
Steps in Quantitative Research



Example research questions

Research question 1: what are the racial/ethnic disparities in health-related quality of 

life (HRQOL) among the general population and among people with low SES 

(education and/or income) particularly?

Research question 2: What are the racial/ethnic disparities in health care access

among the general population and among people with low SES (education and/or 

income) particularly?



1. Obtain data

• Can the data be used to address the research questions and hypotheses?

• How were the data collected? 
• If random sampling, what was the sampling technique? 

• If intervention study, what was the study design?

• What was the sampling unit of the data? What was the sample size? 

• Do we have enough statistical power to test the research hypotheses if required?



BRFSS 2021 data
• Can BRFSS 2021 data be used to address the research questions?

• For health-related quality of life, BRFSS 2021 has 

– the days of physical health not good (PHYSHLTH)

– the days of mental health not good (MENTHLTH)

– the days poor physical or mental health keep you from doing your usual activities (POORHLTH).

• For health care access, BRFSS 2021 has 

– visited a doctor within the past year (CHECKUP1)

– could not see a doctor when needed in the past year (MEDCOST1).

• Independent variables: racial/ethnic groups, education, income, health insurance 
coverage, and other basic demographic variables.



BRFSS 2021 data

• BRFSS 2021 is a national complex samples telephone survey of noninstitutionalized 

U.S. residents aged 18 years and older (the population).

• The total sample size is 438,693 in 2,140 strata with a median response rate of 

44% (ranged from 23.5% to 60.5%).

• Florida was unable to collect enough BRFSS data in 2021 to meet the minimum 

requirements for inclusion in the 2021 BRFSS public-use data set (undercoverage).



Research hypotheses

Research question 1: what are the racial/ethnic disparities in health-related quality of 

life (HRQOL) among the general population and among people with low SES 

(education and/or income) particularly?

– Hypothesis 1.1: The average # of days of physical health not good differs among racial/ethnic groups.

– Hypothesis 1.2: This racial/ethnic disparity deepens in people with low SES.

Research question 2: What are the racial/ethnic disparities in health care access 

among the general population and among people with low SES (education and/or low 

income) particularly?

– Hypothesis 2.1: The odds of visited a doctor within the past year differs among racial/ethnic groups.

– Hypothesis 2.2: This racial/ethnic disparity deepens in people with low SES.



Power and sample size analysis

• Formal power and sample size analysis is not necessary for exploratory data 

analysis. Describe the data generation process such as inclusion/exclusion criteria. 

• For each research hypothesis, hypothesized values of parameters are needed. For 

example:

– Hypothesis 1.1: The average # of days of physical health not good differs among racial/ethnic groups.

• For quantitative data, we need mean and standard deviation of PHYSHLTH for each racial/ethnic group.

– Hypothesis 2.1: The odds of visited a doctor within the past year differs among racial/ethnic groups.

• For categorical data, we need % people visited a doctor within the past year for each racial/ethnic group.

• For subgroup analyses, the sample size requirement is higher.



2. Data cleaning

• Know how the data were originally collected?

• Go through the data and obtain summary statistics to verify the data. Do some 

data cleaning if necessary.

• Recode the data if necessary to fit the research questions and hypotheses. 

• Pay attention to missing data. How do we handle missing data? Is imputation 

needed.



BRFSS 2021 data

0

Missing 
data

Use it as quantitative data or categorize it?



BRFSS 2021 data

Missing data
Combine with 4
Missing data
Missing data

Use it as ordinal data or dichotomize it?



BRFSS 2021 data

For a sample size consideration, are 
some minority groups too small for 
data analysis?



Missing data

• With about 2% missing data, it should not be a concern here. Analyzing complete 

cases (cases with no missing data) should not prohibit us from generalize our 

results to the population.

• If less than 10% data are missing on each variable, we can impute the missing data 

by methods such as hot deck, mean imputation, or regression.

• Often, multiple imputations are preferred to account for the extra variations from 

the missing data.

• But few good methods can help effectively deal with excessive missing data.



BRFSS 2021 data

Missing data!



Imputation
• Hot-deck/cold-deck: impute data from similar record(s) either from the same dataset 

or from a different dataset. May involve sorting the dataset by some variable(s) based 
on the observed data.

