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Disclaimer

Working papers are intended to report exploratory results of research and analysis undertaken by the National Center for 
Science and Engineering Statistics (NCSES) at the U.S. National Science Foundation (NSF). Any opinions, findings, 
conclusions, or recommendations expressed in this working paper do not necessarily reflect the views of NSF. This working 
paper has been released to inform interested parties of ongoing research or activities and to encourage further discussion of 
the topic.

NCSES has reviewed this product for unauthorized disclosure of confidential information and approved its release (NCSES- 
DRN25-016).
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Abstract

This working paper describes imputation research with applications to the Survey of Doctorate Recipients (SDR), which 
provides information about the educational and occupational achievements and career movement of U.S.-trained doctoral 
scientists and engineers in the United States and abroad. The paper explores a new imputation approach for the SDR that 
systematically utilizes and maintains reported longitudinal patterns. The paper also summarizes the evaluation of the new 
cross-sectional imputation for the 2019 SDR cross-sectional data and the 2015–19 longitudinal SDR file.
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1. Introduction

Missing data in surveys occurs when a respondent does not answer a particular question either intentionally (the respondent 
does not know or refuses to answer), unintentionally (an oversight or misinterpreted skip pattern instructions), or because the 
respondent completes a short version of the questionnaire that includes only critical items. Imputation of missing data from 
surveys aims to mitigate the risk of nonresponse bias associated with item nonresponse and provide data users with a 
complete data set with no missing values to facilitate data analyses. In addition, the imputation procedures seek to support 
multivariate inferences by reflecting the relationships among survey variables.

Particularly, in imputation for longitudinal surveys, it is crucial to maintain longitudinal relationships in the data by preserving 
temporal patterns and accurately predicting missing data at a given time. The Survey of Doctorate Recipients (SDR) provides 
information about the educational and occupational achievements and career movement of U.S.-trained doctoral scientists 
and engineers in the United States and abroad and produces both cross-sectional and longitudinal data. The SDR currently 
imputes the biennial cross-sectional item missing data through a hot deck method. The first release of longitudinal SDR data 
in 2022 (LSDR 2015–19) added hot deck imputation of missing years of data for longitudinal cohort cases using longitudinal 
patterns1 while taking the cross-sectional imputations as fixed, meaning the cross-sectional data were not changed. 
Although each cross-sectional imputation utilizes reported data from prior cycles, the current method does not incorporate 
longitudinal patterns consistently.

The research described in this working paper investigates the effects of the systematic usage of information from past 
cycles in the cross-sectional imputation and in the longitudinal imputation, which already incorporates longitudinal 
information. The key goal is to improve donor matching in the cross-sectional imputation and, in turn, enhance the data 
quality of (1) the cross-sectional data sets by strengthening the imputation accuracy and (2) the longitudinal data sets by 
reducing the chance of creating unobserved and unverifiable longitudinal patterns. The following steps are involved in this 
investigation.

The results of this research can be used to evaluate both the cross-sectional and longitudinal data sets and to provide 
specific recommendations on extending and modifying the methodology for use in future SDR cycles.

The two methods sections (sections 2 and 3) describe the cross-sectional imputation and longitudinal imputation, 
respectively. Section 4 concludes with a summary and recommendations.

Develop a cross-sectional imputation approach that uses longitudinal patterns and test it on identified items using data 
from the 2019 SDR (section 2.2.2).

Evaluate the new cross-sectional imputation results relative to the original cross-sectional imputation for the 2019 SDR 
(section 2.3).

Develop an imputation approach for a longitudinal 2015–19 SDR data set that makes use of the newly imputed cross- 
sectional data set (section 3.2).

Evaluate the new longitudinal imputation results relative to the original longitudinal imputation that was done for the 
2015–19 SDR (section 3.3).

Make recommendations for future implementation of the longitudinal imputation for SDR.

●

●

●

●

●

https://ncses.nsf.gov/pubs/nsf22326
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2. Methods: Cross-Sectional Imputation

2.1 Existing Imputation Process: Hot Deck Imputation

The SDR is conducted approximately biennially and provides demographic, education, and career history information from 
individuals with a U.S. research doctoral degree in a science, engineering, or health field. The majority of data items have low 
nonresponse. For example, item nonresponse in the SDR 2019 for key employment and demographic items ranged from 0% 
to 3%. Nonresponse to questions about income was higher and ranged from 13% to 15%.2 For the SDR cross-sectional files, 
the cross-sectional imputation has been utilizing information available within a cycle while incorporating data from previous 
cycles where possible, primarily aiming to enhance the accuracy of the imputation within the cross-sectional file. The 
research described in this working paper investigated the effect of a new approach that uses data from previous cycles 
systematically. The new approach resembles the processes used for the original cross-sectional imputation but with some 
modifications, including (1) conducting a separate imputation step for cases grouped by the historic response patterns of a 
given item and (2) identifying additional class and sort variables to be used in the imputation of each of the items. These 
modifications were intended to preserve longitudinal patterns observed in the 2015, 2017, and 2019 SDR data reported by 
respondents.

