* Can lead to systematic or random errors in the data

 Impacts the reliability and validity of survey results

* Interviewer error stems from the influence of interviewers on respondents' answers

* Includes unintentional errors (misreading questions) and intentional errors (falsifying responses)

« Can introduce bias through tone, body language, or leading questions

* Mitigated through standardized training, monitoring, and quality control measures

Respondent Error and Its Impacts

» Respondent error occurs when participants provide inaccurate or incomplete information
+ Can result from misunderstanding questions, social desirability bias, or recall errors

* Impacts the accuracy and reliability of survey data

* Influenced by question wording, survey length, and respondent fatigue

« Strategies to minimize respondent error include:

+ Clear and concise question design
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* Appropriate survey length and structure
» Use of memory aids or reference materials when necessary

* Pretesting surveys to identify potential sources of confusion
Errors in Data Processing

Data Entry and Coding Errors
« Data entry error occurs during the manual input of survey responses into a database
» Can result in incorrect values, missing data, or duplicated entries
* Mitigated through double data entry, automated data capture systems, and validation checks
 Coding error happens when open-ended responses are incorrectly categorized or classified
 Can lead to misinterpretation of qualitative data and skewed analysis

» Minimized through clear coding guidelines, inter-coder reliability checks, and automated coding
systems

Adjustment and Analysis Errors

* Adjustment error arises from incorrect application of weighting or imputation techniques

» Can lead to biased estimates and incorrect population inferences

+ Occurs when improper methods are used to account for nonresponse or sampling design

+ Mitigated through careful selection and validation of adjustment procedures

* Analysis error results from inappropriate statistical techniques or misinterpretation of results
* Includes errors in hypothesis testing, model specification, or data visualization

+ Can lead to incorrect conclusions and flawed decision-making

* Prevented through rigorous statistical training, peer review, and use of appropriate analytical tools

8.3 Measurement and control of errors

Measuring and controlling errors is crucial in sampling surveys. It involves understanding sampling and
nonsampling errors, their sources, and impacts on survey results. Statisticians use various metrics and
techniques to quantify, minimize, and adjust for these errors.

Error control strategies include implementing quality assurance programs, enhancing questionnaire
design, and improving sampling methods. Statisticians also apply statistical adjustments and estimation
techniques to reduce bias and increase precision in survey estimates. These efforts aim to produce more
accurate and reliable survey results.

Sampling and Nonsampling Errors

Understanding Sampling Error and Bias

» Sampling error occurs when a sample does not accurately represent the population
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* Results from random fluctuations in the selection process

» Decreases as sample size increases

+ Calculated using the standard error formula: SE= %n

* Bias introduces systematic deviations from the true population value
 Can result from flawed sampling methods or questionnaire design

* Persists regardless of sample size

» Types include selection bias, response bias, and interviewer bias

* Precision measures the consistency of results across repeated samples
* Reflected in the spread of estimates around the central tendency

* Improved by increasing sample size and using stratified sampling

Nonsampling Errors and Accuracy

» Nonsampling errors arise from factors unrelated to sample selection

* Include data collection, processing, and analysis errors

» Can occur in both sample surveys and censuses

* Accuracy represents the closeness of estimates to the true population value
» Combines the effects of both bias and precision

« Measured by mean squared error: MSE = Bias? + Variance

* Total survey error encompasses both sampling and nonsampling errors

* Provides a comprehensive measure of survey quality

* Helps in allocating resources for error reduction efforts

Error Metrics

Standard Error and Its Applications

« Standard error quantifies the variability of sample estimates

* Calculated as the standard deviation of the sampling distribution

+ Decreases with larger sample sizes, following the formula: SE= %n

« Used to construct confidence intervals for population parameters

+ 95% confidence interval: Estimate = 1.96 x SE

* Enables hypothesis testing and significance assessments

* Facilitates comparisons between sample estimates and population values

* Helps determine if observed differences are statistically significant
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Margin of Error and Interpretation

» Margin of error represents the range of values above and below the sample estimate
* Typically reported for a 95% confidence level

e Calculated as: MOE = 1.96 X SE

* Provides a measure of the precision of survey results

» Smaller margin of error indicates more precise estimates

« Often reported in public opinion polls and election surveys

* Influences sample size determination in survey design

* Desired margin of error helps determine required sample size

* Trade-off between precision and survey costs

Types of Nonsampling Errors

Coverage and Nonresponse Errors

« Coverage error occurs when the sampling frame does not accurately represent the target population
» Undercoverage excludes some population elements (homeless individuals in housing surveys)

» Overcoverage includes elements not in the target population (duplicate listings)

» Can lead to biased estimates if covered and uncovered populations differ

* Nonresponse error results from failure to obtain data from all sampled units

» Unit nonresponse: entire survey unit does not respond

* Iltem nonresponse: specific questions left unanswered

+ Can introduce bias if nonrespondents differ systematically from respondents

« Mitigation strategies include follow-ups, incentives, and weighting adjustments

Measurement and Processing Errors

» Measurement error arises from inaccuracies in data collection

*» Questionnaire design flaws (ambiguous questions, leading prompts)

* Respondent errors (misunderstanding, faulty recall, social desirability bias)
* Interviewer effects (inconsistent administration, unintentional influence)

* Instrument errors in physical measurements (uncalibrated scales)

* Processing error occurs during data handling and analysis

 Data entry mistakes (typographical errors, transposed digits)

+ Coding errors in classifying responses

« Editing errors in data cleaning and validation
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» Computational errors in statistical analysis

+ Can be reduced through double entry, automated checks, and rigorous quality control

Error Control and Reduction

Quality Control Measures

* Implement comprehensive quality assurance programs

* Develop detailed survey protocols and training manuals

» Conduct thorough training for interviewers and data processors
« Perform regular audits and spot checks during data collection
« Utilize statistical process control techniques

* Monitor key quality indicators throughout the survey process

* Employ control charts to detect and address systematic errors
» Conduct parallel independent processing to verify results

* Implement robust data validation procedures

* Use range checks to identify implausible values

* Perform consistency checks to detect logical contradictions

* Apply edit rules to flag and resolve data discrepancies

Error Reduction Techniques

* Enhance questionnaire design and testing

» Conduct cognitive interviews to identify potential misinterpretations
* Perform pilot studies to assess question performance

* Use standardized question formats and response scales when appropriate
* Improve sampling methods and frame quality

» Employ probability sampling techniques to minimize selection bias
* Regularly update and maintain sampling frames

« Use stratification and clustering to improve precision

* Implement nonresponse reduction strategies

* Employ mixed-mode data collection (online, phone, mail)

« Offer incentives to encourage participation

 Conduct thorough follow-up procedures for nonrespondents

* Apply statistical adjustments and estimation techniques

» Use weighting and imputation methods to address nonresponse
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* Employ small area estimation for improved local-level estimates

« Utilize composite estimators to combine information from multiple sources

8.4 Impact of errors on survey results

Surveys can be tricky, with all sorts of errors messing up the results. From sampling mistakes to biased
questions, there's a lot that can go wrong. Understanding these errors is key to getting accurate data.

This section breaks down the different types of errors, how they impact surveys, and ways to minimize
them. We'll look at confidence intervals, margins of error, and strategies for dealing with nonsampling
issues.

Sampling and Nonsampling Errors

Types of Survey Errors

» Sampling error occurs when a sample does not perfectly represent the population, resulting from
random variation in selection

* Nonsampling error encompasses all other sources of inaccuracy in survey results not attributed to
sampling

* Bias refers to systematic deviations from true population values, often caused by flaws in survey
design or execution

* Precision measures the consistency or reproducibility of survey results, indicated by the spread of
estimates around the mean

* Accuracy reflects how close survey estimates are to the true population values, combining both bias
and precision

* Total survey error represents the cumulative impact of all errors in a survey, including sampling and
nonsampling errors

Characteristics of Survey Errors

o

- Sampling error decreases as sample size increases, following the principle of Standard Error = =

* Nonsampling errors can persist or even increase with larger sample sizes, making them particularly
challenging to address

* Bias can be positive (overestimation) or negative (underestimation) and may result from various
factors (question wording, interviewer influence)

* Precision improves with larger sample sizes and more consistent measurement techniques
 Accuracy depends on both minimizing bias and maximizing precision in survey design and execution

« Total survey error provides a comprehensive measure of survey quality, guiding researchers in
allocating resources for error reduction

Impact on Survey Results

« Sampling error affects the reliability of point estimates and the width of confidence intervals
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* Nonsampling errors can lead to incorrect conclusions about population parameters, even with large
sample sizes

* Bias distorts survey results systematically, potentially leading to misguided policy decisions or
incorrect research findings

* Precision influences the reproducibility of survey results and the ability to detect small differences
between groups

+ Accuracy determines how well survey estimates reflect true population values, crucial for informed
decision-making

* Total survey error helps researchers balance different sources of error and optimize survey design
within resource constraints

Confidence Intervals and Margins of Error

Understanding Confidence Intervals

 Confidence interval provides a range of values likely to contain the true population parameter

+ Calculated using the point estimate, standard error, and desired confidence level (95% confidence
interval)

« Interpretation involves probability statements about the interval containing the true parameter (95% of
similarly constructed intervals would contain the true value)

» Width of the interval indicates the precision of the estimate, with narrower intervals suggesting greater
precision

* Factors affecting confidence interval width include sample size, population variability, and chosen
confidence level

Calculating and Interpreting Margins of Error

» Margin of error represents the maximum likely difference between the sample estimate and the true
population value

* Calculated as the product of the critical value (z-score or t-score) and the standard error of the
estimate

« For a 95% confidence interval, the margin of error equals approximately 1.96 X Standard Error
* Reported alongside point estimates to indicate the level of uncertainty in survey results (50% * 3%)

« Smaller margins of error indicate more precise estimates, often achieved through larger sample sizes
or improved sampling techniques

Sources of Nonsampling Errors

Response and Coverage Errors

» Response error occurs when respondents provide inaccurate or incomplete information
(misunderstanding questions, social desirability bias)

* Nonresponse bias results from systematic differences between respondents and non-respondents,
potentially skewing results
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» Coverage error arises when the sampling frame does not accurately represent the target population
(outdated phone directories)

» Undercoverage leads to exclusion of certain population segments, while overcoverage includes
ineligible units in the sample

« Strategies to mitigate these errors include careful questionnaire design, multiple contact attempts, and
use of mixed-mode surveys

Measurement and Processing Errors

» Measurement error stems from inaccuracies in the data collection process (poorly worded questions,
interviewer bias)

« Validity refers to the extent to which survey questions measure the intended concepts or constructs

+ Reliability concerns the consistency of measurements across repeated administrations or different
raters

* Processing error occurs during data handling and analysis (coding errors, data entry mistakes)

+ Quality control measures such as double data entry, automated validation checks, and thorough
training of survey staff help reduce these errors
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Unit 9 — Sample Size Determination

9.1 Factors affecting sample size

Sample size determination is crucial for survey accuracy. Factors like precision, confidence level, and
population variability affect how many people we need to survey. Getting it right means balancing statistical
power with practical constraints.

Understanding these factors helps researchers design better studies. By considering things like response
rates and sampling methods, we can make sure our results are reliable and meaningful. It's all about
finding the sweet spot between accuracy and feasibility.

Precision and Accuracy

Understanding Margin of Error and Confidence Level

» Margin of error measures the maximum expected difference between the true population parameter
and the sample estimate

» Expressed as a percentage, typically ranges from 1% to 10% in most surveys
» Smaller margin of error requires larger sample size to achieve greater precision

 Confidence level represents the probability that the true population parameter falls within the
confidence interval

» Common confidence levels include 90%, 95%, and 99%

* Higher confidence level necessitates larger sample size to maintain the same margin of error
+ Relationship between margin of error and confidence level affects sample size determination
» Narrower margin of error or higher confidence level increases required sample size

» Wider margin of error or lower confidence level decreases required sample size

Precision and Error Types in Statistical Analysis

* Precision refers to the closeness of repeated measurements to each other

* Measured by standard error, which decreases as sample size increases

* Increased precision leads to more reliable estimates and narrower confidence intervals
* Type | error occurs when rejecting a true null hypothesis (false positive)

* Probability of Type | error denoted by alpha (a), typically set at 0.05 or 0.01

* Type Il error happens when failing to reject a false null hypothesis (false negative)

* Probability of Type Il error represented by beta (B)

* Relationship between Type | and Type Il errors influences sample size determination

* Lowering the risk of Type | error (smaller a) increases required sample size

* Reducing the risk of Type Il error (smaller B) also increases required sample size
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Population Characteristics

Population Variability and Effect Size
* Population variability measures the spread or dispersion of values in the population
« Higher variability requires larger sample size to achieve desired precision
» Commonly measured using standard deviation or variance
« Effect size quantifies the magnitude of the relationship or difference between groups
» Expressed in various ways (Cohen's d, Pearson's r, odds ratio)
« Larger effect sizes can be detected with smaller sample sizes
» Smaller effect sizes require larger sample sizes to maintain statistical power
» Researchers estimate effect size based on previous studies or pilot data
* Population variability and effect size together influence sample size calculations
 More variable populations with smaller effect sizes require larger samples

* Less variable populations with larger effect sizes allow for smaller samples

Response Rate Considerations

» Expected response rate affects the initial sample size determination

* Calculated as the number of completed surveys divided by the number of eligible respondents
+ Lower response rates require larger initial sample sizes to achieve desired final sample size

* Factors influencing response rates include survey mode, topic salience, and incentives

« Strategies to improve response rates

* Multiple contact attempts (pre-notification, reminders)

* Mixed-mode surveys (combining online, phone, and mail methods)

« Offering incentives (monetary or non-monetary)

» Researchers often overestimate initial sample size to account for non-response

* Non-response bias can occur if non-respondents differ systematically from respondents

» Addressing non-response bias through weighting or imputation techniques

Study Design

Statistical Power and Resource Constraints
« Statistical power represents the probability of detecting a true effect when it exists
* Typically set at 80% or higher in most studies
* Influenced by sample size, effect size, significance level, and variability

« Larger sample sizes increase statistical power, improving the ability to detect effects
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* Power analysis helps determine the minimum sample size needed to achieve desired power
* Resource constraints limit the maximum achievable sample size

* Budget limitations affect the number of participants that can be recruited or surveyed

* Time constraints may restrict the duration of data collection

* Personnel availability influences the capacity for data collection and analysis

« Balancing statistical power and resource constraints

* Prioritizing key research questions when resources are limited

 Considering multi-stage or adaptive sampling designs to optimize resource use

Sampling Design Considerations

» Sampling design influences the required sample size and overall study efficiency
« Simple random sampling often requires larger sample sizes compared to other methods
« Stratified sampling can reduce required sample size by improving precision

* Dividing the population into homogeneous subgroups (strata)

* Allocating sample sizes to strata proportionally or optimally

« Cluster sampling may increase required sample size due to design effect

+ Design effect measures the efficiency loss compared to simple random sampling
* Intraclass correlation within clusters affects the design effect

* Multi-stage sampling combines multiple sampling methods

+ Can balance precision and cost-effectiveness in complex populations

» May require larger overall sample sizes to account for each sampling stage

* Considering practical aspects of sampling design

* Accessibility of sampling units

+ Availability of sampling frames

* Logistical challenges in data collection

9.2 Sample size calculation methods

Sample size calculation is crucial for accurate survey results. It balances confidence levels, margins of
error, and population parameters to determine how many people to survey. Getting the right sample size
ensures your findings are reliable and representative.