• Mean imputation: impute data with the mean of the variable based on all observed 
cases. This underestimates the variance and attenuates any correlations between the 
imputed variable and other variables.

• Regression imputation: impute data with predicted values from a regression model. 
This still underestimates the variance but may overestimate correlations with other 
variables.

• Multiple imputation: impute data with multiple randomly generated values (from a 
model). Multiple copies of imputed data will be generated and analyzed, and results 
will be pooled together.



Missing data mechanisms

• Missing completely at random: the reason the data are missing is completely 

random.
– Example: simply forgot to provide responses to some survey questions.

• Missing at random: the cause of the missingness depends on some observed 

variable(s) for which data have been collected.
– Example: failure to provide responses to some survey questions may be related to one’s age and 

health conditions which are available.

• Missing not at Random: the cause of the missingness may depend on the value of 

the missing data itself so cannot be controlled for.
– Example: not willing to provide income because it is very high (for a tax concern). A survey of an 

acute illness missed some respondents because they were ill at home. Or the variable(s) related to 

the missingness is simply not measured.



3. Data summary

• Obtain data summary plots and statistics for all data involved.

• Pay attention to the distributions of the data. 

– If any outliers, are they to be removed? 

– If strong skewness in the data, are remediation measures necessary?

– Is sensitivity analysis necessary?

• Data summary will also help you choose appropriate statistical methods to analyze 

the data.



Assumptions in analysis

• Two-sample t-test
– The two groups of data are independent and not too far from a normal distribution.

– A larger sample size is required to deal with more skewed data.

• Analysis of variance
– Each group of data are independent and not too far from a normal distribution.

– Group variances are often assumed the same.

• Linear regression
– The relationship between the response and predictor(s) are linear.

– The errors are independent and not too far from a normal distribution.

– The error variance is constant.

• Logistic regression
– The data are independent, and the logit (log odds) is linearly related to the predictor(s).



BRFSS 2021 data



BRFSS 2021 data



BRFSS 2021 data



4. Data analysis

• Choose appropriate statistical methods to address the research questions and 

hypotheses using available data.

• Conduct the analyses and investigate the results.

• All statistical models have assumptions. Verify those assumptions using diagnostic 

plots and statistics. If assumptions were violated, take necessary remediation 

measures.

• Is the chosen statistical model appropriate? Are the chosen variables necessary 

and enough to address the research questions and hypotheses. If not, revise the 

model and refine the variable selection.

• Run the revised analyses, investigate the results, and check model diagnostics 

again. Is it satisfactory? If not, revise the model again.



PHYSHLTH vs. race/ethnicity

• The days of physical health not good (PHYSHLTH) is strongly skewed with excessive 

number of zeros.

• It is of practical sense to compare the mean # of days physical health not good (as 

an exploratory analysis) among the racial/ethnic populations.

• But testing the hypothesis of any difference among the racial/ethnic populations 

using ANOVA might be problematic. The complex samples procedures (especially 

with bootstrap variance estimation) may help.

• A crude analysis would be to dichotomize the data to zero or any days.



PHYSHLTH vs. race/ethnicity

* SAS complained no sufficient memory for domain comparison!

Proc surveymeans



PHYSHLTH vs. race/ethnicity
Proc surveyreg



PHYSHLTH vs. race/ethnicity by income

Income

Race/ethnicity All <$15K $15K-$50K $50K-
$100K

>$100K

American Indian/Alaskan Native, Non-Hispanic 1.67 -0.55 0.59 0.17 0.95

Asian, Non-Hispanic -1.72 -6.05 -2.86 -0.90 -0.62

Black, Non-Hispanic 0.13 -2.07 -1.10 -0.51 0.19

Hispanic -0.23 -3.77 -1.92 -0.28 0.07

Other race, Non-Hispanic 0.41 -0.11 -0.26 0.48 -0.20

White, Non-Hispanic 0.00 0.00 0.00 0.00 0.00

* SAS complained no sufficient memory for testing the interaction between 
race/ethnicity and income!