The exploration focuses on items from questionnaire section A (employment situation) of the 2019 survey, which are of 
particular interest longitudinally. The original 2019 cross-sectional imputation for questionnaire sections B (past 
employment), C (other work-related experiences), D (recent educational experiences), and E (demographic) were retained.

The methods section begins by outlining the existing hot deck imputation in section 2.1. The new cross-sectional imputation 
approach, including describing the modifications and their implementation in more detail using the 2019 SDR data, is given in 
section 2.2. Section 2.3 shows comparisons between the re-imputed data using the new approach and the published 2019 
SDR data using the original approach; the comparisons were made by evaluating item response status patterns and variable 
distributions before and after imputation (marginal and conditional on the longitudinal information).

The existing SDR imputation process involved filling in missing values for all survey items for which a response was expected 
based on the survey questionnaire logic. Imputation was conducted after editing, which involved both filling in values that 
could be logically inferred and setting some values to missing if there was inconsistency among a sample member’s 
responses. Imputation was conducted sequentially to account for logic and skip patterns in the questionnaire. Most survey 
items were imputed using hot deck imputation. Hot deck imputation is a statistical technique that, for each respondent with a 
missing survey item, identifies another respondent with complete data for that item. The respondent with complete 
information is a donor, and the complete data are used to impute the missing data. The respondent with the missing survey 
item is referred to as a recipient. For each imputed item, donors were selected to match recipients based on specific class 
variables so that the respondent who provided the information had the same responses as the recipient for those variables. 
As a further step, all cases were sorted by sort variables, so that a recipient’s donor was chosen from a respondent nearby in 
the sort order (hence, with similar values). The set of cases with the same values in the full set of class variables and the 
same or similar values in the full set of sort variables is referred to as a cell.

Additional details of the original 2019 cross-sectional imputation procedures can be found in the 2019 Survey of Doctorate 
Recipients Methodology Report, available upon request from the National Center for Science and Engineering Statistics 
(NCSES). The remainder of this section focuses on the changes made to the cross-sectional imputation for the questionnaire 
section A items.
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2.2 Methods for Questionnaire Section A Survey Item Re-Imputation

2.2.1 Hot Deck Imputation

All questionnaire items in section A, regarding employment, were re-imputed with the exception of the following:

Appendix A lists each of the 108 variables from section A of the questionnaire that were re-imputed using the new approach 
for hot deck imputation (see section 2.2.1 Hot Deck Imputation) and two variables from section A of the questionnaire that 
were re-imputed using the new approach for random imputation (see section 2.2.2 Random Imputation). Random imputation 
was retained for the two variables related to the most and second-most important reasons for taking a postdoc position and 
the two variables related to the most and second-most important reasons for working outside the field of highest degree. For 
re-imputation, a hot deck imputation procedure was used in all but a few instances. Details of the exceptions are provided in 
section 2.2.2 Random Imputation.

Critical complete questions (which were required to have a response for a case to be considered “complete”),

Variables that were never missing after editing, and

Verbatim texts (where the respondent provided answers to open-ended questions).

●

●

●

As described earlier, the primary statistical imputation technique used in the existing SDR imputation process was a hot deck 
procedure, which involves classifying individual cases into cells with similar cases using class and sort variables. The hot 
deck imputation was still the primary technique in the new approach. Imputation was performed within cells, guaranteeing 
that the donor and recipient had the same value for all class variables.

As with the original imputation, filter variables were used to determine the skip patterns for the interview and thus determine 
whether or not a question was even asked. For example, reasons for not working are asked only if the respondent reports to 
be unemployed, so employment status is the filter variable for retirement status. No changes were made to the filter 
variables.

Class variables were used to maintain consistency among related variables. For example, working status was used as a class 
variable for whether or not the respondent had retired. In general, class variables from the original 2019 cross-sectional 
imputation were retained, but additional variables were included for many of the items in the section A questionnaire to 
preserve longitudinal relationships.

Within a particular cell, all individuals were ordered using sort variables. Sort variables were chosen based on being related to 
the variable to be imputed. Again, the 2019 re-imputation retained the sort variables from the original 2019 cross-sectional 
imputation but introduced additional sort variables.

Once all of the cases were grouped into cells and sorted by the relevant sort variables, a case with a missing value was given 
the same response as the observation nearest to it in the ordered sort without violating the donor use limit3 (the donor limit 
was three within the cells). Within cells, serpentine sorting4 was implemented using the sort variables. This approach to 
sorting helped ensure that cases near each other in the sort variable had similar values for the sort variables.

The new imputation approach deviated from the existing approach to preserve reported longitudinal patterns whenever 
possible in two ways:

First, by running the imputation separately by item response status history. For a given item, (1) recipients (cases with the 
item missing) were divided into three groups based on their item response status from each of the three SDR cycles 
(2015, 2017, 2019), (2) a set of donors was identified for each group of recipients, and (3) the item in each group was 
imputed separately using hot deck imputation with the associated set of recipients.

Table 1 specifies how the recipients were grouped and how the donor pool was determined for each recipient group.