Advanced techniques like power analysis and precision optimization fine-tune sample sizes. These
methods consider effect sizes, statistical power, and resource constraints to maximize the efficiency and
effectiveness of your survey design.
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Sample Size Basics

Confidence Level and Margin of Error

» Confidence level measures certainty of results falling within a specified range

« Common confidence levels include 90%, 95%, and 99%

« Higher confidence levels require larger sample sizes

* Margin of error represents the range of values above and below the sample statistic
» Smaller margin of error increases precision but requires larger sample size

+ Relationship between confidence level and margin of error affects sample size determination

Population Parameters and Sample Size Formula

+ Population size influences sample size calculation for small populations

« Standard deviation measures variability within the population

« Estimated standard deviation used when population standard deviation unknown

» Sample size formula incorporates confidence level, margin of error, and population parameters

i ; = Z%*a?
* Basic sample size formula: N = =

* n: sample size

« Z: Z-score based on confidence level
* 0: population standard deviation

* E: margin of error

w72 5k 2
* Adjusted formula for finite populations: N = (N_MW

* N: population size
Statistical Considerations

Effect Size and Power Analysis

« Effect size quantifies the magnitude of the relationship between variables

» Common effect size measures include Cohen's d, Pearson's r, and odds ratio

» Power analysis determines the sample size needed to detect a specific effect

« Statistical power represents the probability of correctly rejecting a false null hypothesis
» Conventional power levels range from 0.80 to 0.95

» Power analysis considers effect size, significance level, and desired power

» G*Power and R provide tools for conducting power analysis
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Critical Values and Error Types

 Z-score represents the number of standard deviations from the mean

« Z-scores correspond to specific confidence levels (1.96 for 95% confidence)

» T-statistic used for smaller sample sizes or when population standard deviation unknown
* Type | error (a) occurs when rejecting a true null hypothesis

« Significance level (a) typically set at 0.05 or 0.01

* Type Il error (B) occurs when failing to reject a false null hypothesis

* Relationship between Type | and Type Il errors influences sample size determination

Advanced Techniques

Precision and Sample Size Optimization

* Precision refers to the closeness of sample estimates to the true population parameter
* Increased precision requires larger sample sizes

* Trade-off between precision and cost/time constraints

» Optimal sample size balances precision, confidence, and resource limitations

* lterative process to determine optimal sample size based on study objectives

.. . . — 22 *02
* Precision-based sample size calculation: 17 = =3

« d: desired level of precision

Finite Population Correction and Sampling Fraction

* Finite population correction (FPC) adjusts sample size for small populations

. <y N=
FPC factor: \/ =1

+ Applies when sampling fraction (n/N) exceeds 5-10% of the population
» Reduces required sample size for finite populations
» Sampling fraction influences representativeness of the sample

« Stratified sampling techniques may require different sampling fractions for each stratum

9.3 Power analysis in sampling

Power analysis is a crucial tool in sampling surveys, helping researchers determine the optimal sample
size for their studies. It balances the need for statistical accuracy with practical constraints, ensuring
studies have enough power to detect meaningful effects.

By considering factors like effect size, significance level, and desired power, researchers can make
informed decisions about sample size. This process helps minimize errors and maximize the chances of
drawing valid conclusions from survey data.
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Power and Errors

Understanding Statistical Power and Error Types

« Statistical power measures the probability of correctly rejecting a false null hypothesis
* Increases with larger sample sizes, larger effect sizes, and higher significance levels
* Type | error occurs when rejecting a true null hypothesis (false positive)

* Probability of Type | error equals the significance level (alpha)

* Type Il error happens when failing to reject a false null hypothesis (false negative)

* Probability of Type Il error represented by beta

* Beta inversely relates to statistical power (Power = 1 - Beta)

« Significance level (alpha) typically set at 0.05 or 0.01

* Represents the acceptable probability of making a Type | error

« Influences the critical value for hypothesis testing

Balancing Power and Errors in Research Design

* Increasing sample size improves both power and reduces Type |l error rate

* Lowering significance level (alpha) reduces Type | error but increases Type Il error

* Researchers aim to balance Type | and Type |l errors based on study objectives

» Power analysis helps determine optimal sample size for desired error rates

» Conventional power level often set at 0.80, indicating an 80% chance of detecting a true effect

* Trade-offs between power, sample size, and effect size guide study design decisions

Effect Size and Sample Size

Quantifying Effect Size in Research

« Effect size measures the magnitude of a phenomenon or relationship

» Cohen's d calculates standardized mean difference between two groups

» Small effect: d = 0.2

* Medium effect: d = 0.5

* Large effect: d = 0.8

« Other effect size measures include correlation coefficient (r) and odds ratio
« Effect size estimation crucial for determining required sample size

» Minimum detectable effect represents smallest effect size that can be reliably detected
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Sample Size Determination and Power Curves

» Sample size calculation considers desired power, significance level, and effect size
« Larger sample sizes increase statistical power and precision of estimates

» Power curve visualizes relationship between sample size and statistical power

» X-axis represents sample size, Y-axis represents power

« Steep initial increase, then levels off as sample size grows

» Sample size calculation formulas vary based on study design and statistical test

_ 2(Zapz + Z)°0?

N Az

(for comparing two means)
+ Balancing statistical power with practical constraints (cost, time, resources)

Types of Power Analysis

A Priori and Post Hoc Power Analysis

+ A priori power analysis conducted before study to determine required sample size
* Inputs include desired power, significance level, and expected effect size

* Helps researchers plan resource allocation and study design

* Post hoc power analysis performed after study completion

+ Calculates achieved power based on observed effect size and sample size

* Useful for interpreting non-significant results and planning future studies

* Both types of analysis inform research design and interpretation

Power Analysis Tools and Considerations

* Power analysis software simplifies calculations and visualizations

* G*Power, R (pwr package), and SAS offer user-friendly interfaces

» Monte Carlo simulations provide power estimates for complex study designs
* Sensitivity analysis explores impact of varying input parameters on power

« Consider practical significance alongside statistical significance

+ Account for potential attrition or missing data when determining sample size

* Regularly update power analyses as new information becomes available during study

9.4 Optimal allocation of resources

Optimal allocation of resources is crucial for efficient sampling. It involves strategically distributing samples
across strata to minimize variance and maximize precision. This process considers factors like population
size, variability, and cost constraints to make the most of limited resources.
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Understanding optimal allocation helps researchers design more effective surveys. By balancing precision
and cost, surveyors can gather high-quality data while staying within budget. This approach is key to
getting reliable results from sample surveys, a core goal in determining appropriate sample sizes.

Allocation Methods

Neyman and Proportional Allocation

* Neyman allocation optimizes sample sizes across strata to minimize overall variance
* Allocates more samples to strata with higher variability or larger sizes
* Requires knowledge of stratum variances and population sizes

— pn_NnSh
. -hp=n
Formula: "'h SNoSh

* Nh: sample size for stratum h

N population size of stratum h

+ Sp: standard deviation of stratum h

* Proportional allocation distributes samples proportionally to stratum sizes
« Simpler approach when stratum variances are unknown or similar

» Maintains population proportions in the sample

« Formula: N = n%

« N: total population size

* Both methods improve precision compared to simple random sampling

Stratified Sampling and Sampling Weights
« Stratified sampling divides the population into homogeneous subgroups before sampling
» Enhances representativeness and precision of estimates
* Allows for separate analysis of subgroups
» Can be combined with various allocation methods (Neyman, proportional)
» Sampling weights adjust for unequal selection probabilities in complex surveys
* Inverse of selection probability for each unit
* Formula: W; = %
 Wi: weight for unit i
« T selection probability for unit i
» Enables unbiased population estimates from non-proportional samples

* Applied during data analysis to correct for over- or under-representation
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Optimization Constraints

Cost and Variance Considerations

* Cost constraints limit the total resources available for sampling
* Includes monetary costs, time, and personnel
» May vary across strata or sampling units

* Formula:

H
Z chhp =C
h=

* Ch: cost per unit in stratum h
- C: total available budget
+ Variance minimization aims to reduce the variability of estimates
* Crucial for improving precision and reliability of results
+ Often balanced against cost constraints
* Objective function:
R H
minV(Y) = 3 Lg2
h=1
Precision and Population Adjustments
* Precision requirements specify the desired level of accuracy
+ Often expressed as maximum allowable margin of error
* Influences sample size determination

— 2%0°
=29

e Formula: n

* Z: z-score for desired confidence level

« g2: population variance

« E: maximum allowable error

* Finite population correction adjusts for sampling from small populations

* Reduces required sample size when sampling fraction is large

* Formula: FPC = / N=2

* Applied to standard error calculations

Resource Optimization

* Resource optimization balances multiple constraints and objectives

+ Seeks to maximize information gained within given limitations
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* May involve trade-offs between cost, precision, and coverage
+ Can use linear programming or other optimization techniques

+ Considers factors like stratification, cluster sampling, and multi-stage designs
Sample Size Determination

Statistical Power and Effect Size

» Power analysis determines the sample size needed to detect a specified effect
» Power: probability of correctly rejecting a false null hypothesis (typically 0.80)

* Involves specifying Type | error rate (a), effect size, and desired power

2(z4 + 2p)%0?
— 2

* Formula: n =
« Za: z-score for Type | error rate

« Z8: z-score for Type Il error rate (1 - power)

« A: minimum detectable effect size

« Effect size quantifies the magnitude of the relationship or difference of interest
* Varies by type of analysis (Cohen's d, correlation coefficient, odds ratio)

» Smaller effect sizes require larger sample sizes to detect

» Can be estimated from previous studies or pilot data

Precision and Confidence Considerations

» Margin of error represents the range around the estimate within which the true population parameter
likely falls

* Typically expressed as a percentage or absolute value

» Smaller margin of error requires larger sample size
» Formula: E = zv/ 2LL=P) (for proportions)

 Confidence level indicates the probability that the true parameter falls within the confidence interval
» Common levels include 95% and 99%
+ Higher confidence levels require larger sample sizes
+ Corresponds to z-score in sample size calculations (1.96 for 95% confidence)
Sample Size Calculation
» Sample size formula varies depending on the type of study and parameter of interest

. . . 242
+ For estimating a population mean: n = 25

2 p—
« For estimating a population proportion: n = Z p(,:}2 p)
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. 2(ze + 25)%0?
» For comparing two means: h = %

* Factors influencing sample size include

* Desired precision (margin of error)

+ Confidence level

* Population variability

» Expected response rate

« Study design (simple random sampling, stratified, cluster)

* lterative process may be necessary to balance constraints and objectives

« Start with initial estimate and adjust based on feasibility and resource limitations
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Unit 10 — Data Collection Methods

10.1 Face-to-face interviews

Face-to-face interviews are a crucial data collection method in sampling surveys. They offer rich, detailed
information through direct interaction with respondents. This method allows for nuanced communication,
including nonverbal cues, and the ability to clarify questions and probe for deeper insights.

The success of face-to-face interviews hinges on careful planning and execution. From choosing the right
interview format to mastering communication techniques, interviewers must navigate potential biases,
ethical considerations, and environmental factors to gather high-quality data.

Interview Structure

Types of Interview Formats

« Structured interviews follow a predetermined set of questions asked in a specific order
* Ensures consistency across all interviews

* Facilitates easier data analysis and comparison

« Limits flexibility to explore unexpected topics

» Semi-structured interviews combine predetermined questions with the ability to ask follow-up queries
* Allows for a balance between consistency and flexibility

» Enables interviewers to delve deeper into specific areas of interest

* Requires skilled interviewers to maintain focus while exploring relevant tangents

+ Unstructured interviews lack a formal question set, resembling a guided conversation
« Offers maximum flexibility to explore topics as they arise

* Produces rich, detailed data but can be challenging to analyze systematically

* Relies heavily on interviewer skill to guide the discussion effectively

Interviewing Techniques and Skills
* Probing techniques encourage respondents to provide more detailed or clarified answers
« Silent probe involves pausing to allow the respondent to elaborate
 Echo probe repeats the respondent's last words to prompt further explanation
* Neutral probes use phrases like "Can you tell me more about that?" to elicit additional information
* Specific probes ask for concrete details or examples to support general statements
* Active listening skills enhance the quality of information gathered
* Involves fully concentrating on the respondent's words and body language

* Requires paraphrasing and summarizing to confirm understanding
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* Helps build rapport and encourages more open communication

* Question sequencing affects the flow and depth of the interview

« Start with easy, non-threatening questions to build comfort

* Progress to more complex or sensitive topics as rapport develops

* End with wrap-up questions to summarize key points and allow for final thoughts

Bias and Communication

Sources and Types of Bias

« Interviewer bias occurs when the interviewer's characteristics, behavior, or expectations influence
responses

» Demographic characteristics (age, gender, race) can affect respondent comfort and openness

* Tone of voice, facial expressions, or body language may inadvertently signal approval or disapproval
* Preconceived notions about respondents can lead to selective listening or interpretation

* Response bias results from factors that lead respondents to answer inaccurately or untruthfully

« Social desirability bias causes respondents to give answers they believe are more socially acceptable
» Acquiescence bias leads respondents to agree with statements regardless of their true beliefs

* Recall bias occurs when respondents have difficulty accurately remembering past events or feelings

» Extreme responding involves consistently choosing the most extreme response options

Effective Communication Strategies

* Nonverbal communication plays a crucial role in face-to-face interviews

* Eye contact demonstrates attentiveness and builds trust (varies culturally)

» Posture and body orientation signal engagement and openness

* Facial expressions can convey empathy and understanding

» Gestures can emphasize points or invite elaboration

» Rapport building creates a comfortable environment for honest and open responses
» Begin with small talk to establish a connection