Proc surveyreg with income level as a domain



PHYSHLTH vs. race/ethnicity by income

Income

Race/ethnicity All <$15K $15K-$50K $50K-
$100K

>$100K

American Indian/Alaskan Native, Non-Hispanic 1.98 -0.73 0.90 0.20 0.94

Asian, Non-Hispanic -1.18 -4.89 -2.24 -0.58 -0.53

Black, Non-Hispanic 0.34 -2.22 -0.74 -0.39 0.18

Hispanic 0.29 -2.96 -1.13 0.08 0.19

Other race, Non-Hispanic 0.81 -0.03 0.23 0.75 -0.16

White, Non-Hispanic 0.00 0.00 0.00 0.00 0.00

* Analyses adjusted by age, sex, and health insurance coverage.

Proc surveyreg with income level as a domain



Dichotomized PHYSHLTH
Proc surveyfreq



PHYSHLTH > 0 vs. race/ethnicity

RACE/ETHNICITY PHYSHLTH>0 Weighted Row percent Std Err

White, Non-Hispanic 107848 49974343 33.34 0.17

Black, Non-Hispanic 11089 9253632 33.15 0.48

Asian, Non-Hispanic 2553 3380316 23.76 0.98

American Indian/Alaskan Native, Non-
Hispanic

2756 891353 38.97 1.20

Hispanic 11750 12059279 29.17 0.47

Other race, Non-Hispanic 5407 1867154 34.32 0.83

Proc surveyfreq



PHYSHLTH > 0 vs. race/ethnicity
Proc surveylogistic



PHYSHLTH > 0 vs. race/ethnicity
Odds ratio All <$15K $15K-

$50K
$50K-
$100K

>$100K

American Indian/Alaskan Native, Non-Hispanic vs White, 
Non-Hispanic

1.28 0.97 1.04 0.95 1.09

Asian, Non-Hispanic vs White, Non-Hispanic 0.63 0.34 0.49 0.78 0.80

Black, Non-Hispanic vs White, Non-Hispanic 0.99 0.84 0.79 0.84 0.93

Hispanic vs White, Non-Hispanic 0.82 0.46 0.56 0.89 1.01

Other race, Non-Hispanic vs White, Non-Hispanic 1.04 0.78 0.95 1.01 0.93

Proc surveylogistic



PHYSHLTH > 0 vs. race/ethnicity
Odds ratio All <$15K $15K-

$50K
$50K-
$100K

>$100K

American Indian/Alaskan Native, Non-Hispanic vs White, 
Non-Hispanic

1.34 0.96 1.07 0.93 1.09

Asian, Non-Hispanic vs White, Non-Hispanic 0.66 0.36 0.52 0.78 0.82

Black, Non-Hispanic vs White, Non-Hispanic 1.00 0.82 0.80 0.84 0.92

Hispanic vs White, Non-Hispanic 0.87 0.47 0.59 0.93 1.04

Other race, Non-Hispanic vs White, Non-Hispanic 1.08 0.77 0.95 1.02 0.93

Proc surveylogistic



5. Result reporting

• Write the method section to summarize the method used in data analysis.

• Prepare necessary tables and figures to illustrate the results. We often need a 

summary data, maybe a bivariate analysis table, and a table for the final model. 

Sometimes figures are better to illustrate the findings.

• Write the result section to summarize the key findings.

• Write the conclusion and limitations.



Statistical analysis

Data were summarized in mean (standard deviation) or frequency (percent). Complex 

samples procedures, proc surveymeans and proc surveyreg, in SAS 9.4 (SAS Institute 

Inc., Cary, NC) were used to compare the mean number of days physical health not 

good among the racial/ethnic populations with a Taylor series variance estimation 

method. When the number of days physical health not good was dichotomized into 0 

or 1 or more days, SAS proc surveylogistic was used to compare the odds of having 1 

or more days physical health not good among the racial/ethnic populations. In all 

analyses, the non-Hispanic White population was used as a reference group. Age, sex, 

and health insurance coverage were considered covariates, while income level was 

considered an effect modifier for race/ethnicity. A significance level of 0.05 was used.