●
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Table 1. Inclusion conditions for the three recipient groups and their associated donor pools
(Imputation conditions)

Item response status Recipient group 1a Recipient group 2b Recipient group 3c

2015 2017 2019 Recipients Donors Recipients Donors Recipients Donors
Y Y Y   X   X   X
N Y Y       X   X
Y N Y           X
N N Y           X
Y Y N X          
N Y N     X      
Y N N         X  
N N N         X  

N = did not report; Y = reported; X = included.

a Recipient group 1 included item nonrespondents in 2019 who responded to the item in 2015 and 2017. 
b Recipient group 2 included item nonrespondents in 2019 who did not respond to the item in 2015 but responded in 2017. 
c Recipient group 3 included all the other item nonrespondents in 2019. They did not respond to the item in 2017, irrespective of their item response status in 2015.

Note(s):
Item nonresponse in 2015 and 2017 was due to item nonresponse or having yet to be sampled into the survey.

2.2.2 Random Imputation

For a given item,

Recipient group 1 included item nonrespondents in 2019 who responded to the item in 2015 and 2017. The item for 
these recipients was imputed using values reported by item respondents in 2019 who responded to the item in 2015 
and 2017 as well (referred to as donor pool 1).

Recipient group 2 included item nonrespondents in 2019 who did not respond to the item in 2015 (due to item 
nonresponse or having yet to be sampled into the survey) but responded in 2017. The item for these recipients was 
imputed using values reported by item respondents in 2019 who responded to the item in 2017 as well, regardless of 
their item response status in 2015 (referred to as donor pool 2). It should be noted that donor pool 2 contains all 
donors in donor pool 1.

Recipient group 3 included all the other item nonrespondents in 2019. They did not respond to the item in 2017 (due 
to item nonresponse or having yet to be sampled into the survey), irrespective of their item response status in 2015. 
The item for these recipients was imputed using values reported by any item respondents in 2019, regardless of their 
item response status in either 2017 or 2015 (referred to as donor pool 3). It should be noted that donor pool 3 
contains all donors in donor pool 2.

○

○

○

Second, by updating the class and sort variables. A variable for the time of doctorate award (prior to July 2013, July 2013 
to June 2015, and July 2015 to June 2017) was introduced. Also, for most of the items for recipient groups 1 and 2, 
location in or outside of the United States from 2015, 2017, or both years; working for pay or profit during the reference 
week from 2015, 2017, or both years; and the variable to be imputed from 2015, 2017, or both years were used in the 
imputation process systematically. These new variables were introduced as class variables whenever possible or placed 
as early as possible in the list of sort variables to respect the longitudinal pattern. For recipient group 3, the class and sort 
variables from the original imputation were used.

●

Most of the missing values in questionnaire section A were re-imputed using hot deck imputation. However, the random 
imputation5 was retained for the most and second-most important reasons for taking a postdoc position and for working 
outside the field of highest degree since these items required significant manual work and are not key longitudinal survey 
items.
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2.2.3 Creating and Assembling Variables for the 2019 SDR Re-Imputation

2.3 Evaluation of New Imputation Method in Cross-Sectional File

2.3.1 Marginal Distribution

Since primary and secondary work activities are items of particular interest longitudinally, an alternative approach was 
implemented for their re-imputation using two steps of the hot deck method:

1. First, the primary and secondary work activities were imputed using hot deck with the indicators for individual work 
activities from the 2019 cycle and primary and secondary work activities from 2017 or 2015 as sort variables. The first 
step of this imputation imputed the majority of missing items appropriately. However, a fraction of the imputed values 
were invalid (e.g., a primary activity that is not an activity the individual performs was imputed).

2. Second, for those cases with invalid imputed values, the primary and secondary work activities were imputed one case at 
a time using hot deck from a smaller pool of donors. Given the recipient's individual work activity items, the donor pool 
included only cases with plausible values for primary and secondary work activities. The number of matched work activity 
items between each recipient and each of its potential donors was used as a sort variable to find a similar case. For 
example, suppose the recipient's work activities are basic research, computing programming, and managing or 
supervising people or projects (i.e., the response is “Yes” to those three individual work activity items). In this case, the 
donor pool includes only respondents whose primary work activity is one of the three activities, and the donor is selected 
from among cases with the largest number of matched individual work activity items.

The result was that the longitudinal relationships were able to be preserved where possible while also imputing the variable 
set more efficiently.

In order to redo the 2019 SDR imputation for questionnaire section A, several variables were accumulated to define the new 
class and sort variables. In general, to be used as a class or sort variable for a different survey item, a variable had to have 
been imputed prior to the imputation of the item considered. The complete list of SDR SAS variable names corresponding to 
survey questions is available in the annotated survey questionnaire.

The SDR variables from past cycles were also used as class and sort variables for the continuing cohort. A prefix of “L_” was 
added to the variable name to indicate 2017 past SDR variables, and a prefix of “L2_” was added to the variable name to 
indicate 2015 past SDR variables. As mentioned earlier, they, along with some other variables, were used as class variables 
whenever possible or placed as early as possible in the list of sort variables to maintain the longitudinal pattern.

Otherwise, the imputation implementation (e.g., imputation order, imputation flag creation) largely followed the original 2019 
imputation implementation.