» Show genuine interest in the respondent's experiences and opinions

 Use appropriate humor to lighten the mood when suitable

* Maintain a non-judgmental attitude throughout the interview

+ Clear and concise question formulation enhances understanding and response quality
* Avoid double-barreled questions that ask about two concepts simultaneously

* Use simple language and define technical terms when necessary
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* Frame questions neutrally to avoid leading the respondent

Ethics and Environment

Ethical Considerations in Interviewing

+ Confidentiality protects respondents' privacy and encourages honest responses

+ Explain how personal information and responses will be safeguarded

» Use anonymization techniques when reporting results (pseudonyms, data aggregation)
 Secure storage of interview data (encrypted files, locked cabinets for physical documents)
* Informed consent ensures respondents understand the nature and implications of their participation
* Provide clear information about the study's purpose, procedures, and potential risks

« Explain the voluntary nature of participation and the right to withdraw at any time

* Obtain written or recorded consent before beginning the interview

« Cultural sensitivity respects diverse backgrounds and perspectives

* Research and acknowledge cultural norms and taboos relevant to the interview topic

» Adapt language and communication styles to suit the respondent's cultural context

* Be aware of power dynamics that may influence the interview process

Interview Setting and Documentation

* Interview setting significantly impacts the quality and comfort of the interaction
» Choose a quiet location free from distractions and interruptions

* Ensure privacy to discuss sensitive topics without fear of being overheard

* Consider the symbolism of the location (neutral vs. authority-laden spaces)

+ Recording responses accurately preserves the data for analysis

» Audio recording captures verbal responses and tone but requires consent

* Note-taking during the interview can capture key points and nonverbal cues

* Transcription after the interview provides a verbatim record for detailed analysis
« Post-interview procedures maintain data integrity and respect for participants
« Offer a debriefing to address any concerns or questions from the respondent
* Provide contact information for follow-up or withdrawal from the study

* Begin data processing promptly to ensure accuracy and freshness of recollections

10.2 Telephone and online surveys

Telephone and online surveys have revolutionized data collection methods. These approaches offer
cost-effective ways to reach large, diverse populations quickly. They leverage technology to streamline the
survey process, from questionnaire design to data analysis.
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However, these methods come with challenges. Declining response rates, coverage issues, and mode
effects can impact data quality. Researchers must carefully consider survey design, sampling strategies,
and potential biases to ensure reliable results.

Telephone Survey Methods

Computer-Assisted Survey Technologies

» Computer-Assisted Telephone Interviewing (CATI) utilizes specialized software to guide interviewers
through questionnaires

» CATI systems automatically manage call scheduling, sample management, and data entry

* Interactive Voice Response (IVR) employs pre-recorded voice prompts to collect responses without
human interviewers

* IVR systems can handle high call volumes and operate 24/7, reducing labor costs

» Both CATI and IVR improve data quality by reducing interviewer errors and standardizing question
delivery

Response Rates and Bias

» Response rates for telephone surveys have declined in recent decades due to caller ID, cell phones,
and survey fatigue

» Typical response rates range from 10-30% for general population telephone surveys
» Nonresponse bias occurs when respondents differ systematically from non-respondents
« Strategies to mitigate nonresponse bias include callbacks, incentives, and weighting adjustments

» Survey mode effects refer to differences in responses based on how the survey is administered
(phone vs. in-person)

* Phone surveys may produce more socially desirable responses on sensitive topics

* Visual aids cannot be used in phone surveys, limiting question complexity

Telephone Survey Best Practices

* Train interviewers thoroughly on proper techniques and survey protocols

» Develop clear introductory scripts to explain the survey purpose and importance

» Schedule calls during evenings and weekends to reach working respondents

« Utilize answering machine messages and callback appointments to increase participation

* Monitor call outcomes and adjust sampling as needed to meet quotas and reduce bias
Online Survey Methods
Web-Based Survey Platforms

» Web-based surveys utilize online platforms to collect responses through desktop or mobile browsers

+ Popular web survey tools include Qualtrics, SurveyMonkey, and Google Forms
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* Features of web surveys include skip logic, randomization, and multimedia question types
» Mobile-optimized surveys adapt to smartphone screens for on-the-go completion

* Email surveys distribute invitations and reminders to potential respondents

* Can include unique survey links to track individual responses

* Subject lines and email content crucial for encouraging participation

Self-Administered Questionnaires

+ Online surveys are typically self-administered, allowing respondents to complete at their own pace
* Benefits of self-administration include reduced social desirability bias and lower costs

* Challenges include potential misinterpretation of questions without interviewer clarification

+ Data quality in online surveys can be improved through:

« Attention checks to identify inattentive respondents

* Response validation to catch impossible or illogical answers

* Progress indicators to reduce survey abandonment

* Mobile-friendly design to accommodate various devices

Online Survey Distribution and Sampling

+ Online panel providers offer access to pre-recruited respondents for faster data collection
* River sampling recruits respondents through website intercepts or online advertisements
* Social media platforms can be used to target specific demographics or interest groups

» Quota sampling ensures representation across key demographic variables

* Probability-based online panels maintain scientific sampling principles for population inference

Survey Design Considerations

Mixed-Mode Survey Strategies

» Mixed-mode surveys combine multiple data collection methods to improve coverage and response
rates

« Common combinations include web + mail, phone + web, or in-person + web
+ Benefits of mixed-mode designs:

* Increased response rates by offering multiple participation options

* Reduced coverage error by reaching different population segments

« Cost savings by using cheaper modes for initial contact or follow-up

* Challenges of mixed-mode surveys:

* Mode effects may introduce measurement differences across modes
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* Increased complexity in data collection and analysis

* Need for mode-specific question design and testing

Coverage and Logistics
» Coverage error occurs when the sampling frame excludes portions of the target population
* Phone surveys may miss cell-phone-only households or those without landlines
* Online surveys may underrepresent elderly or low-income populations with limited internet access
« Strategies to address coverage error:
» Use multiple sampling frames (landline + cell phone lists)
* Employ address-based sampling with multi-mode follow-up
» Weight data to adjust for known coverage gaps
« Survey logistics considerations:
* Timing of survey administration (avoid holidays, consider seasonal effects)
* Length of field period to allow for adequate response accumulation
« Staffing and technology requirements for data collection and processing

» Budget allocation across different survey components (e.g., incentives, programming, analysis)

10.3 Mail surveys and self-administered questionnaires

Mail surveys and self-administered questionnaires are key data collection methods in sampling surveys.
They offer cost-effective ways to gather information from large groups, allowing respondents to complete
surveys at their own pace.

These methods involve careful planning, from designing clear questions to implementing strategies that
boost response rates. Understanding their strengths and limitations helps researchers choose the best
approach for their study goals and target population.

Mail Survey Administration

Components of Mail Surveys
 Mail surveys involve sending questionnaires to respondents through postal services
+ Cover letter accompanies the survey, introducing the study and motivating participation
» Postage-paid return envelope facilitates easy response submission
* Follow-up mailings remind non-respondents and boost participation rates
+ Often include multiple waves of reminders (postcards, additional survey copies)

* Typically sent 1-3 weeks after initial mailing

Response Rates and Cost Considerations

* Response rate measures the percentage of completed surveys returned
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« Calculate by dividing the number of completed surveys by the total number sent
* Typical response rates range from 10-30% for general population surveys

+ Cost-effectiveness balances expenses with data quality and quantity

* Includes printing, postage, and data entry costs

» Compare to other methods (telephone, in-person interviews) for budget decisions

Questionnaire Design

Types of Questions and Scales

« Self-administered questionnaires allow respondents to complete surveys independently
* Closed-ended questions provide pre-determined response options

* Include multiple choice, true/false, or rating scales

* Facilitate easier data analysis and comparison across respondents

» Open-ended questions allow free-form responses

« Capture detailed, qualitative information

* Require more time for analysis and coding

* Likert scale measures attitudes or opinions on a spectrum

* Typically uses 5 or 7 point scales (Strongly Disagree to Strongly Agree)

» Enables quantitative analysis of subjective responses

Questionnaire Structure and Flow

+ Questionnaire design focuses on creating clear, logical, and engaging surveys

* Organize questions from general to specific topics

* Group related questions together for improved comprehension

» Skip patterns direct respondents to relevant questions based on previous answers
* Reduce respondent fatigue by avoiding irrelevant questions

* Improve data quality by ensuring appropriate question sequencing

Data Quality and Ethics
Ensuring Data Integrity

» Anonymity protects respondent identities by not collecting identifying information
* Encourages honest responses on sensitive topics

* Achieved through techniques like random ID numbers or aggregated reporting

+ Confidentiality safeguards respondent information from unauthorized access

* Involves secure data storage and limited access to raw data
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« Communicated to respondents to build trust and encourage participation

Addressing Survey Biases

* Non-response bias occurs when survey participants differ systematically from non-participants
+ Can lead to skewed results that don't represent the target population

« Mitigate through follow-up contacts, incentives, or weighting techniques

* Implement strategies to maximize response rates and minimize bias

* Design visually appealing and easy-to-complete questionnaires

« Offer multiple response modes (mail, online, phone)

» Conduct non-response follow-up studies to assess potential bias

10.4 Mixed-mode data collection strategies

Mixed-mode data collection combines multiple survey methods to gather information from respondents.
This approach offers flexibility and can improve response rates by catering to different preferences and
accessibility needs.

Implementing mixed-mode strategies requires careful consideration of survey design, mode effects, and
cost-effectiveness. By balancing these factors, researchers can optimize data quality and
representativeness while managing resources efficiently.

Survey Design Considerations

Multi-mode Survey Approaches

» Multi-mode surveys combine multiple data collection methods to gather information from respondents

* Unimode design creates a standardized questionnaire suitable for administration across various
modes

* Mode compatibility ensures consistency in question wording and response options across different
survey modes

 Concurrent mixed-mode surveys offer respondents multiple response options simultaneously

» Sequential mixed-mode surveys present different modes in a specific order to maximize response
rates

* Mode sequencing strategically orders survey modes to optimize data collection efficiency and quality

Implementation Strategies

* Tailor survey design to target population characteristics and research objectives
« Consider technological accessibility and preferences of respondents when selecting modes
+ Implement mode-specific question adaptations while maintaining overall consistency

« Utilize concurrent mixed-mode approach for diverse populations with varying preferences (online and
mail surveys)
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* Apply sequential mixed-mode strategy to reduce costs and increase response rates (web survey
followed by telephone follow-up)

» Optimize mode sequencing by starting with cost-effective methods and progressing to more intensive
modes

Data Quality and Bias

Mode Effects and Measurement Error

» Mode effects refer to systematic differences in responses caused by the survey administration method

« Data quality varies across modes due to factors such as social desirability bias and cognitive
processing

» Measurement error occurs when respondents' answers deviate from their true values due to
mode-specific influences

* Minimize mode effects through careful questionnaire design and mode-specific adjustments
» Account for potential differences in data quality when analyzing results from multi-mode surveys

» Conduct mode comparison studies to assess the impact of different survey methods on response
patterns

Sampling and Nonresponse Considerations

» Sampling frame coverage influences the representativeness of survey results across different modes
* Nonresponse bias occurs when survey participants differ systematically from non-participants

» Address sampling frame limitations by combining modes with complementary coverage (landline and
mobile phone surveys)

+ Implement targeted follow-up strategies to reduce nonresponse bias in mixed-mode surveys
+ Analyze response patterns across modes to identify potential sources of bias

» Use weighting techniques to adjust for differences in respondent characteristics across modes

Response Metrics and Costs

Response Rates and Mode Preferences

* Response rates measure the proportion of eligible respondents who complete the survey

» Mode preferences vary among different demographic groups and can impact participation rates
« Calculate mode-specific response rates to evaluate the effectiveness of each survey method

« Identify factors influencing mode preferences (age, education, technological familiarity)

« Offer preferred modes to specific subgroups to increase overall response rates

» Monitor mode switching behavior to understand respondent preferences and survey engagement
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Cost-effectiveness and Efficiency

* Cost-effectiveness compares the expenses associated with different survey modes to their data
quality and response rates

« Evaluate the trade-offs between cost, data quality, and response rates for each survey mode
» Implement mixed-mode strategies to balance cost-effectiveness with data quality objectives
* Analyze the cost per completed survey for each mode to optimize resource allocation

* Consider long-term cost implications of investing in technology for web-based surveys

* Assess the impact of mode choices on data processing and analysis costs
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Unit 11 — Statistical Analysis of Survey
Data

11.1 Descriptive statistics for survey data

Descriptive statistics are essential tools for understanding survey data. They help summarize and interpret
large datasets, revealing key patterns and trends. From measures of central tendency to data visualization
techniques, these methods provide valuable insights into the characteristics of survey responses.

Exploring central tendency, dispersion, and distribution shapes allows researchers to paint a
comprehensive picture of their data. By using various statistical measures and graphical representations,
analysts can effectively communicate findings and make informed decisions based on survey results.