Table 1 - Summary
Variable Category Weighted n Mean or % Std Err

# of days physical health not good 241,109,851 3.54 0.03

1 or more days physical health of good 77,426,077 32.11 0.16

Age 18-34 72,481,409 29.46 0.16

35-54 79,156,834 32.17 0.16

55-64 40,088,457 16.29 0.12

65+ 54,314,940 22.08 0.12

Sex Male 119,902,241 48.73 0.17

Female 126,139,399 51.27 0.17

Health insurance coverage Have some form of insurance 214,432,112 91.41 0.11

Do not have some form of health insurance 20,162,490 8.59 0.11

Race/ethnicity White, Non-Hispanic 152,731,715 62.08 0.17

Black, Non-Hispanic 28,639,654 11.64 0.11

Asian, Non-Hispanic 14,461,978 5.88 0.12

American Indian/Alaskan Native, Non-Hispanic 2,350,504 0.96 0.02

Hispanic 42,298,969 17.19 0.15

Other race, Non-Hispanic 5,558,820 2.26 0.04

Income level $100,000 or more 51,575,592 26.96 0.17

$50,000-$100,000 55,555,176 29.04 0.17

$15,000-$50,000 69,358,743 36.26 0.18

Less than $15,000 14,802,143 7.74 0.11



Table 2 - bivariate

Race/ethnicity # of days physical health 
not good

1 or more days physical 
health of good

Mean Std Err % Std Err

White, Non-Hispanic 3.64 0.03 33.34 0.17

Black, Non-Hispanic 3.77 0.08 33.15 0.48

Asian, Non-Hispanic 1.92 0.15 23.76 0.98

American Indian/Alaskan Native, Non-Hispanic 5.31 0.25 38.97 1.20

Hispanic 3.41 0.08 29.17 0.47

Other race, Non-Hispanic 4.05 0.15 34.32 0.83



Table 3 - Models
Income level

Outcome Race/ethnicity
3

All <$15K $15K-
$50K

$50K-
$100K

>$100K

# of days 
physical 

health not 
good (mean 
difference)

1

American Indian/Alaskan Native, Non-Hispanic 1.98 -0.73 0.90 0.20 0.94

Asian, Non-Hispanic -1.18 -4.89 -2.24 -0.58 -0.53

Black, Non-Hispanic 0.34 -2.22 -0.74 -0.39 0.18

Hispanic 0.29 -2.96 -1.13 0.08 0.19

Other race, Non-Hispanic 0.81 -0.03 0.23 0.75 -0.16

1 or more 
days 

physical 
health of 

good (odds 
ratio)

2

American Indian/Alaskan Native, Non-Hispanic 1.34 0.96 1.07 0.93 1.09

Asian, Non-Hispanic 0.66 0.36 0.52 0.78 0.82

Black, Non-Hispanic 1.00 0.82 0.80 0.84 0.92

Hispanic 0.87 0.47 0.59 0.93 1.04

Other race, Non-Hispanic 1.08 0.77 0.95 1.02 0.93

1: linear regressions; 2: logistic regressions; 1,2: Models were adjusted for age, sex, and health insurance coverage; 3: White, Non-
Hispanic was the reference group.



Results
• There were disparities among racial/ethnic populations in the number of 

days physical health not good. Compared to the non-Hispanic White 
population, the non-Hispanic Asian population had better physical health, 
the American Indian/Alaskan Native population had worse physical health, 
and the non-Hispanic Black and Hispanic populations had similar physical 
health overall.

• Specifically for people with the lowest income level, all populations had 
better physical health than the non-Hispanic White population with the 
non-Hispanic Asian the best, Hispanic the second, and Black the third. 
However, this disparity gradually diminished as people’s income increased.



Conclusion and limitations
• This study finds racial/ethnic disparities in the number of days physical 

health not good using BRFSS 2021 data. This disparity was the worst for 
people with the lowest income level and gradually diminished as people’s 
income increased.

• The BRFSS 2021 is a large national sample survey, but Florida was excluded 
from the survey because it failed to generate enough sample data. This 
impairs the generalizability of the results of this study.

• The BRFSS 2021 survey had about 2% missing data on the outcome, 4% 
missing data on health insurance coverage, and 21.5% on income level. 
This study used pair-wise deletion in the analyses, which may cause 
subpopulation analysis results to vary from the overall analysis.