Re-imputed data using the new approach were compared to the published 2019 SDR data generated using the original 
approach. The comparison involved an examination of the post-imputation distributions of variables (both marginal and 
conditional on the longitudinal information) and estimates, focusing on a subset of the data tables. This section provides a 
summary of the results from these comparisons. A comprehensive set of results from the analyses will be presented in the 
final report.

To evaluate whether the new approach changes the marginal distribution in the cross-sectional file, the marginal distribution 
of each of the 108 newly imputed variables were examined with two sets of tests.
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Table 2. Probability of the primary work activity being the same as a specific work activity, given that the individual is performing the 
specific activity
(Percent)

Work activity

Conditional probability for primary working activity

Reported

Imputed

Existing approach Proposed approach

01: Accounting, finance, contracts 4.19 3.00 8.02
02: Basic research 26.06 23.71 24.74
03: Applied research 34.19 39.18 32.16
04: Development 18.30 16.33 20.83
05: Design of equipment, processes, structures, models 8.54 5.73 9.35
06: Computer programming, systems/applications, development 17.78 14.36 17.40
07: Employee relations (recruiting, personnel development, training) 3.08 2.92 6.13
08: Managing or supervising people or projects 24.11 39.68 26.32
09: Production, operations, maintenance (e.g., truck driver) 9.21 3.78 16.58
10: Professional services 42.29 27.09 42.57
11: Sales, purchasing, marketing 11.39 7.24 15.20
12: Quality or productivity management 5.77 3.80 7.53
13: Teaching 42.31 44.54 44.45
14: Other work activity 24.08 14.34 27.57

Note(s):
Survey respondents mark Yes or No for each work activity. Among the reported work activities, one is reported as the primary work activity. When an individual is 
engaged in a particular work activity (reported or imputed), the probability of the primary work activities being imputed to that same activity can be estimated and 
presented in the table as the conditional probability.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients: Longitudinal Data: 2015–19.

Goodness-of-fit chi-square tests (unweighted and weighted), treating the distribution using the existing approach as fixed, 
were used to detect differences in the post-imputation marginal distribution between two versions of each variable: one 
using the existing approach and the other using the proposed approach, both overall and by frame source (2015, 2017, 2019). 
Continuous variables were grouped into five quintiles. It should be noted that these tests are more liberal than those that 
account for the uncertainty of the estimated distribution based on the existing approach. Any significant differences detected 
by these tests may not be significant if more conservative tests were performed.

Out of the 108 newly imputed variables, the newly imputed primary and secondary work activities exhibited statistically 
significant differences when compared with variables imputed using the current approach. Although these differences are 
relatively small, the updated imputation method used for the primary and secondary variables aligns their joint distribution 
more closely with individual work activity variables, as noted in section 2.3.2 Conditional Distribution on Reported 
Longitudinal Information. Specifically, given that an individual is engaged in a particular work activity (reported or imputed), 
the probability of the primary and secondary work activities being imputed to that same activity is now closer to the 
probabilities derived from reported values (e.g., proportion of respondents with primary work activities in managing or 
supervising people or projects given the respondent answered Yes to that individual work activity item). Table 2 presents 
these probabilities for each of the 14 individual work activities, demonstrating the closer alignment in the newly imputed 
primary work activities, specifically for applied research, managing or supervising people or projects, professional services, 
and other work activities.

For the other variables, utilizing the proposed imputation approach based on data from previous cycles did not result in 
significant differences in marginal distribution for the 2019 data. This suggests that the proposed imputation approach 
produces data that are comparable to the published 2019 SDR data in terms of marginal distribution.
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2.3.2 Conditional Distribution on Reported Longitudinal Information
The distributions of the newly imputed variables were further examined by conditioning on the reported longitudinal 
information. This comparison includes only individuals who responded to a particular item in the previous two cycles, 2015 
and 2017.

Similar to the tests in section 2.3.1 Marginal Distribution, goodness-of-fit chi-square tests were performed to detect any 
differences in post-imputation distributions. This resulted in no significant differences, largely because not many cases 
responded to a particular item in past cycles and did not respond to it in 2019. In addition, any new patterns introduced by 
imputation were examined. Over the 108 variables, on average, the percentage of new patterns not observed in reported data 
but introduced by imputation decreased from 5% to less than 1%.
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3. Methods: Longitudinal Imputation

3.1 Overview of Imputation Approach

Table 3. Sample cases, by response status in the longitudinal sample of the Survey of Doctorate Recipients: 2015–19
(Number)

Response status

Frame case (number)

Longitudinal sample

2015 2017 2019 Count (number) Imputation required

R R R 45,798 27,733  
R R NR/UE 11,176 6,187 2019 data
R R IE 139 81  
R NR/UE R 3,076 2,251 2017 data
R IE UE 3 2  
R IE IE 145 145  

Total 60,337 36,399  

IE = ineligible for inclusion; NR = did not respond; R = responded; UE = unknown eligibility.

Note(s):
For each survey year, response status of each sample case is determined and recorded.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients: Longitudinal Data: 2015–19.