Central Tendency and Dispersion

Measures of Central Tendency

» Mean calculates the average value of a dataset by summing all values and dividing by the number of
observations

» Median identifies the middle value in a sorted dataset, useful for datasets with extreme outliers

* Mode represents the most frequently occurring value in a dataset, particularly useful for categorical
data

* Arithmetic mean computed by adding all values and dividing by the number of observations:

n

2 X

v — [=1
X= n

» Weighted mean assigns different weights to values based on their importance:

» Geometric mean calculated by multiplying all values and taking the nth root:
Xg=Vx1XXx2X ... XXp

Measures of Dispersion
+ Standard deviation measures the average distance between each data point and the mean

* Variance represents the average squared deviation from the mean, calculated as the square of the
standard deviation

* Range determines the difference between the maximum and minimum values in a dataset

* Interquartile range (IQR) measures the spread of the middle 50% of the data

N
2 (x— )2

— i=1
o=\=x—
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« Sample standard deviation formula:

;= %)?

e

1

— I
s= n—1

« Coefficient of variation (CV) expresses standard deviation as a percentage of the mean:
CV=2x100%

Data Visualization

Frequency Distributions and Histograms

* Frequency distributions organize data into categories or intervals, showing how often each value
occurs

* Relative frequency distribution displays the proportion of observations in each category

« Cumulative frequency distribution shows the accumulated frequency up to each category
+ Histograms represent frequency distributions graphically using adjacent rectangles

« Bin width in histograms affects the visual representation of data distribution

- Sturges' rule estimates the number of bins for a histogram: K =1 + 3.322l0og10 (n)

* Frequency polygons connect the midpoints of histogram bars, useful for comparing multiple
distributions

Box Plots and Outlier Detection

* Box plots (box-and-whisker plots) display five-number summaries of datasets

* Five-number summary includes minimum, first quartile (Q1), median, third quartile (Q3), and
maximum

» Box in a box plot represents the interquartile range (IQR)

» Whiskers extend to the minimum and maximum values within 1.5 times the IQR
+ Outliers plotted as individual points beyond the whiskers

» Modified box plots use different methods to identify outliers (Tukey's method)

« Side-by-side box plots facilitate comparison of multiple datasets or groups

Distribution Characteristics

Skewness and Asymmetry

» Skewness measures the asymmetry of a probability distribution

+ Positive skew indicates a longer tail on the right side of the distribution

* Negative skew indicates a longer tail on the left side of the distribution
3(X — median)

- Pearson's coefficient of skewness: SKp = 3

- m
« Fisher-Pearson standardized moment coefficient: 91 = Iﬁz where Mk is the kth central moment
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. -2
« Bowley's coefficient of skewness: SKp = W

Kurtosis and Tail Behavior

« Kurtosis measures the heaviness of the tails of a probability distribution

* Excess kurtosis compares the kurtosis of a distribution to that of a normal distribution

» Mesokurtic distributions have kurtosis similar to a normal distribution (excess kurtosis = 0)
* Leptokurtic distributions have heavier tails and higher peaks (excess kurtosis > 0)

* Platykurtic distributions have lighter tails and flatter peaks (excess kurtosis < 0)

£1—3

—m
« Fisher's measure of kurtosis: 92 = m? , where Mk is the kth central moment

. =M
» Pearson's measure of kurtosis: B2 m?

11.2 Inferential statistics and hypothesis testing

Inferential statistics and hypothesis testing are crucial tools for analyzing survey data. They allow
researchers to draw conclusions about entire populations based on sample data, providing insights into
relationships and differences between groups.

These methods help determine the reliability of survey results and their applicability to larger populations.
By using confidence intervals, significance levels, and various statistical tests, researchers can make
informed decisions and validate their findings in the context of statistical analysis.

Sampling and Estimation

Population Parameters and Sample Statistics

* Population parameter represents a characteristic of the entire population

» Sample statistic serves as an estimate of the population parameter

« Sampling process involves selecting a subset of individuals from the population
* Random sampling ensures each member has an equal chance of selection

« Stratified sampling divides the population into subgroups before selection

Confidence Intervals and Margin of Error

+ Confidence interval provides a range of values likely to contain the true population parameter

* 95% confidence level indicates the interval would contain the true parameter in 95% of repeated
samples

* Margin of error represents the maximum expected difference between the sample statistic and
population parameter

* Larger sample sizes generally lead to smaller margins of error

« Formula for margin of error: ME = z * (g/Vn) where z is the z-score, o is the standard deviation, and
n is the sample size
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Hypothesis Testing Concepts

Null and Alternative Hypotheses

* Null hypothesis (Ho) assumes no effect or relationship exists

« Alternative hypothesis (H1 or Ha) proposes a specific effect or relationship

* Directional alternative hypothesis specifies the direction of the effect (greater than or less than)
* Non-directional alternative hypothesis only indicates a difference exists

* Hypothesis testing aims to determine if there's enough evidence to reject the null hypothesis

Significance Level and P-value

« Significance level (a) sets the threshold for rejecting the null hypothesis
» Common significance levels include 0.05, 0.01, and 0.001

* P-value represents the probability of obtaining results as extreme as observed, assuming the null
hypothesis is true

* Reject the null hypothesis when the p-value is less than the significance level

* Lower p-values indicate stronger evidence against the null hypothesis

Type | and Type Il Errors
* Type | error occurs when rejecting a true null hypothesis (false positive)
* Probability of Type | error equals the significance level (a)
* Type |l error happens when failing to reject a false null hypothesis (false negative)
* Probability of Type Il error denoted as 8
« Statistical power (1 - ) measures the ability to detect a true effect

* Increasing sample size can help reduce both Type | and Type Il errors

Common Statistical Tests

Parametric Tests

*» T-test compares means between two groups

* Independent samples t-test used for separate groups (control vs. treatment)

* Paired samples t-test applied to related measurements (before vs. after)

* ANOVA (Analysis of Variance) compares means among three or more groups
* One-way ANOVA involves one independent variable

» Two-way ANOVA examines effects of two independent variables
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Non-parametric and Regression Tests

* Chi-square test analyzes relationships between categorical variables

+ Chi-square goodness-of-fit test compares observed frequencies to expected frequencies

« Chi-square test of independence examines associations between two categorical variables
» Regression analysis explores relationships between variables

« Simple linear regression involves one independent variable and one dependent variable

» Multiple regression includes two or more independent variables

11.3 Regression analysis in survey research

Regression analysis in survey research is a powerful tool for understanding relationships between
variables. It allows researchers to predict outcomes and examine the impact of multiple factors
simultaneously, providing valuable insights into complex social phenomena.

When working with survey data, regression techniques must be adapted to account for sampling design
and weights. This ensures accurate estimates and valid statistical inferences, reflecting the true population
characteristics rather than just the sample.

Linear and Logistic Regression Models

Fundamentals of Linear Regression

* Linear regression models the relationship between a dependent variable and one or more
independent variables using a linear equation

* Dependent variable represents the outcome or response being predicted

* Independent variables act as predictors or explanatory factors in the model
« Linear equation takes the form ¥ = Bo+ BiXi+ B2Xz+ ... + BuXn + €

* Y: dependent variable

+ X: independent variables

* B: coefficients

* €2 error term

« Coefficient of determination (R-squared) measures the proportion of variance in the dependent
variable explained by the independent variables

* Ranges from 0 to 1, with higher values indicating better model fit
* Residuals represent the differences between observed and predicted values

+ Used to assess model assumptions and identify outliers

Logistic Regression for Binary Outcomes

* Logistic regression predicts the probability of a binary outcome based on one or more independent
variables
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» Used when the dependent variable is categorical with two possible outcomes (yes/no, success/failure)
» Employs a logistic function to model the relationship between variables

- . = 1
* Logistic function: P(Y=1)= 14 o—(ForBfa+ PXat .+ kel

* Interprets results using odds ratios and predicted probabilities

» Assesses model fit using measures like pseudo R-squared and likelihood ratio tests
Multiple Regression and Model Considerations

Advanced Regression Techniques

* Multiple regression extends simple linear regression to include two or more independent variables
« Allows for simultaneous examination of multiple predictors' effects on the dependent variable

« Equation: Y=Bo+B1Xa+B2Xa2+... +BrXn+&

* Interaction effects occur when the relationship between an independent variable and the dependent
variable changes based on the value of another independent variable

* Modeled by including product terms in the regression equation
* Dummy variables represent categorical variables in regression models
+ Created by assigning binary codes (0 or 1) to different categories

* Allows inclusion of non-numeric variables in regression analysis

Addressing Regression Assumptions and Issues

* Multicollinearity occurs when independent variables are highly correlated with each other

+ Can lead to unreliable coefficient estimates and inflated standard errors

+ Detected using variance inflation factor (VIF) or correlation matrices

* Heteroscedasticity refers to unequal variance of residuals across the range of predicted values
* Violates the assumption of constant variance in regression models

» Addressed through robust standard errors or weighted least squares

+ Other considerations include:

» Normality of residuals

* Linearity of relationships

* Independence of observations

Regression with Complex Survey Data

Incorporating Survey Design in Regression Analysis

» Weighted least squares regression accounts for unequal sampling probabilities in survey data

* Assigns weights to observations based on their representation in the population
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* Improves the accuracy of parameter estimates and standard errors

+ Survey weights in regression adjust for:

* Unequal selection probabilities

* Non-response

+ Post-stratification

* Incorporating weights modifies the estimation procedure:

- B = (X'WX)"X'WY

» W: diagonal matrix of survey weights

» Complex survey design effects impact standard errors and confidence intervals

* Clustering and stratification in survey designs affect the precision of estimates

Adjusting for Complex Survey Designs

+ Design-based approach accounts for survey design features in variance estimation
» Uses techniques like Taylor series linearization or replication methods

* Specialized software packages (SUDAAN, Stata's svy commands) facilitate regression analysis with
complex survey data

« Effective degrees of freedom may be reduced due to design effects
« Affects hypothesis testing and confidence interval construction
» Goodness-of-fit measures require modification for weighted regression models

* Pseudo R-squared and F-tests adapted for complex survey data

11.4 Multivariate analysis techniques

Multivariate analysis techniques are powerful tools for understanding complex relationships in survey data.
They allow researchers to examine multiple variables simultaneously, uncovering patterns and connections
that might be missed with simpler methods.

From regression and classification to dimension reduction and clustering, these techniques offer a
comprehensive toolkit for statistical analysis. They help researchers make sense of large datasets, test
hypotheses, and draw meaningful conclusions from survey responses.

Regression and Classification Techniques

Multiple and Logistic Regression

» Multiple regression analyzes relationships between multiple independent variables and one
dependent variable

 Extends simple linear regression to include more than one predictor variable
* Uses least squares method to minimize the sum of squared residuals

« Regression equation takes the form: ¥ = Bo+ BiXa+ B2X2+ ... + BeXc + €
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* Y represents the dependent variable

* X1, Xz, ..., Xk represent independent variables

* Bo, B1, B2, ..., P« represent regression coefficients

* € represents the error term

» Assumptions include linearity, independence of errors, homoscedasticity, and normality of residuals
« Logistic regression predicts binary outcomes (success/failure, yes/no)

» Uses maximum likelihood estimation to fit the model

* Logistic function transforms linear combination of predictors into probability between 0 and 1

. - . = 1
« Equation for logistic regression: P(Y = 1) = T4e Bt B Xt KD

* Interprets results using odds ratios and log-odds

Discriminant Analysis

+ Discriminant analysis classifies observations into predefined groups based on multiple predictor
variables

+ Aims to find linear combinations of variables that best separate groups

* Linear discriminant analysis (LDA) assumes equal covariance matrices for all groups

+ Quadratic discriminant analysis (QDA) allows for different covariance matrices

+ Discriminant function maximizes between-group variance relative to within-group variance
+ Can be used for dimensionality reduction and visualization of multivariate data

« Evaluates classification accuracy using confusion matrices and cross-validation

Dimension Reduction Methods

Factor Analysis

« Factor analysis identifies underlying latent variables (factors) that explain correlations among
observed variables

* Reduces large number of variables to smaller set of factors

 Exploratory factor analysis (EFA) discovers factor structure without prior hypotheses
 Confirmatory factor analysis (CFA) tests specific factor structure based on theory

« Steps include correlation matrix calculation, factor extraction, rotation, and interpretation

« Common factor extraction methods include principal axis factoring and maximum likelihood
* Factor rotation techniques (varimax, oblimin) improve interpretability of factor loadings

* Scree plot and eigenvalues guide decision on number of factors to retain

* Factor scores can be used in subsequent analyses or as composite variables
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Principal Component Analysis and Multidimensional Scaling

* Principal component analysis (PCA) transforms correlated variables into uncorrelated components
* Maximizes variance explained by each successive component

« First principal component accounts for most variance, followed by second, third, and so on

* Eigenvalues and eigenvectors of covariance or correlation matrix determine principal components
* Scree plot helps determine number of components to retain (elbow method)

+ Can be used for data compression, feature selection, and visualization

* Multidimensional scaling (MDS) visualizes similarities or dissimilarities between objects in
lower-dimensional space

+ Classical MDS uses Euclidean distances between objects
* Non-metric MDS preserves ordinal relationships between distances
« Stress value measures goodness of fit for MDS solutions

* Applications include market research, psychological scaling, and gene expression analysis

Clustering and Structural Analysis

Cluster Analysis Techniques

« Cluster analysis groups similar objects together based on multiple variables

* Hierarchical clustering builds nested clusters (dendrogram representation)

» Agglomerative (bottom-up) starts with individual objects and merges clusters

* Divisive (top-down) starts with one cluster and splits into smaller clusters

» K-means clustering partitions data into k predefined clusters

* lteratively assigns objects to nearest centroid and updates centroids

* Requires specifying number of clusters in advance

* Density-based clustering (DBSCAN) identifies clusters of arbitrary shape based on density

« Evaluates cluster quality using silhouette coefficient, Calinski-Harabasz index, or Davies-Bouldin
index

* Applications include customer segmentation, image segmentation, and document classification

Path Analysis and Structural Equation Modeling
« Path analysis examines direct and indirect relationships among variables
* Represents causal relationships using path diagrams
« Calculates path coefficients using multiple regression or correlation analysis
» Decomposes total effects into direct and indirect effects

« Structural equation modeling (SEM) combines factor analysis and path analysis
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* Tests complex relationships between observed and latent variables

« Consists of measurement model (factor analysis) and structural model (path analysis)
+ Evaluates model fit using chi-square test, CFl, RMSEA, and other fit indices

* Allows for testing and comparison of alternative models

* Used in psychology, sociology, and marketing research to test theoretical frameworks

Canonical Correlation Analysis

« Canonical correlation analysis (CCA) explores relationships between two sets of variables
+ Finds linear combinations of variables in each set that maximize correlation between sets
* Produces canonical variates (linear combinations) and canonical correlations

* Number of canonical correlations equals minimum number of variables in either set

« Tests significance of canonical correlations using Wilks' lambda or other multivariate tests
* Interprets results using canonical loadings and cross-loadings

* Applications include relating personality traits to job performance measures or relating environmental
factors to species abundance

Multivariate Hypothesis Testing
Multivariate Analysis of Variance (MANOVA)

*+ MANOVA extends univariate ANOVA to multiple dependent variables

* Tests for differences in means across groups on multiple outcome variables simultaneously
* Accounts for correlations among dependent variables

* Null hypothesis states no difference in population mean vectors across groups

* Test statistics include Wilks' lambda, Pillai's trace, Hotelling's trace, and Roy's largest root

» Assumes multivariate normality, homogeneity of covariance matrices, and independence of
observations

* Post-hoc tests (discriminant analysis, univariate ANOVAs) follow significant MANOVA results
» Advantages over multiple ANOVAs include control of Type | error rate and increased power
* Used in psychology, education, and biology to compare groups on multiple outcomes

 Can be extended to multivariate analysis of covariance (MANCOVA) to include covariates
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Unit 12 — Nonresponse and Missing Data

12.1 Types and causes of nonresponse

Nonresponse in surveys can be a real headache. It happens when people don't answer at all or skip
certain questions. This can mess up your data and make it hard to draw accurate conclusions.