For the 2015–19 LSDR data file, the longitudinal imputation was limited to imputing missing years of data and incorporated 
the data from previous cycles in a systematic manner (see section 3.1 Overview of Imputation Approach for details). 
However, the cross-sectional SDR data, both the respondent-provided values and the imputed values, were used regardless of 
the source of the data, and the cross-sectional imputation did not systematically utilize the longitudinal information for the 
2017 and 2019 cycles.

For the longitudinal imputation research, the 2019 SDR cross-sectional file created through the new imputation approach was 
used while the general longitudinal imputation approach remained the same. Thus, the imputation approaches in the cross- 
sectional and longitudinal imputation processes were consistent for the 2019 cycle.

Section 3.1 Overview of Imputation Approach provides an overview of the longitudinal imputation approach. The newly re- 
imputed variables from section A of the questionnaire from SDR 2019 were compared with the existing 2015–19 LSDR data 
created based on the published 2019 SDR cross-sectional data.

Out of the 40,148 cases in the 2015–25 LSDR panel, 36,399 individuals who responded at least once after 2015 or were 
found to be ineligible in both 2017 and 2019 were included in the LSDR 2015–19 file. Table 3 shows the composition of the 
sample cases by the response statuses for three SDR cycles (2015, 2017, and 2019), along with the number of cases that 
need imputation for the last two cycles (2017 and 2019). In general, the LSDR 2015–19 data file used the 2017 cross- 
sectional SDR data for the 2017 respondents regardless of the source of the data (the respondent-provided values or the 
imputed values). Similarly, the 2019 cross-sectional SDR data was used for the 2019 respondents. However, as shown in 
table 3, a total of 8,438 cases required imputation for all the variables for a missing survey cycle on the LSDR files: 6,187 
cases for 2019 data and 2,251 cases for 2017 data.

The donor pool consisted of 45,798 individuals who responded in 2017 and 2019 after responding in 2015. Their respondent- 
provided or imputed values were used in the longitudinal imputation.
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Table 4. Imputation blocks of variables to be imputed together in the Survey of Doctorate Recipients
(Variable)

Block description Variables

Critical key outcome

Location (1 variable)
Employment status; indicator for looking for work; labor force status (3 variables)
Principal employer type; indicator of educational institution; education institution type (3 variables)
Employer sector (detailed codes, summary codes: 2 variables)

Occupation code Job code for principal job (minor group, major group: 2 variables)
State or country for employer State or country code for employer (1 variable)
Working weeks, hours Weeks worked at principal job; principal job full-time or part-time status  (2 variables)
Retirement status Retirement status (1 variable)
Never worked Indicator for never working (1 variable)
Faculty or tenure related Faculty rank; tenure status (3 variables)
Tenure year Tenure year (1 variable)
Salary Basic annual salary on your principal job, before deductions (1 variable)
Government support Federal government support indicator (1 variable)
Earning Total earned income before deductions in previous year (1 variable)
Postdoc appointment Principal job postdoc indicator (1 variable)
Work related to highest 
degree

Extent that principal job is related to highest degree; reason for working outside field of highest degree: suitable 
job not available (2 variables)

Work activity Primary and secondary work activities (2 variables)
Family Marital status indicator; children living in household indicator (all ages: 2 variables) 
Citizen Citizenship or visa status (1 variable)
Disability status Disability status (1 variable)

Source(s):
2019 Survey of Doctorate Recipients questionnaire.

Some of the 32 variables in the LSDR file (see appendix B for the list of variables) were grouped to be imputed together. 
Variables in a block shared the same set of class or sort variables, and one donor was used to impute all the variables in a 
block for a cycle missing case. Table 4 lists the imputation blocks. It should be noted that the imputation is conducted in the 
presented order in a given cycle.

Similar to the cross-sectional imputation, hot deck imputation was used. Ratio imputation was implemented for three 
continuous variables: salary (annualized), total earned income before deductions in previous year, and tenure year.

Each imputation block included the following variables (or their recoded variables) as class or sort variables in the presented 
order:

Key outcome variables: Location, labor force status, employer sector, and broad primary occupation code of the two 
responding cycles before the variables are imputed or of all three cycles after the variables are imputed; and

Target domain variables: Years since the PhD award in 2015, sex, broad field of degree, and race and ethnicity from the 
2015 SDR data set.

●

●
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Class variables included as many key outcome variables as possible, and the rest of the key outcome variables were used as 
sort variables. In most of the blocks, the variables in the other two cycles corresponding to the variables to be imputed (e.g. 
the corresponding 2015 and 2019 variables for imputing a 2017 variable) along with other related variables were placed 
between the key outcome variables and the target domain variables. This was done to account for the variables’ patterns 
across cycles. For example,

Class variable Sort variable

Location in 2015

Location in 2019

Labor force status in 2015

Labor force status in 2019

Employer sector in 2015 (categorized)

Employer sector in 2019 (categorized)

Job occupation group in 2015 (major)

Job occupation group in 2019 (major)

Years since PhD in 2015

Sex in 2015

U.S. doctorate major group in 2015

Multi-race in 2015 (categorized)

 

Note: Items with asterisks are the newly added class or sort variables. Items in italics are related to location.

Class variable Sort variable

Location in 2015

Location in 2017*

Location in 2019

Labor force status in 2015

Labor force status in 2017*

Labor force status in 2019

Employer sector in 2015 (categorized)

Employer sector in 2017 (categorized)*

Employer sector in 2019 (categorized)

Job occupation group in 2015 (major)

Job occupation group in 2019 (major)

Years since PhD in 2015

Sex in 2015

U.S. doctorate major group in 2015

Multi-race in 2015 (categorized)

First, the class and sort variables for SDR 2017 critical key outcome variables—2017 location (inside or outside of the 
United States) through 2017 employer sector (detailed codes)—will be imputed with the following class and sort 
variables:

●

Then, the 2017 occupation codes—job code for principal job (minor group and major group)—will be imputed with the 
following class and sort variables:

●
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3.2 Evaluation of New Cross-Sectional Imputation Method in Longitudinal File

 

Note: Items with asterisks are the newly added class or sort variables. Items in italics are related to location, and items in 
bold are related to jobs.

Class variable Sort variable

Location in 2015

Location in 2017*

Location in 2019

Labor force status in 2015

Labor force status in 2017*

Labor force status in 2019

Employer sector in 2015 (categorized)

Employer sector in 2017 (categorized)*

Employer sector in 2019 (categorized)

Job occupation group in 2015 (major)

Job occupation group in 2017 (major)*

Job occupation group in 2019 (major)

Principal job full time or part time in 2015*

Principal job full time or part time in 2019*

Weeks worked at principal job in 2015*

Weeks worked at principal job in 2019*

Years since PhD in 2015

Sex in 2015

U.S. doctorate major group in 2015

Multi-race in 2015 (categorized)

Afterwards, the number of weeks working in a year and full-time and part-time status for the SDR 2017 will be imputed 
with the following class and sort variables:

●

The longitudinal estimates calculated using the newly imputed longitudinal data were examined and compared with 
estimates using the existing longitudinal data. For example, for the employment sector variables, the proportions of 
doctorate recipients who have not changed their employment sector in the last three cycles were compared by various 
domains (data table 1-B6), based on all cases using the existing imputation approach, cases using the new imputation 
approach, and only reported cases, respectively. Although the changes are subtle, the estimates under the new imputation 
approach were closer on average to the estimates based on only reported cases than those under the existing imputation 
approach. The newly imputed longitudinal data had fewer combinations that were not observed in the reported data.
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4. Summary and Recommendations

Longitudinal surveys offer insights that cross-sectional surveys cannot, such as the ability to track outcomes over time and 
assess the potential impacts of policy changes. However, longitudinal data are more complex by design. Particularly, in 
imputation for longitudinal surveys, it is critical to preserve temporal patterns in addition to accurately predicting missing 
data at a given time. Through NCSES’s SDR, which produces both cross-sectional and longitudinal data and imputes missing 
data through two processes—one for cross-sectional files and the other for longitudinal files—the research summarized in 
this working paper studied the effects of the systematic usage of information from past cycles in both processes.

Systematically incorporating longitudinal information in imputation for the cross-sectional files did not affect the overall 
distributions of the variables marginally or conditionally in the 2019 cross-sectional file when comparing them to the variable 
distributions using the existing imputation approach. However, the research findings indicate that the proposed approach 
slightly reduced the chance of creating new longitudinal patterns when compared with the existing approach. In the 
longitudinal file, the distribution of changes using the new approach was slightly closer to the distribution using the reported 
values than the distribution using the existing approach.

This research implemented an alternative imputation approach for primary and secondary work activities to enhance 
efficiency and effectiveness of the process. Instead of a random imputation method, the alternative is a two-step approach 
based on the hot deck imputation. The first step incorporates each of the individual work activity variables and primary and 
secondary work activities reported in the past cycles if available as sort variables, which imputes most of the missing cases. 
The second step iterates individually through each of a small number of cases that the first step could not successfully 
impute and imputes the variables by forming a donor pool with valid cases given the combination of individual work activities 
the respondent performs. This modification shifted the distributions of these variables among imputed cases closer to the 
distributions among reported cases.

Although implementing the new approaches for both the cross-sectional and longitudinal imputation required some 
additional effort, the processes are similar to the original approaches and were not overly burdensome to execute. Given this, 
although differences in overall distributions of the imputed variables between the existing and new imputation approaches 
were small, future SDR data processing cycles should consider:

This research demonstrated potential gains in data quality and efficiency of survey data processing when applying a unified 
approach that fully utilizes reported longitudinal data patterns for both cross-sectional and longitudinal imputation. Future 
work that includes a comprehensive evaluation of results and estimating variance that account for imputation is 
recommended before a full implementation.

Replacing the random imputation approach with the hot deck approach for primary and secondary variables, such as 
reasons for taking a postdoc position, reasons for working in an area outside the field of first U.S. doctoral degree, 
working activities, and reasons for taking work-related training; and

Adopting the unified approach presented in this research—consistently maintaining longitudinal information when 
imputing both cross-sectionally and longitudinally—ensures that temporal patterns will be preserved to the extent 
possible among key outcomes in the SDR.