There are different types of nonresponse, like unit, item, and wave. Each has its own challenges.
Understanding why people don't respond is key to fixing the problem and getting better survey results.

Types of Nonresponse

Unit and Iltem Nonresponse
« Unit nonresponse occurs when an entire sampling unit fails to participate in the survey
+ Leads to complete absence of data for a particular respondent
* Can introduce bias if nonrespondents differ systematically from respondents
« Affects overall response rate and sample representativeness
« Iltem nonresponse happens when a respondent participates but fails to answer specific questions
* Results in partial data for a sampling unit
» Can occur due to question complexity, sensitivity, or respondent fatigue
* Requires imputation techniques to handle missing data
» Wave nonresponse manifests in longitudinal studies when participants drop out in subsequent waves
* Impacts the ability to track changes over time
+ Can lead to attrition bias if dropouts differ from continuing participants

* Requires special analytical techniques to account for missing data in later waves

Reasons for Nonresponse

Respondent-Related Factors
* Refusal stems from a respondent's unwillingness to participate in the survey
» Can be due to privacy concerns, lack of interest, or distrust in the research
* Varies across demographic groups and survey topics
* Mitigation strategies include improved introductory statements and incentives
» Non-contact occurs when researchers fail to establish communication with potential respondents
* Results from incorrect contact information, busy schedules, or avoidance behavior

» Can be addressed through multiple contact attempts and varied contact methods (phone, email,
in-person)

* Inability to respond arises from physical, cognitive, or language barriers
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* Includes illiteracy, hearing impairments, or lack of internet access for online surveys

* Requires accommodations such as translators, assistive technologies, or alternative survey modes

Survey Design and Implementation Factors
* Survey fatigue develops when respondents become overwhelmed or bored with the survey process
* More common in lengthy surveys or studies with frequent data collection waves
» Can be mitigated by optimizing survey length and providing progress indicators
« Sensitive questions may lead to nonresponse due to discomfort or perceived risk
* Includes topics related to income, sexual behavior, or illegal activities
* Techniques like randomized response or indirect questioning can improve response rates
* Respondent burden refers to the perceived effort required to complete the survey
* Influenced by factors such as questionnaire length, complexity of questions, and response format

 Can be reduced through careful survey design, clear instructions, and user-friendly interfaces

12.2 Nonresponse bias and its effects

Nonresponse bias is a critical issue in survey research, affecting the accuracy and reliability of results.
When certain groups don't participate, it can skew findings and lead to incorrect conclusions about the
population being studied.

Measuring and adjusting for nonresponse is crucial for maintaining data quality. Researchers use response
rates, bias analysis, and various adjustment techniques like weighting and imputation to mitigate the
effects of nonresponse and improve the validity of survey estimates.

Impact of Nonresponse

Understanding Nonresponse Bias and Representativeness
* Nonresponse bias occurs when survey participants differ systematically from non-participants
* Leads to skewed results that do not accurately reflect the target population
» Compromises the representativeness of the sample, affecting the validity of survey findings
« Can result in underrepresentation of certain demographic groups or opinions
» Magnitude of bias depends on the proportion of nonrespondents and how they differ from respondents
« Affects the generalizability of survey results to the broader population

* May lead to incorrect conclusions about population characteristics or behaviors

Selection Bias and Its Consequences
+ Selection bias arises when the sample selection process favors certain individuals or groups
* Nonresponse can exacerbate selection bias by further distorting the sample composition

* Introduces systematic errors in survey estimates, potentially leading to misleading insights
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» Can result in overrepresentation of easily accessible or cooperative respondents
* Impacts the external validity of the study, limiting the applicability of findings
» May lead to biased policy decisions or ineffective interventions based on skewed data

* Requires careful consideration of sampling methods and response patterns to mitigate

Estimation Error and Its Implications

» Nonresponse contributes to estimation error, reducing the accuracy of survey results
* Increases the variance of estimates, widening confidence intervals

« Can lead to biased point estimates that do not reflect true population parameters

« Affects the precision of statistical tests and hypothesis testing

* May result in Type | or Type Il errors in statistical analyses

+ Impacts the reliability of trend analyses and comparisons across different surveys

» Necessitates the use of advanced statistical techniques to account for missing data

Measuring Nonresponse

Calculating and Interpreting Response Rates

» Response rate measures the proportion of eligible sample units that participate in the survey
« Calculated as the number of completed surveys divided by the total number of eligible sample units
* Expressed as a percentage, with higher rates generally indicating better data quality

» American Association for Public Opinion Research (AAPOR) provides standardized formulas for
response rate calculation

« Different types of response rates (RR1, RR2, etc.) account for various scenarios of eligibility and
partial responses

* Low response rates may signal potential nonresponse bias, but are not a direct measure of bias

* Industry standards for acceptable response rates vary by survey mode and target population (phone
surveys, online panels)

Conducting Bias Analysis to Assess Nonresponse Impact

* Bias analysis compares respondent characteristics to known population parameters

« Utilizes auxiliary data from sampling frames or external sources to assess representativeness
* Involves comparing early responders to late responders or follow-up study participants

» Examines differences in key variables between respondents and nonrespondents

» May include sensitivity analysis to estimate the potential impact of nonresponse on results

* Helps identify specific subgroups or variables most affected by nonresponse

* Guides decisions on the need for and type of nonresponse adjustments
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Adjusting for Nonresponse

Implementing Nonresponse Adjustment Techniques

* Nonresponse adjustment aims to reduce bias and improve the accuracy of survey estimates

« Imputation methods fill in missing data based on available information (hot deck, multiple imputation)
* Propensity score adjustment estimates the likelihood of response for each sample unit

* Post-stratification aligns the respondent sample with known population distributions

« Calibration techniques adjust weights to match population totals on key variables

* Nonresponse follow-up studies collect data from a subset of nonrespondents to inform adjustments

» Requires careful consideration of assumptions and potential introduction of new biases

Applying Weighting Strategies to Mitigate Nonresponse Effects

» Weighting assigns numerical values to each respondent to adjust for unequal selection probabilities
and nonresponse

+ Base weights account for the initial sampling design and selection probabilities
* Nonresponse weights adjust for differential response rates across subgroups
* Post-stratification weights align the weighted sample with known population totals

+ Raking or iterative proportional fitting adjusts weights to match multiple population margins
simultaneously

« Trimming extreme weights helps reduce the variance inflation caused by weighting
« Effective sample size calculation assesses the impact of weighting on precision

* Requires balancing bias reduction with potential increases in variance of estimates

12.3 Techniques for handling missing data

Missing data is a common challenge in surveys. This section explores techniques to address it, from
simple deletion methods to sophisticated imputation approaches. Each method has pros and cons,
impacting data quality and analysis results differently.

Understanding these techniques is crucial for handling nonresponse in surveys. They range from basic
strategies like removing incomplete cases to advanced methods like multiple imputation, which preserves
data integrity and accounts for uncertainty in missing values.

Deletion Methods

Complete and Available Case Analysis

» Complete case analysis removes all observations with any missing data
« Simplifies analysis by working only with complete records

« Can lead to significant loss of data and potential bias
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* Most effective when data is missing completely at random (MCAR)
+ Available case analysis uses all available data for each variable

» Maximizes use of available information

* Can result in different sample sizes for different analyses

* Challenges arise when computing correlations or covariances between variables

Single Imputation Methods
Hot and Cold Deck Imputation

+ Hot deck imputation replaces missing values with observed values from similar respondents
+ Maintains distributional characteristics of the data

* Preserves relationships between variables

* Can be implemented through methods like nearest neighbor imputation

« Cold deck imputation uses external sources or historical data to fill in missing values

+ Useful when current survey data is limited

* Relies on the assumption that patterns in external data are applicable to the current study

« Single imputation methods replace each missing value with a single imputed value

« Simplifies analysis by creating a complete dataset

» Underestimates variability and uncertainty in imputed values

Mean Substitution and Regression Imputation

» Mean substitution replaces missing values with the mean of observed values for that variable
 Simple to implement but can distort distributions and relationships between variables

* Reduces variability in the data, potentially leading to biased estimates

* Regression imputation uses other variables to predict missing values

* Preserves relationships between variables better than mean substitution

» Can be implemented using linear regression for continuous variables or logistic regression for
categorical variables

* May overestimate relationships between variables used in the imputation model
Multiple Imputation and Likelihood-Based Methods

Multiple Imputation Techniques

» Multiple imputation creates multiple plausible imputed datasets
+ Accounts for uncertainty in imputed values by introducing random variation

« Typically involves creating 5-10 imputed datasets

Fiveable archived study guides Page 119



* Analyses are performed on each imputed dataset and results are combined using Rubin's rules
* Process involves three main steps: imputation, analysis, and pooling

 Imputation step creates multiple complete datasets

* Analysis step performs desired statistical analyses on each dataset

* Pooling step combines results to produce final estimates and standard errors

Maximum Likelihood and EM Algorithm

» Maximum likelihood estimation directly incorporates missing data into the likelihood function
* Provides unbiased estimates under missing at random (MAR) assumption
» Can be computationally intensive for complex models or large datasets

» Expectation-Maximization (EM) algorithm iteratively estimates parameters in the presence of missing
data

* Consists of two steps: expectation (E-step) and maximization (M-step)

* E-step calculates expected values of missing data given current parameter estimates
* M-step updates parameter estimates using complete data likelihood

« lterates until convergence, providing maximum likelihood estimates

* Useful for handling missing data in factor analysis and structural equation modeling

12.4 Imputation methods and their applications

Imputation methods are crucial for handling missing data in surveys. They fill in gaps, allowing researchers
to use complete datasets for analysis. From simple techniques like mean imputation to complex
approaches like multiple imputation, these methods aim to maintain data integrity and statistical validity.

Choosing the right imputation method depends on the missing data mechanism and study goals. Proper
implementation and evaluation of imputation techniques are essential for ensuring accurate results and
reliable conclusions in survey research. Understanding these methods is key for dealing with nonresponse
challenges.

Types of Imputation

Deterministic and Stochastic Approaches
» Deterministic imputation replaces missing values with a single predicted value
* Uses fixed rules or algorithms to generate imputed values
* Produces consistent results when applied multiple times to the same dataset
+ Can lead to underestimation of variability in the imputed data
» Stochastic imputation incorporates random components into the imputation process
» Adds random noise to predicted values to reflect uncertainty

» Generates different imputed values each time it's applied
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* Helps preserve variability in the imputed dataset

* Deterministic methods include mean imputation and regression imputation

» Mean imputation replaces missing values with the average of observed values
* Regression imputation uses a regression model to predict missing values

« Stochastic methods include hot deck imputation and multiple imputation

* Hot deck imputation randomly selects observed values to fill in missing data

» Multiple imputation creates multiple plausible imputed datasets (discussed in detail later)

Nearest Neighbor and Predictive Mean Matching

» Nearest neighbor imputation identifies similar cases to impute missing values

+ Searches for the most similar observed case based on other variables

* Imputes the missing value using the corresponding value from the nearest neighbor

« Can preserve relationships between variables and maintain data distribution

* Predictive mean matching combines regression imputation and nearest neighbor approaches
* Predicts values for both missing and observed data using a regression model

* Matches each case with missing data to observed cases with similar predicted values

* Imputes the actual observed value from the matched case

* Preserves the distribution of observed values in the imputed data

* Both methods can handle different variable types (continuous, categorical)

» These approaches are particularly useful for maintaining the natural variability and relationships in the
data

Multiple Imputation

Fundamentals of Multiple Imputation

» Multiple imputation creates several complete datasets to account for uncertainty
» Generates multiple plausible values for each missing data point

* Typically creates 5-20 imputed datasets

» Analyzes each imputed dataset separately and combines results

 Aims to reflect the uncertainty associated with missing data

* Incorporates both within-imputation and between-imputation variance

* Produces more reliable standard errors and confidence intervals

« Suitable for various missing data mechanisms (MCAR, MAR, MNAR)

* MCAR: Missing Completely At Random
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* MAR: Missing At Random

* MNAR: Missing Not At Random

Multiple Imputation by Chained Equations (MICE)

* MICE is a flexible approach for handling complex missing data patterns
* Imputes missing values variable by variable
* Uses a series of regression models, each tailored to the variable being imputed

* Process of MICE: 1. Initially fill in missing values with simple estimates (mean imputation) 2. For each
variable with missing data:

* Regress it on other variables using observed data
 Impute missing values using the regression model

* Repeat for all variables with missing data 3. Iterate the process multiple times to refine imputations 4.
Generate multiple imputed datasets

+ Advantages of MICE:
» Can handle different variable types (continuous, binary, categorical)
* Allows for complex relationships between variables

* Produces imputations that respect the joint distribution of the data

Rubin's Rules for Combining Results

* Rubin's rules provide a framework for pooling results from multiple imputed datasets
» Developed by Donald Rubin, a pioneer in multiple imputation

« Steps for applying Rubin's rules: 1. Analyze each imputed dataset separately 2. Calculate the average
of the parameter estimates across imputations 3. Compute the within-imputation variance and
between-imputation variance 4. Combine variances to obtain the total variance 5. Use the pooled
estimates and variances for inference

» Formulas for Rubin's rules:

* Pooled estimate:

M3

6=

i

Qi

1

« Total variance: T=U + (1 + A)B Where U is the average within-imputation variance and B is the
between-imputation variance

* Rubin's rules account for both the uncertainty within each imputed dataset and the variability between
imputations

Imputation Methodology

Developing an Imputation Model

+ Imputation model specifies how missing values will be predicted
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+ Should include all variables relevant to the missing data mechanism

* Incorporates auxiliary variables that may improve prediction accuracy

+ Key considerations for building an imputation model:

* Include variables used in the analysis model

» Add variables related to the probability of missingness

* Consider interactions and non-linear relationships

» Ensure the model is compatible with the analysis model

* Types of imputation models:

« Joint modeling approach: specifies a multivariate distribution for all variables

« Fully conditional specification: uses a series of univariate models for each variable
* Model selection criteria:

* Predictive accuracy: how well the model predicts observed values

* Plausibility: whether imputed values are reasonable and consistent with domain knowledge

» Computational efficiency: especially important for large datasets

Imputation Diagnostics and Evaluation

* Imputation diagnostics assess the quality and validity of imputed values

» Compare distributions of observed and imputed values

« Examine relationships between variables in observed and imputed data

+ Check for implausible or impossible values

+ Graphical diagnostics:

* Density plots: compare distributions of observed and imputed values

« Scatter plots: examine bivariate relationships in observed and imputed data

* Residual plots: assess model fit and identify potential issues

* Numerical diagnostics:

* Fraction of missing information (FMI): measures the impact of missing data on parameter estimates
* Relative increase in variance (RIV): quantifies the increase in variance due to missing data
» Monte Carlo errors: assess the stability of results across multiple imputations

+ Sensitivity analysis:

* Vary imputation model assumptions to assess their impact on results

» Compare results from different imputation methods

« Evaluate the robustness of conclusions to missing data handling
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Unit 13 — Bias Correction Techniques

13.1 Weighting adjustments

Weighting adjustments are crucial in survey sampling to correct for biases and improve estimate accuracy.
These techniques include base weights, design weights, and inverse probability weighting, which account
for complex sampling designs and unequal selection probabilities.