●

●
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Notes

1 For sample cases who were included in the LSDR 2015–19 and did not complete the 2017 SDR form or the 2019 SDR form, 
hot deck imputation was conducted to impute all variables in a selected set of 32 critical items.

2 Item response statistics are summarized in the SDR 2019 technical notes at https://ncses.nsf.gov/pubs/ 
nsf21320#technical-notes.

3 Imputation donors that exceeded the use limit will be excluded from the list of available donors so that the response data 
from a donor is not used more than three times.

4 Serpentine sorting for hot deck imputation is described in details in https://support.sas.com/resources/papers/ 
proceedings-archive/SUGI95/Sugi-95-182%20Carlson%20Cox%20Bandeh.pdf.

5 For these missing items, the most and second-most important reasons were imputed by a simple random selection from 
the subset of reported reasons.

6 See NCSES 2022: data table 1-B at https://ncses.nsf.gov/pubs/nsf22326/table/1-B.

https://ncses.nsf.gov/pubs/nsf21320#technical-notes
https://support.sas.com/resources/papers/proceedings-archive/SUGI95/Sugi-95-182%20Carlson%20Cox%20Bandeh.pdf
https://ncses.nsf.gov/pubs/nsf22326/table/1-B
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Appendix A: List of Re-Imputed Questionnaire Section A 
Items

Table Appendix-A. List of re-imputed questionnaire section A items
(Variable)

Survey item ID Variable name Variable description

A03.1 NWRET Reasons for not working: retired
A03.1YY NWRTYR Reasons for not working: retired year
A03.2 NWLAY Reasons for not working: layoff
A03.3 NWSTU Reasons for not working: student
A03.4 NWFAM Reasons for not working: family responsibilities
A03.5 NWILL Reasons for not working: illness or disability
A03.6 NWOCNA Reasons for not working: suitable job not available
A03.7 NWNOND Reasons for not working: did not need or want to work
A03.8 NWOT Reasons for not working: other
A04.MM LWMN Month last worked
A04.YY LWYR Year last worked
A08 FTPRET Previously retired
A08.YY FTPRTYR Year previously retired
SYSTEM EMST State or country code for employer
A11 EMSIZE Employer size
A12 NEWBUS New business
A13 NEDTP Employer type (not taking into account if it was an educational institution)
A14 EMED Indicator for educational institution employer
A15 EDTP Type of educational institution employer
A16.1 ACADPRES Academic position: president, provost, or chancellor
A16.2 ACADDEAN Academic position: dean
A16.3 ACADRCHF Academic position: research faculty
A16.4 ACADTCHF Academic position: teaching faculty
A16.5 ACADADJF Academic position: adjunct faculty
A16.6 ACADPDOC Academic position: postdoc
A16.7 ACADRA Academic position: research assistant
A16.8 ACADTA Academic position: teaching assistant
A16.9 ACADOTHR Academic position: other
A17 FACRANK Faculty rank
A18 TENSTA Tenure status
A18.YY TENYR Tenure year

A22.1 MGRNAT Job required technical expertise at the bachelor's level or higher: engineering, computer science, math, or the 
natural sciences

A22.2 MGRSOC Job required technical expertise at the bachelor's level or higher: social sciences
A22.3 MGROTH Job required technical expertise at the bachelor's level or higher: other fields (e.g. health or business)
A23 PDIX Principal job postdoc indicator
A24.1 PDTRAIN Reason for taking postdoc: additional training in PhD field
A24.2 PDTROUT Reason for taking postdoc: training in area outside PhD field
A24.3 PDPERPL Reason for taking postdoc: work with specific person or place
A24.4 PDEMPL Reason for taking postdoc: other employment not available
A24.5 PDEXPECT Reason for taking postdoc: generally expected in field
A24.6 PDOTHER Reason for taking postdoc: other
A26.MM STRTMN Month principal job started
A26.YY STRTYR Year principal job started
A27 OCEDRLP Extent that principal job is related to highest degree
A28.1 NRPAY Reason for working outside field of highest degree: pay or promotion
A28.2 NRCON Reason for working outside field of highest degree: working conditions
A28.3 NRLOC Reason for working outside field of highest degree: job location
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Table Appendix-A. List of re-imputed questionnaire section A items
(Variable)

Survey item ID Variable name Variable description

A28.4 NRCHG Reason for working outside field of highest degree: career change
A28.5 NRFAM Reason for working outside field of highest degree: family-related reasons
A28.6 NROCNA Reason for working outside field of highest degree: suitable job not available
A28.7 NROT Reason for working outside field of highest degree: other
A30.01 WAACC Work activity on principal job (10% indicator): accounting, finance, contracts
A30.02 WABRSH Work activity on principal job (10% indicator): basic research
A30.03 WAAPRSH Work activity on principal job (10% indicator): applied research
A30.04 WADEV Work activity on principal job (10% indicator): development
A30.05 WADSN Work activity on principal job (10% indicator): design
A30.06 WACOM Work activity on principal job (10% indicator): computer applications
A30.07 WAEMRL Work activity on principal job (10% indicator): human resources
A30.08 WAMGMT Work activity on principal job (10% indicator): managing or supervising people or project
A30.09 WAPROD Work activity on principal job (10% indicator): production, operations, maintenance
A30.10 WASVC Work activity on principal job (10% indicator): professional services
A30.11 WASALE Work activity on principal job (10% indicator): sales, purchasing, marketing
A30.12 WAQM Work activity on principal job (10% indicator): quality or productivity management
A30.13 WATEA Work activity on principal job (10% indicator): teaching
A30.14 WAOT Work activity on principal job (10% indicator): other
A31.1 WAPRI Work activity spent most hours on in principal job
A31.2 WASEC Work activity spent second most hours on in principal job
A32 SUPWK Supervised others in principal job indicator
A33.1 SUPDIR Number of people supervised directly
A33.2 SUPIND Number of people supervised through subordinates
A34.1 SATSAL Satisfaction principal job salary
A34.2 SATBEN Satisfaction principal job benefits
A34.3 SATSEC Satisfaction principal job's job security
A34.4 SATLOC Satisfaction principal job's job location
A34.5 SATADV Satisfaction principal job's opportunities for advancement
A34.6 SATCHAL Satisfaction principal job's intellectual challenge
A34.7 SATRESP Satisfaction principal job's level of responsibility
A34.8 SATIND Satisfaction principal job's degree of independence
A34.9 SATSOC Satisfaction principal job's contribution to society
A35 JOBSATIS Job satisfaction
A36 SALARY Salary (annualized)
A37 WKSYR Indicator for working 52 weeks per year
A37.WKS WKSLYR Number of weeks worked per year if less than 52 weeks
A38 HRSWK Principal job: hours per week typically worked
A39 PJWTFT Want to work full time on principal job indicator
A40.1 PJRET Reason worked part time: previously or semiretired
A40.2 PJSTU Reason worked part time: student
A40.3 PJFAM Reason worked part time: family responsibilities
A40.4 PJOCNA Reason worked part time: full-time job not available
A40.5 PJHAJ Reason worked part time: held another job
A40.6 PJNOND Reason worked part time: did not need or want to work full time
A40.7 PJOT Reason worked part time: other
A40A_YEAR_RET PJRETYR Reason worked part time: previously or semiretired year
A41.1 JOBINS Available benefits: health insurance
A41.2 JOBPENS Available benefits: pension or retirement plan
A41.3 JOBPROFT Available benefits: profit-sharing plan
A41.4 JOBVAC Available benefits: paid vacation, sick, or personal days
A42 GOVSUP Federal government support indicator
A43.01 FSDOD Federal agency supporting work: Department of Defense
A43.02 FSDED Federal agency supporting work: Department of Education
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Table Appendix-A. List of re-imputed questionnaire section A items
(Variable)

Survey item ID Variable name Variable description

A43.03 FSDOE Federal agency supporting work: Department of Energy
A43.04 FSNIH Federal agency supporting work: National Institutes of Health
A43.05 FSHHS Federal agency supporting work: Department of Health and Human Services
A43.06 FSNASA Federal agency supporting work: National Aeronautics and Space Administration
A43.07 FSNSF Federal agency supporting work: National Science Foundation
A43.08 FSOT Federal agency supporting work: other
A43.09 FSDK Federal agency supporting work: agency unknown
A44 EARN Total earned income before deductions in previous year

Source(s):
2019 Survey of Doctorate Recipients questionnaire.
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Appendix B: List of Variables on LSDR 2015–19

Table Appendix-B. List of variables on the Survey of Doctorate Recipients, Longitudinal Data: 2015–19
(Variable)

Survey item ID Variable name Variable description

A1 WRKG Working status
A2 LOOKWK Looking for work
A3.1 NWRET Not working reason: retired

  LFSTAT Labor force status
A4.NEVER LWNVR Never worked
A13 NEDTP Principal employer type
A14 EMED Indicator of educational institution
A15 EDTP Education institution type

  EMSECDT Employer sector (detailed codes)
  EMSECSM Employer sector (summary codes)
  EMST State or country code for employer
  N2OCPRNG Job code for principal job (minor group)
  N2OCPRMG Job code for principal job (major group)

A23 PDIX Principal job postdoc indicator
A27 OCEDRLP Extent that principal job is related to highest degree
A28.6 NROCNA Reason for working outside field of highest degree: suitable job not available
A31.1 WAPRI Work activity occupied most hours
A31.2 WASEC Work activity occupied second-most hours
A17 FACRANK Faculty rank
A18 TENSTA Tenure status
A18.YY TENYR Tenure year

  TENI Tenure status indicator
A36 SALARY Basic annual salary on your principal job, before deductions

  WKSWK Principal job salary: weeks per year basis
  WKFTPT Full-time or part-time status

A44 EARN Total earned income before deductions in previous year
A42 GOVSUP Federal government support indicator

  MARIND Marital status indicator
E4 CHLVIN Children living in household indicator (all ages)

  CTZN Citizenship or visa status
  HCAPIN Disability status
  FNINUS Location (in the United States or out of the United States)

Note(s):
Survey item ID is not applicable for recode variables.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients: Longitudinal Data: 2015–19.
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