Nonresponse adjustments, raking, and calibration weights further refine sample representativeness.
Weight trimming and capping methods help manage extreme weights, balancing the trade-off between
variance reduction and potential bias introduction in survey estimates.

Base and Design Weights
Understanding Base Weights and Their Application

» Base weights represent the inverse of selection probabilities in a sample
* Calculated as W = % where Ti is the probability of selection for unit i

* Reflect the number of population units each sampled unit represents

« Crucial for unbiased estimation in complex survey designs

* Vary across different sampling stages in multistage sampling designs

* Incorporate stratification and clustering effects on selection probabilities

» Used to compensate for unequal selection probabilities in the sample

Design Weights and Their Importance
+ Design weights adjust for complexities in the sampling design
« Account for stratification, clustering, and unequal selection probabilities
+ Calculated by multiplying base weights with additional design factors
* Improve the representativeness of the sample to the target population
* Incorporate oversampling adjustments for certain subgroups
* Reflect the inverse of the overall probability of selection across all sampling stages

« Essential for accurate variance estimation in complex survey designs

Inverse Probability Weighting Techniques
* Inverse probability weighting assigns weights based on the inverse of selection probabilities
* Helps correct for bias introduced by unequal selection probabilities
« Calculated as Wi = ,%,—, where Pi is the probability of inclusion for unit i
» Widely used in propensity score weighting for observational studies

+ Balances observed covariates between treatment and control groups
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» Reduces selection bias in non-randomized studies

* Incorporates both sampling design and response propensity in survey research

Nonresponse and Calibration Adjustments

Nonresponse Adjustment Methods

» Nonresponse adjustment corrects for bias due to survey non-participation

* Involves weighting responding units to represent non-respondents

« Utilizes response propensity models to estimate the probability of response
+ Adjusts weights by the inverse of estimated response probabilities

* Requires auxiliary information about both respondents and non-respondents
* Assumes missing at random (MAR) mechanism for nonresponse

» Can be applied at different levels (unit nonresponse, item nonresponse)

Raking and Its Implementation

» Raking adjusts sample weights to match known population totals

* Iterative process that alternates between adjusting for row and column marginals
* Preserves the relative weights within each dimension being raked

* Useful when only marginal population totals are available

« Can incorporate multiple dimensions of population controls

 Converges to a unique solution regardless of the order of dimensions

* Improves the representativeness of the sample across multiple characteristics

Calibration Weights and Their Advantages

« Calibration weights adjust sample estimates to match known population totals

» Minimizes the distance between initial and final weights while satisfying constraints
« Utilizes auxiliary information to improve precision and reduce bias

» Can incorporate both categorical and continuous auxiliary variables

» Generalizes other weighting techniques (post-stratification, raking)

* Improves consistency between sample estimates and known population parameters

+ Allows for the incorporation of multiple levels of calibration constraints
Weight Trimming and Capping

Weight Trimming Techniques and Considerations

» Weight trimming reduces extreme weights to improve estimate stability
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* Involves setting a threshold and adjusting weights exceeding this value

» Can be symmetric (both tails) or asymmetric (upper tail only)

* Reduces variance at the cost of potentially introducing some bias

* Requires careful consideration of the trade-off between variance and bias
» Can be based on percentiles, standard deviations, or fixed cutoffs

« Often followed by weight redistribution to maintain population totals

Weight Capping Methods and Applications
» Weight capping sets an upper limit on the maximum allowable weight
» Aims to reduce the influence of extremely large weights on estimates
» Can be applied as a fixed cap or as a multiple of the median weight
* Helps stabilize estimates in the presence of highly variable weights
* Reduces the impact of outliers on survey estimates
« Often used in combination with other weight adjustment techniques

* Requires sensitivity analysis to determine appropriate capping levels

13.2 Post-stratification and calibration

Post-stratification and calibration are powerful tools for improving survey accuracy. They use known
population info to adjust estimates, reducing bias from non-response and sampling errors. These
techniques are crucial for getting reliable results from imperfect data.

Auxiliary variables play a key role in these methods. By leveraging data like demographics or geographic
info, researchers can fine-tune their estimates. The choice between post-stratification and calibration
depends on the type and quality of available auxiliary data.

Post-Stratification and Calibration Estimators

Post-Stratification Techniques
« Post-stratification adjusts survey estimates using population information known after data collection
+ Divides the sample into groups (strata) based on characteristics like age, gender, or education level
* Assigns weights to each stratum to match known population proportions
* Improves precision of estimates by reducing sampling variability
* Helps correct for non-response bias when response rates differ across strata
+ Calculation involves multiplying the sample mean of each stratum by its known population proportion

» Formula for post-stratified estimator:
) H
Yps= 2 Why,
h=1

» Where Wh is the known population proportion for stratum h
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« ¥ is the sample mean for stratum h

Calibration and Regression Estimators

+ Calibration estimators adjust sample weights to match known population totals for auxiliary variables
+ Raking ratio estimation iteratively adjusts weights to match marginal totals for multiple variables

* Uses iterative proportional fitting algorithm to converge on final weights

* Particularly useful when only marginal totals are available, not full cross-tabulations

» General regression estimator (GREG) extends calibration to use linear regression models

* GREG incorporates auxiliary information through a regression model of the survey variable

* Formula for GREG estimator: )A’GREG = \A(HT + (X — )A(HT)'BA

* Where )A’HT is the Horvitz-Thompson estimator

- X is the vector of known population totals for auxiliary variables

. )QHT is the Horvitz-Thompson estimator of auxiliary variable totals

* B is the estimated regression coefficient vector

Comparison and Applications

* Post-stratification works well with categorical auxiliary variables (age groups, regions)

+ Calibration estimators handle both categorical and continuous auxiliary information

* GREG estimator often provides more precise estimates than post-stratification

* Raking useful for complex surveys with many auxiliary variables and marginal controls

* Applications include adjusting for non-response in political polls, improving official statistics
« Software packages (R, SAS, Stata) offer functions for implementing these estimators

+ Choice of method depends on available auxiliary information and survey design complexity

Auxiliary Information

Types and Sources of Auxiliary Variables

* Auxiliary variables correlate with survey variables of interest or non-response patterns
» Demographic characteristics (age, gender, education level, income brackets)

» Geographic information (region, urban/rural classification, zip codes)

* Behavioral data (voting history, consumer spending patterns, internet usage)

» Administrative records (tax data, social security information, vehicle registrations)

* Previous survey results or census data provide reliable auxiliary information

+ Big data sources (social media activity, mobile phone usage) offer new opportunities

+ Quality of auxiliary information impacts effectiveness of calibration techniques
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Population Totals and Their Importance

* Population totals refer to known aggregate values of auxiliary variables for the entire target population

« Examples include total population by age group, total households in each region, total registered
voters

» Obtained from reliable sources like national statistical offices, government agencies, or trusted
databases

* Accuracy of population totals crucial for effective calibration and bias reduction
* Totals should ideally come from the same time period as the survey to ensure relevance
» Misalignment between survey period and auxiliary data can introduce bias

* Population totals enable calculation of expansion weights in design-based inference

Calibration Constraints and Implementation

« Calibration constraints ensure sample weights reproduce known population totals for auxiliary
variables

z WiXj =X

* Linear constraints most common: £
Ies

» Where Wi are the calibrated weights, Xi are auxiliary variable values, and X is the population total
» Non-linear constraints possible but computationally more complex

« Constraints can be applied at different levels (national, regional, demographic subgroups)

» Over-constraining can lead to extreme weights or convergence issues

+ Balance needed between utilizing available information and maintaining stable weights

+ Diagnostic tools help assess impact of calibration on weight distribution and estimate precision

* Variance estimation for calibrated estimators requires special techniques (e.g., linearization,
replication methods)

13.3 Propensity score methods

Propensity score methods help reduce bias in observational studies by balancing covariates between
treatment groups. These techniques estimate the probability of receiving treatment based on observed
characteristics, allowing for fairer comparisons and more accurate treatment effect estimates.

From logistic regression to matching and weighting, various approaches use propensity scores to adjust for
confounding factors. These methods aim to create comparable groups, mimicking randomization and
enabling researchers to draw more reliable causal conclusions from non-experimental data.

Propensity Score Estimation

Understanding Propensity Scores and Estimation Methods

* Propensity score represents the probability of receiving treatment based on observed covariates

+ Calculated using logistic regression models predicting treatment assignment from covariates
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* Ranges from 0 to 1, with higher scores indicating greater likelihood of treatment
* Helps balance covariates between treatment and control groups

* Reduces bias in observational studies by mimicking randomization

Logistic Regression for Propensity Score Calculation

« Utilizes logistic regression to estimate propensity scores
 Treatment assignment serves as the dependent variable (0 for control, 1 for treatment)
» Observed covariates function as independent variables in the model

* Produces log-odds of treatment assignment for each subject

* Converts log-odds to probabilities using the logistic function: P(X) = 1 +efwo+ﬂ}x,+v. +BeXe)

Assessing and Achieving Covariate Balance

+ Covariate balance ensures similar distributions of covariates between treatment and control groups
* Evaluates effectiveness of propensity score estimation

» Compares standardized mean differences of covariates before and after adjustment

« Utilizes visual tools (histograms, boxplots) to assess balance

* lteratively refines propensity score model to improve balance (adding interaction terms, polynomial
terms)

Propensity Score Adjustment Methods

Matching Techniques for Propensity Score Analysis

« Pairs treated subjects with control subjects based on similar propensity scores

* Nearest neighbor matching selects the closest control match for each treated subject

+ Caliper matching sets a maximum allowable difference between matched pairs

+ Optimal matching minimizes the overall difference in propensity scores across all matched pairs

* One-to-many matching allows multiple control subjects to match with a single treated subject

Stratification Approaches Using Propensity Scores

* Divides subjects into strata based on propensity score quantiles (often quintiles)
* Analyzes treatment effects within each stratum

» Combines stratum-specific effects for an overall treatment effect estimate

» Reduces bias by comparing subjects with similar propensity scores

* Allows for examination of treatment effect heterogeneity across strata

Inverse Probability Weighting Methods

+ Assigns weights to subjects based on the inverse of their propensity scores
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* Treated subjects receive weight of 1/PS, control subjects receive weight of 1/(1-PS)
« Creates a pseudo-population where treatment assignment is independent of covariates

« Allows for estimation of average treatment effects (ATE) and average treatment effects on the treated
(ATT)

« Stabilized weights can be used to reduce the influence of extreme propensity scores
Treatment Effect Estimation

Estimating Treatment Effects with Propensity Scores

+ Calculates the difference in outcomes between treated and control groups after propensity score
adjustment

* Average Treatment Effect (ATE) estimates the effect of treatment on the entire population

 Average Treatment Effect on the Treated (ATT) focuses on the effect for those who received
treatment

« Utilizes regression models with treatment indicator and propensity score as covariates

* Incorporates doubly robust estimation combining outcome regression and propensity score models

Assessing Covariate Balance in Treatment Effect Estimation

« Evaluates the success of propensity score methods in reducing covariate imbalance

» Compares standardized mean differences before and after propensity score adjustment
» Examines Q-Q plots of covariate distributions between treated and control groups

*» Assesses overlap in propensity score distributions to ensure common support

» Conducts sensitivity analyses to evaluate the impact of potential unmeasured confounders

Advanced Propensity Score Applications
* Implements machine learning algorithms (random forests, boosting) for propensity score estimation
* Applies propensity scores in longitudinal studies with time-varying treatments
» Extends propensity score methods to multiple treatment groups (multinomial propensity scores)
* Incorporates propensity scores in mediation analysis to estimate direct and indirect effects

» Combines propensity scores with instrumental variable methods for improved causal inference

13.4 Bias analysis and sensitivity testing

Bias analysis and sensitivity testing are crucial for ensuring survey accuracy. These techniques help
researchers identify and quantify potential sources of error, from selection bias to measurement issues. By
understanding these biases, surveyors can make informed decisions about data collection and analysis.

Sensitivity analysis and bounds estimation are key tools in this process. They allow researchers to assess
how changes in assumptions affect results and estimate the range of possible outcomes. This helps paint a
more complete picture of survey findings and their reliability.
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Types of Bias

Selection and Nonresponse Bias

« Selection bias occurs when certain groups are more likely to be included in a sample than others
* Results in a sample that does not accurately represent the target population

 Can lead to overrepresentation or underrepresentation of specific subgroups

* Causes include convenience sampling or voluntary response sampling

* Nonresponse bias arises when individuals chosen for the sample do not participate

+ Leads to systematic differences between respondents and non-respondents

» Can occur due to refusal to participate, inability to contact, or language barriers

» May result in underrepresentation of certain demographic groups (low-income households)

Coverage and Measurement Bias

» Coverage bias happens when the sampling frame does not fully represent the target population

» Excludes some members of the population from having a chance of being selected

» Can occur due to outdated lists, incomplete databases, or technological limitations

* Leads to systematic exclusion of certain groups (homeless individuals in address-based sampling)
* Measurement bias stems from errors in collecting or recording data

* Includes issues with question wording, response options, or interviewer influence

« Can result from social desirability bias, leading respondents to give inaccurate answers

« Affects the accuracy and reliability of survey results (responses to sensitive topics like drug use)

Bias Analysis Techniques

Sensitivity Analysis and Robustness Checks

* Sensitivity analysis assesses how changes in assumptions or inputs affect study results
* Involves systematically varying key parameters or assumptions

* Helps identify which factors have the most significant impact on outcomes

* Provides insight into the stability and reliability of results

* Robustness checks evaluate the stability of results under different conditions or methods
* Involves using alternative statistical models or data subsets

* Helps determine if findings hold up under various scenarios

« Strengthens confidence in results if they remain consistent across different approaches
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Bias Indicators and Bounds Analysis

* Bias indicators are metrics used to detect and quantify potential bias in a study

* Include measures like response rates, sample composition, and demographic comparisons
* Help researchers identify areas where bias may be present

+ Guide decisions on whether bias correction techniques are necessary

* Bounds analysis estimates the range of possible results given potential bias

* Involves calculating upper and lower limits for estimates

* Accounts for uncertainty due to nonresponse or missing data

* Provides a more comprehensive view of potential outcomes (range of possible election results)
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Unit 14 — Sampling Surveys: Practical
Applications

14.1 Market research and opinion polls

Market research and opinion polls are crucial tools for understanding consumer behavior and public
sentiment. They help businesses make informed decisions about products and marketing strategies, while
also providing insights into political trends and voter preferences.

These techniques employ various sampling methods to gather data, from surveys and focus groups to exit
polls and conjoint analysis. Understanding the strengths and limitations of each approach is essential for
interpreting results accurately and making sound decisions based on the findings.

Market Research

Consumer Behavior and Brand Awareness

» Consumer behavior analyzes how individuals make purchasing decisions influenced by psychological,
social, and economic factors

* Includes studying consumer preferences, buying patterns, and decision-making processes
» Brand awareness measures the extent to which consumers recognize and recall a specific brand

« Utilizes techniques such as surveys, focus groups, and social media monitoring to gauge brand
recognition

* Helps companies tailor marketing strategies and improve product positioning (Nike's "Just Do It"
campaign)

Product Testing and Customer Satisfaction

* Product testing evaluates new or existing products before market release or during their lifecycle
* Involves gathering feedback on product features, usability, and overall performance
+ Can include beta testing, usability studies, and A/B testing for digital products

 Customer satisfaction assesses how well a company's products or services meet consumer
expectations

* Utilizes methods like Net Promoter Score (NPS) surveys and customer feedback analysis

* Helps identify areas for improvement and maintain customer loyalty (Apple's Genius Bar service)

Market Segmentation and Conjoint Analysis

» Market segmentation divides a broad target market into subsets of consumers with common needs or
characteristics

» Enables companies to tailor marketing efforts and product offerings to specific groups

» Segments can be based on demographics, psychographics, behavior, or geography
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 Conjoint analysis determines how consumers value different product features
* Involves presenting respondents with various product configurations and analyzing their preferences

* Helps optimize product design and pricing strategies (automobile manufacturers determining optimal
feature combinations)

Opinion Polls
Exit Polls and Political Polling

« Exit polls survey voters immediately after they leave polling stations

+ Provide early indications of election results and insights into voter demographics

* Help media outlets project winners before official results are available

* Political polling gauges public opinion on candidates, issues, and policies

« Utilizes various sampling methods including random digit dialing and online panels

* Influences campaign strategies and public discourse (Gallup presidential approval ratings)

Margin of Error and Response Bias

» Margin of error represents the range of values above and below the sample estimate within which the
actual population parameter is likely to fall

« Calculated using the sample size and desired confidence level

* Typically reported as +X% at a 95% confidence level

* Response bias occurs when survey participants provide inaccurate or untruthful answers
+ Can result from social desirability bias, question wording, or interviewer influence

+ Mitigated through careful survey design and data collection methods (anonymous online surveys)

14.2 Social and demographic surveys

Social and demographic surveys are essential tools for understanding population dynamics and societal
trends. These surveys provide crucial data on census counts, migration patterns, and demographic
transitions, helping governments make informed decisions about resource allocation and policy-making.

Household socioeconomic surveys dive deeper, examining family life and economic conditions. Using
various methodologies, these surveys collect data on income, education, and social indicators, offering
insights into inequality and quality of life that shape development goals and policies.

Population Demographics

Census and Population Dynamics

* Population census involves systematically counting and recording information about all individuals in a
country

» Conducted periodically (usually every 5 or 10 years) to gather comprehensive demographic data

* Provides crucial information for government planning, resource allocation, and policy-making
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* Demographic transition describes the shift from high birth and death rates to lower birth and death
rates

* Consists of four stages: pre-industrial, early industrial, late industrial, and post-industrial

« Affects population growth, age structure, and socioeconomic development (Japan, ltaly)

Migration Patterns and Population Movement

* Internal migration refers to movement within a country (rural to urban areas)

* International migration involves crossing national borders for various reasons (economic opportunities,
political asylum)

+ Push factors drive people away from their origin (conflict, poverty)
* Pull factors attract people to a destination (job prospects, better quality of life)
* Net migration rate measures the difference between immigration and emigration

* Impacts population distribution, labor markets, and cultural diversity (United States, Germany)

Household Socioeconomic Surveys

Survey Methodologies and Data Collection

» Household surveys gather information on various aspects of family life and economic conditions
» Employ probability sampling techniques to select representative households

« Utilize questionnaires, interviews, or electronic data collection methods

* Longitudinal surveys track changes in households over time (Panel Study of Income Dynamics)
« Cross-sectional surveys provide snapshots of household conditions at a specific point in time

 Ensure data quality through proper training of interviewers and rigorous data validation processes

Socioeconomic Indicators and Analysis

» Socioeconomic status combines social and economic factors to assess an individual's or family's
position

» Measured through education level, occupation, income, wealth, and social capital

* Income distribution reveals how total income is divided among individuals or households in a
population

* Gini coefficient quantifies income inequality, ranging from 0 (perfect equality) to 1 (perfect inequality)
* Social indicators measure various aspects of societal well-being and quality of life
* Include health outcomes, education attainment, housing conditions, and access to basic services

+ Used to track progress towards development goals and inform policy decisions (Human Development
Index)
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Labor and Education

Labor Force Surveys and Employment Statistics

* Labor force surveys collect data on employment, unemployment, and workforce characteristics

» Measure key indicators such as labor force participation rate and unemployment rate

« Classify individuals as employed, unemployed, or not in the labor force based on specific criteria
* Provide insights into job market trends, occupational distributions, and working conditions

* Help identify underemployment, skill mismatches, and labor market disparities

« Inform economic policies and workforce development strategies (Bureau of Labor Statistics surveys)

Education Statistics and Human Capital Development

» Education statistics track enrollment rates, educational attainment, and learning outcomes

» Measure literacy rates, years of schooling, and educational quality across different demographics
* Program for International Student Assessment (PISA) compares educational performance globally
» Human capital development links education and skills to economic productivity and growth

* Analyze the relationship between education levels and labor market outcomes

« Inform educational policies, curriculum development, and resource allocation in schools

* Highlight disparities in access to education and the need for targeted interventions (UNESCO Institute
for Statistics)

14.3 Health and medical research applications

Health and medical research applications are crucial in sampling surveys. These studies investigate
disease patterns, assess risk factors, and evaluate health interventions. Epidemiological research and
clinical trials provide valuable insights into population health trends and treatment effectiveness.

Sampling techniques ensure representative data collection in health studies. From cross-sectional surveys
to randomized controlled trials, researchers use various methods to gather and analyze health-related
information. This data informs public health policies and improves patient care.

Epidemiological Research

Disease Prevalence and Risk Assessment

+ Epidemiological studies investigate patterns, causes, and effects of health conditions in defined
populations

* Disease prevalence measures proportion of population affected by specific health condition at a given
time

+ Risk factor assessment identifies characteristics, behaviors, or exposures increasing likelihood of
developing disease

* Includes genetic predisposition, lifestyle choices (smoking, diet), and environmental factors (pollution)
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* Health disparities examine differences in health outcomes among various demographic groups
* Factors include socioeconomic status, race, ethnicity, gender, and geographic location
* Public health surveillance continuously collects, analyzes, and interprets health-related data

» Enables early detection of disease outbreaks and monitoring of long-term health trends

Study Design and Data Collection Methods
* Cross-sectional studies provide snapshot of population health at specific point in time
« Useful for estimating disease prevalence and identifying potential risk factors
+ Cohort studies follow groups of individuals over time to observe health outcomes
* Prospective cohorts track participants from exposure to outcome
* Retrospective cohorts analyze existing data to identify past exposures
« Case-control studies compare individuals with specific condition to those without
« Efficient for studying rare diseases or conditions with long latency periods
» Sampling techniques ensure representative population data collection
« Stratified sampling divides population into subgroups based on relevant characteristics

« Cluster sampling selects groups of individuals rather than individuals themselves

Data Analysis and Interpretation

« Statistical methods analyze epidemiological data to draw meaningful conclusions
* Includes measures of association (relative risk, odds ratio) and hypothesis testing
» Confounding factors controlled through study design or statistical adjustment
 Ensures observed associations not due to external variables

» Meta-analysis combines results from multiple studies to increase statistical power
+ Provides more robust estimates of effect sizes and reduces bias

 Causal inference techniques assess whether observed associations likely represent causal
relationships

* Includes Bradford Hill criteria and directed acyclic graphs (DAGSs)
* Results interpretation considers limitations, potential biases, and generalizability of findings

« Informs public health policy decisions and future research directions

Clinical and Behavioral Studies

Clinical Trial Design and Implementation

« Clinical trials test safety and efficacy of medical interventions (drugs, devices, procedures)

» Randomized controlled trials (RCTs) considered gold standard for evaluating interventions
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* Participants randomly assigned to treatment or control groups to minimize bias

« Blinding techniques prevent participants, researchers, or both from knowing group assignments
+ Single-blind: participants unaware of group assignment

* Double-blind: neither participants nor researchers aware of group assignment

* Phases of clinical trials progress from small safety studies to large efficacy trials

* Phase I: small group of healthy volunteers to assess safety and dosage

* Phase Il: larger group of patients to evaluate efficacy and side effects

* Phase Il large-scale trials to confirm efficacy and compare to existing treatments

* Phase IV: post-market surveillance to monitor long-term effects and rare side effects

Health Behavior and Patient Experience Assessment

+ Health behavior surveys collect data on lifestyle factors affecting health outcomes

* Includes diet, physical activity, substance use, and preventive health practices

* Survey design considerations ensure valid and reliable data collection

» Question wording, response options, and survey length impact data quality

« Patient satisfaction measures assess healthcare quality from patient perspective

* Includes factors like communication, wait times, and perceived effectiveness of care

+ Quality of life measures evaluate overall well-being and functioning of individuals

* Generic measures (SF-36) applicable across various health conditions

» Disease-specific measures focus on impact of particular conditions

* Patient-reported outcome measures (PROMs) capture health status directly from patients

» Used to assess treatment effectiveness and guide clinical decision-making

Data Analysis and Application in Healthcare

« Statistical analysis of clinical trial data determines intervention efficacy and safety

* Includes intention-to-treat analysis to maintain randomization integrity

« Effect size calculations quantify magnitude of intervention impact

* Absolute risk reduction, number needed to treat, and Cohen's d commonly used

* Behavioral data analysis identifies patterns and predictors of health-related behaviors

* Regression techniques assess relationships between variables

* Cluster analysis groups individuals with similar behavioral patterns

« Patient satisfaction and quality of life data inform healthcare quality improvement efforts

* Benchmarking compares performance across healthcare providers or institutions
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* Results dissemination through peer-reviewed publications and clinical practice guidelines

* Informs evidence-based medicine and shapes healthcare policy decisions

14.4 Environmental and ecological sampling

Environmental and ecological sampling is crucial for understanding and protecting our planet. These
methods assess water quality, air pollution, soil contamination, and biodiversity. They use techniques like
grab sampling, remote sensing, and wildlife population estimates to gather data on ecosystems.

This topic builds on earlier sampling concepts, applying them to real-world environmental challenges. It
shows how surveys can monitor ecosystems, measure pollution, and inform conservation efforts.
Understanding these methods is key for addressing pressing environmental issues.

Environmental Monitoring

Water Quality Monitoring and Air Pollution Sampling

» Water quality monitoring assesses the physical, chemical, and biological characteristics of water
bodies

* Measures parameters such as pH, dissolved oxygen, temperature, and turbidity

» Employs grab sampling techniques to collect water samples at specific points in time

« Utilizes continuous monitoring systems for real-time data collection (data loggers, sensors)

« Air pollution sampling evaluates the presence and concentration of pollutants in the atmosphere
* Measures particulate matter (PM2.5, PM10), ozone, nitrogen oxides, and sulfur dioxide

+ Uses passive samplers to collect pollutants over extended periods (diffusion tubes)

» Implements active sampling methods with pumps to draw air through collection media

» Both monitoring systems require careful site selection to ensure representative data collection

* Quality control measures include calibration of instruments and proper sample handling procedures

Soil Contamination Studies and Remote Sensing

+ Soil contamination studies investigate the presence of harmful substances in soil

*» Analyzes soil samples for heavy metals, organic pollutants, and pesticides

* Employs grid sampling techniques to map contamination across a site

* Utilizes soil core sampling to assess vertical distribution of contaminants

» Remote sensing leverages satellite and aerial imagery for environmental monitoring

» Detects changes in land use, vegetation cover, and water bodies over time

* Employs multispectral and hyperspectral imaging to identify specific environmental features

« Utilizes LiDAR technology for high-resolution topographic mapping and forest structure analysis

» Both methods integrate Geographic Information Systems (GIS) for data visualization and analysis

» Temporal sampling strategies capture seasonal variations and long-term environmental trends
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Ecological Surveys

Biodiversity Assessment and Wildlife Population Estimates

* Biodiversity assessments quantify the variety of living organisms in an ecosystem

» Employs species richness indices (Shannon-Wiener Index) to measure diversity

« Utilizes quadrat sampling for plant communities and small, sessile organisms

* Implements transect methods for surveying larger areas or mobile species

« Wildlife population estimates determine the abundance and distribution of animal species
* Applies mark-recapture techniques for closed populations (Lincoln-Petersen method)

* Uses distance sampling methods for open populations (line transects, point counts)

* Employs camera trapping for elusive or nocturnal species

* Both approaches often require stratified sampling to account for habitat heterogeneity

+ Consider seasonal variations and animal behavior patterns when designing surveys

Habitat Surveys and Ecological Impact Assessments

+ Habitat surveys characterize the physical and biological features of an ecosystem

* Maps vegetation types and structures using aerial photography and ground-truthing

* Assesses habitat quality through indicators (species diversity, structural complexity)

» Employs plot-based sampling methods to quantify vegetation characteristics

+ Ecological impact assessments evaluate the effects of human activities on ecosystems
« Utilizes before-after-control-impact (BACI) design to measure environmental changes
* Implements indicator species monitoring to assess ecosystem health

* Analyzes food web structures and energy flow using stable isotope techniques

» Both methods often require long-term monitoring to detect gradual ecological changes

* Incorporates adaptive sampling designs to focus efforts on areas of particular interest or concern

Environmental Risk Assessment

Environmental Risk Analysis and Management

* Environmental risk analysis identifies and evaluates potential hazards to ecosystems and human
health

* Employs hazard identification techniques (literature review, expert consultation)
» Conducts exposure assessment to determine the likelihood and magnitude of exposure to hazards
« Utilizes dose-response assessment to evaluate the relationship between exposure levels and effects

+ Risk characterization integrates hazard and exposure information to estimate overall risk

Fiveable archived study guides Page 140



* Applies probabilistic risk assessment methods (Monte Carlo simulation) to account for uncertainties
+ Uses sensitivity analysis to identify key factors influencing risk estimates
+ Risk management develops strategies to mitigate identified environmental risks

 Implements risk reduction measures based on the hierarchy of controls (elimination, substitution,
engineering controls)

» Employs cost-benefit analysis to evaluate the effectiveness of risk management options
* Environmental risk communication disseminates findings to stakeholders and the public
« Utilizes various communication channels (reports, public meetings, online platforms)

» Addresses risk perception and uncertainty in conveying complex environmental issues

Fiveable archived study guides Page 141



Unit 15 — Ethical Considerations in Survey
Sampling

15.1 Informed consent and respondent rights

Informed consent is crucial in sampling surveys, ensuring participants make voluntary, informed decisions.
It respects autonomy, allows withdrawal, and protects rights. Researchers must obtain explicit agreement
and provide clear information about the study's purpose, procedures, and potential impacts.

Implementing informed consent involves disclosing research goals, activities, and time commitments.
Researchers must communicate risks, benefits, and participant rights clearly. Proper documentation and
record-keeping of consent are essential for ethical research practices.

Informed Consent Fundamentals

Ethical Principles of Informed Consent

« Informed consent ensures participants make voluntary, knowledgeable decisions about survey
participation

« Voluntary participation allows respondents to freely choose whether to take part without coercion or
undue influence

* Right to withdraw empowers participants to exit the study at any time without negative consequences

« Participant autonomy respects individuals' capacity for self-determination in research contexts

Implementing Informed Consent Practices
+ Obtain explicit agreement from participants before collecting any data
* Provide clear, accessible information about the study's purpose, procedures, and potential impacts
* Use language appropriate for the target population (avoiding jargon or complex terms)
+ Allow sufficient time for participants to review consent materials and ask questions

» Document the consent process through signed forms or electronic acknowledgments
Consent Disclosures

Communicating Research Purpose and Procedures
* Disclosure of research purpose informs participants about the study's goals and intended outcomes
» Explain the specific activities involved in participation (surveys, interviews, observations)
+ Outline the expected time commitment and duration of the study
* Describe how the collected data will be used and disseminated

* Inform participants about any funding sources or sponsoring organizations
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Risks, Benefits, and Participant Rights

» Comprehension of risks and benefits ensures participants understand potential positive and negative
outcomes

* Clearly communicate any foreseeable risks (psychological discomfort, breach of confidentiality)
» Explain potential benefits to participants or society at large
+ Discuss measures taken to minimize risks and protect participant privacy

« Inform participants of their rights, including the ability to skip questions or withdraw from the study

Documentation and Record-Keeping

» Documentation of consent provides a record of the agreement between researchers and participants
* Use written consent forms for most studies, with exceptions for certain low-risk or anonymous surveys

* Include all required elements in consent documents (purpose, procedures, risks, benefits,
confidentiality measures)

+ Obtain signatures or electronic acknowledgments from participants
* Securely store consent documentation separate from collected data to maintain confidentiality

* Provide participants with copies of their signed consent forms for reference

15.2 Confidentiality and data protection

Confidentiality and data protection are crucial in sampling surveys. These practices safeguard participants'
privacy, maintain trust, and ensure ethical research. From anonymization techniques to legal compliance,
researchers must prioritize data security at every step.

Implementing robust protection measures isn't just good practice—it's often legally required. Researchers
must navigate complex privacy laws, establish clear protocols for data handling, and be prepared to
respond swiftly to potential breaches. This protects participants and preserves the integrity of the research
process.

Data Protection Measures

Anonymization and Encryption Techniques

+ Data anonymization removes personally identifiable information from datasets

* Replaces names with unique codes or pseudonyms

» Aggregates data to prevent individual identification

* Applies techniques like k-anonymity and differential privacy

+ Data encryption converts information into a secret code to prevent unauthorized access
* Uses algorithms (AES, RSA) to scramble data

* Requires decryption keys to read the information

* Protects data both at rest and in transit
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Secure Storage and Retention Policies

 Secure data storage involves implementing robust physical and digital safeguards

« Utilizes firewalls, intrusion detection systems, and access logs

» Employs secure cloud storage solutions with multi-factor authentication

* Implements regular security audits and penetration testing

+ Data retention policies establish guidelines for storing and disposing of information

« Defines how long different types of data should be kept (research data, personal information)

* Outlines secure methods for data destruction (secure deletion, physical destruction of hard drives)

» Ensures compliance with legal requirements and minimizes unnecessary data storage

Legal and Regulatory Requirements

Privacy Laws and GDPR Compliance
* Privacy laws protect individuals' personal information and regulate data handling practices
* Vary by jurisdiction (PIPEDA in Canada, CCPA in California)
+ Often require organizations to obtain consent for data collection and processing
* Mandate transparency in data usage and provide individuals with rights over their data

* General Data Protection Regulation (GDPR) sets stringent data protection standards in the European
Union

* Applies to organizations handling EU residents' data, regardless of location

* Requires explicit consent for data processing and grants individuals rights (access, erasure,
portability)

* Imposes hefty fines for non-compliance (up to 4% of global annual turnover or €20 million)

Data Breach Protocols and Reporting

+ Data breach protocols outline steps to follow when unauthorized data access occurs

* Include immediate containment measures to prevent further data loss

» Require thorough investigation to determine the extent and cause of the breach

* Involve notifying affected individuals and relevant authorities within specified timeframes
* Reporting requirements vary based on jurisdiction and severity of the breach

» GDPR mandates reporting to supervisory authorities within 72 hours

» Many laws require notification to affected individuals if the breach poses a risk to their rights and
freedoms

» Some regulations necessitate public disclosure for large-scale breaches
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Participant Privacy

Informed Consent and Confidentiality Agreements

* Informed consent ensures participants understand and agree to data collection and usage
« Clearly explains the purpose, risks, and benefits of the study

+ Outlines how data will be collected, used, and protected

* Allows participants to withdraw consent at any time

+ Confidentiality agreements establish trust and protect participant information

* Bind researchers and staff to maintain the privacy of participant data

+ Outline consequences for breaching confidentiality

* Detail specific measures taken to protect sensitive information

Participant Identifiers and Access Controls

« Participant identifiers replace personal information with unique codes or pseudonyms

* Use randomly generated alphanumeric strings or sequential numbers

« Store linking information separately from research data

» Implement additional safeguards for sensitive or potentially identifiable data

+ Data access controls restrict and monitor who can view or modify participant information
» Employ role-based access control (RBAC) to limit data access based on job function

+ Implement multi-factor authentication for accessing sensitive data

» Maintain detailed logs of data access and modifications for auditing purposes

15.3 Ethical issues in sensitive topic research

Sensitive topic research in sampling surveys requires careful consideration of ethical issues. Researchers
must balance scientific inquiry with protecting participants' emotional well-being, implementing strategies to
minimize psychological risks and safeguard vulnerable populations.

Cultural sensitivity, trauma-informed practices, and comprehensive debriefing are crucial. Researchers
must also prioritize their own safety and mental health when dealing with emotionally challenging topics,
ensuring a supportive environment for all involved in the study.

Ethical Considerations

Addressing Sensitive Topics and Psychological Risks

* Sensitive topics require careful consideration in sampling surveys to avoid causing distress or harm to
participants

» Psychological risks arise when surveys touch on traumatic experiences, mental health issues, or
deeply personal matters
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* Researchers must balance scientific inquiry with protecting participants' emotional well-being

« Implement screening questions to identify potentially vulnerable respondents before asking sensitive
items

* Provide clear content warnings and allow participants to skip questions or sections they find
uncomfortable

* Use indirect questioning techniques (randomized response, item count) to increase privacy when
asking about stigmatized behaviors

* Phrase sensitive questions neutrally to avoid judgment or leading respondents

Safeguarding Vulnerable Populations

* Vulnerable populations include children, elderly, prisoners, individuals with cognitive impairments, or
marginalized groups

+ Obtain informed consent from legal guardians for minors or those unable to consent themselves

« Simplify survey language and provide additional explanations for populations with limited literacy or
comprehension

» Ensure survey administration methods are accessible (large print, audio options, interpreters)

» Consider power dynamics and potential coercion when surveying institutionalized populations
(prisons, nursing homes)

* Implement extra confidentiality measures to protect vulnerable groups from potential negative
consequences of participation

Ensuring Cultural Sensitivity in Survey Design

« Cultural sensitivity involves respecting diverse beliefs, values, and practices in survey design and
administration

« Consult with cultural experts or community leaders when developing surveys for specific cultural
groups

* Translate surveys accurately, accounting for linguistic nuances and cultural context
* Avoid assumptions about family structures, gender roles, or religious practices in question wording
+ Consider cultural taboos or sensitive topics that may vary across different groups

+ Adapt data collection methods to align with cultural norms (same-gender interviewers, group vs.
individual settings)

* Recognize and mitigate potential cultural biases in survey questions, response options, or sampling
methods

Participant Protection

Implementing Trauma-Informed Research Practices

» Trauma-informed research acknowledges the prevalence of trauma and its potential impact on survey
participants
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* Train interviewers to recognize signs of distress and respond empathetically
« Offer breaks or opportunities to pause the survey if participants become overwhelmed

* Provide multiple options for survey completion (online, in-person, phone) to accommodate different
comfort levels

* Use a strengths-based approach in question framing to avoid re-traumatization
+ Implement a protocol for handling disclosures of abuse or immediate safety concerns

» Conduct post-survey check-ins to assess participants' emotional state

Conducting Effective Debriefing Procedures

* Debriefing involves providing information and support to participants after survey completion

« Explain the purpose and potential impact of the research to give context to sensitive questions
» Address any misconceptions or concerns that may have arisen during the survey process

* Provide an opportunity for participants to ask questions or share feedback

« Offer resources for further information on the survey topics

* Remind participants of confidentiality measures and data protection procedures

+ Express gratitude for their participation and contribution to the research

Providing Comprehensive Referral Services

* Referral services connect participants with support resources related to survey topics

» Compile a list of local and national helplines, counseling services, and support groups

« Tailor referral information to the specific sensitive topics covered in the survey

« Offer both immediate crisis support options and long-term assistance resources

* Provide referrals in multiple formats (printed handouts, email, text message) for accessibility

* Follow up with participants who express interest in referrals to ensure they accessed needed support

+ Collaborate with local service providers to streamline referral processes and ensure availability

Researcher Well-being

Ensuring Researcher Safety and Mental Health

» Researcher safety encompasses both physical and emotional well-being during sensitive topic
research

* Implement buddy systems or check-in procedures for researchers conducting fieldwork in potentially
dangerous areas

* Provide personal safety training and equipment for researchers working in high-risk environments
« Establish clear protocols for handling threatening situations or participant aggression

« Offer regular debriefing sessions for researchers to process emotional impacts of sensitive research
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* Provide access to counseling or mental health support for researchers exposed to traumatic content

* Implement workload management strategies to prevent burnout when dealing with emotionally taxing
research topics

* Foster a supportive research team environment that encourages open communication about
challenges and stress

* Develop self-care plans tailored to individual researchers' needs and the specific demands of the
project

15.4 Professional codes of conduct in survey research

Professional codes of conduct in survey research provide essential guidelines for ethical practices. These
codes, like AAPOR and ESOMAR, emphasize transparency, honesty, and respect for respondents while
addressing data collection, analysis, and reporting.

Accountability mechanisms and ethical review boards ensure adherence to these standards. Researchers
must maintain integrity by avoiding fabrication, falsification, and plagiarism, while managing conflicts of
interest and promoting transparency in their work.

Ethical Guidelines and Codes of Conduct

Professional Codes and Guidelines

* AAPOR Code of Ethics provides comprehensive ethical standards for public opinion and survey
research

» Emphasizes transparency, honesty, and respect for respondents

« Covers data collection, analysis, and reporting practices

* Requires disclosure of research methods and funding sources

+ ESOMAR guidelines establish international standards for market, social, and opinion research
* Focus on protecting respondent rights and ensuring data privacy

» Address issues like data collection methods, data storage, and cross-border research

* Provide guidance on emerging technologies and online research practices

« Ethical review boards evaluate research proposals to ensure compliance with ethical standards
* Typically found in academic institutions and research organizations

* Review potential risks to participants and assess the overall research design

* May require modifications to research protocols or consent procedures

Accountability and Enforcement

* Professional accountability mechanisms ensure adherence to ethical standards
* Include peer review processes and professional certification programs
» Encourage self-regulation within the research community

* Violations of ethical codes can result in disciplinary actions
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* May include loss of professional memberships or certifications

» Can damage researcher's reputation and credibility in the field

» Ongoing education and training programs reinforce ethical practices

* Professional organizations offer workshops and webinars on ethical issues

* Many institutions require regular ethics training for researchers

Maintaining Research Integrity

Ensuring Research Quality and Objectivity
* Research integrity involves conducting studies with honesty, accuracy, and objectivity
* Requires careful attention to research design and methodology
* Involves proper data collection, analysis, and interpretation techniques
* Researchers must avoid fabrication, falsification, and plagiarism
« Fabrication involves creating false data or results
« Falsification includes manipulating research materials or processes
* Plagiarism occurs when using others' ideas or words without proper attribution
* Proper documentation and data management practices support research integrity
» Maintain detailed records of research procedures and raw data

* Implement secure data storage and backup systems

Managing Conflicts and Transparency

« Conflict of interest arises when personal or financial interests could compromise research objectivity
* Includes financial relationships with study sponsors or stakeholders

« Can involve personal beliefs or biases that may influence research outcomes

» Researchers must disclose potential conflicts of interest

* Include disclosures in research proposals, publications, and presentations

* May need to recuse themselves from certain research activities or decisions

* Transparency in reporting enhances research credibility and reproducibility

* Provide clear descriptions of research methods and analytical procedures

* Report both positive and negative findings accurately

» Share data and materials when appropriate to allow for independent verification
» Open science practices promote transparency and collaboration

* Preregistration of research plans and hypotheses

* Use of open-access repositories for data and materials
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* Encouragement of replication studies to validate findings
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