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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). Any opinions, findings, conclusions, or recommendations expressed in this
working paper do not necessarily reflect the views of the National Science Foundation (NSF). This working paper has been
released to inform interested parties of ongoing research or activities and to encourage further discussion of the topic
and is not considered to contain official government statistics.

This research was completed while Dr. Fritz was on academic leave from the University of Nebraska—Lincoln and
participating in the NCSES Research Ambassador Program (formerly the Data Analysis and Statistics Research Program)
administered by the Oak Ridge Institute for Science and Education (ORISE) and Oak Ridge Associate Universities (ORAU).
Any opinions, findings, conclusions, or recommendations expressed in this working paper are solely the authors’ and do
not necessarily reflect the views of NCSES, NSF, ORISE, or ORAU.
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Abstract

Previous applications of person-centered approaches to investigate job satisfaction and job importance using the Survey
of Doctorate Recipients (SDR) have focused on describing cross-sectional relations between these variables within a
collection cycle. The working paper presented here expands this previous research to explore whether (and if so, how)
doctoral degree recipients transition between job satisfaction classes over time using latent transition analysis. The
results show that more than half of the doctoral degree recipients in the sample transitioned to a different job satisfaction
class at some point during the 2015, 2017, and 2019 SDR cycles. Notably, among respondents who transitioned to a new
job satisfaction class between the 2015 and 2017 surveys, those who reported in 2015 being very satisfied with their
current job’s level of independence, challenge, and responsibility but only moderately satisfied with their job’s salary and
benefits in 2015 were most likely to report being only somewhat satisfied with all factors of their current job at the 2017
cycle. In addition, individuals who reported being only somewhat satisfied with all factors of their current job in 2017 and
transitioned to a new job satisfaction class in 2019 were more than twice as likely to report being dissatisfied with their
opportunities for advancement at the 2019 cycle than being very satisfied with all factors of their job in 2019. This finding
indicates a potential pathway by which individuals who were initially very satisfied with at least some factors of their
current job become dissatisfied. The results also showed that the probability of changing job satisfaction classes differed
depending on an individual’s job importance class membership, employment sector, and self-reported race and ethnicity.
Conclusions based on these results, as well as limitations and future directions for this research, are discussed.



National Center for Science and Engineering Statistics | NCSES 23-213 5

Introduction

Background

The working paper presented here is the third in a series of working papers (Fritz 2022a, 2022b) that has used person-
centered approaches to model job importance and job satisfaction for doctoral degree recipients using the Survey of
Doctorate Recipients (SDR; NCSES 2021). This series of working papers serves two purposes. First, it provides insight into
what is fueling the growing trend for academic science, technology, engineering, and mathematics (STEM) researchers to
transition to nonacademic careers (Ruiz Castro, Van der Heijden, and Henderson 2020). An engaged and productive cadre
of academic STEM researchers is vital to the health of a country’s science and engineering enterprise, not just to train the
next generation of scientists and engineers but also to increase scientific knowledge and promote innovation through
basic research, applied research, and university-industry collaborations (Kaloudis et al. 2019). A better understanding of
the job factors that academic STEM researchers value, their satisfaction with each of these factors in their academic jobs,
and how these two constructs relate and change over time could help identify the tipping point at which a researcher
decides to leave academia. This scenario in turn would allow universities to intervene to potentially mitigate or reverse
this so called “academic brain drain” (Odhiambo 2013).

The second purpose of this working paper series is to illustrate how person-centered approaches, which may be
unfamiliar to researchers of the science and engineering enterprise and the science and engineering workforce, can reveal
relationships and trends in data that more traditional variable-centered approaches cannot. Variable-centered approaches,
such as analysis of variance and multiple regression, are designed to test for differences between observed groups (e.g.,
degree area) on a specific variable or to model the relationship between two continuous variables when controlling for
other variables. In contrast, person-centered approaches, such as latent class analysis (LCA; see Fritz 2022a for more
information), are designed to discover unobservable groups based upon patterns of responses to a set of variables.
Because attitudes and beliefs such as job satisfaction are multifaceted, often measured using multiple survey questions,
and can change over time, person-centered approaches offer several advantages over variable-centered approaches when
exploring how job satisfaction and job importance are related over time.

Fritz (2022a) conducted an LCA of doctoral degree recipients’ ratings of the importance of and their satisfaction with nine
job factors using the 2017 SDR cycle data (NCSES 2019). The results suggested that doctoral recipients belonged to one
of five job importance classes: (1) Everything Is Very Important, (2) Challenge and Independence are More Important than
Salary and Benefits, (3) Benefits and Salary Are More Important than Responsibility, (4) Everything Is Somewhat Important,
and (5) Advancement, Security, and Benefits Are Unimportant and one of five job satisfaction classes (1) Very Satisfied
with Independence, Challenge, and Responsibility, (2) Very Satisfied with Everything, (3) Very Satisfied with Benefits, (4)
Dissatisfied with Opportunities for Advancement, and (5) Somewhat Satisfied with Everything. Further analysis found small
but potentially important differences in class membership based on self-reported race and ethnicity, age and years since
doctorate, employment sector, and workforce status as well as a general lack of concordance between job importance
class and job satisfaction class. Fritz (2022b) then extended these results by showing that the five-class LCA solutions for
job importance and job satisfaction found in the 2017 SDR cycle replicated in the 2015 and 2019 SDR cycles.

As noted in Fritz (2022b), the replication provides strong evidence that the same job importance and job satisfaction
classes exist at all three SDR waves. The replication does not, however, directly test any specific longitudinal hypotheses
such as whether class membership is stable over time or, if not, how doctorate recipients transition between classes.
Given the goal of identifying what motivates an academic researcher to leave academia, the primary focus of the working
paper presented here is to extend the results of the prior working papers to determine who is most likely to transition into
the Dissatisfied with Opportunities for Advancement class. A secondary goal is to examine whether job importance class
membership or participant characteristics, such as employment sector, influence these transitions.
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This working paper extends the results from Fritz (20223, 2022b) in three important ways. First, this working paper uses
latent transition analysis (LTA) to determine the level of stability of the latent job satisfaction and job importance classes
over time and, for those who transition to different classes, the likelihood of transitioning to a specific class at the next
SDR cycle. Second, this working paper uses associative LTA (ALTA) to test whether the likelihood of transitioning between
job satisfaction classes differs based on job importance class membership. Finally, this working paper uses LTA with
covariates to explore whether the likelihood of transitioning to a different job satisfaction class depends on one or more
of a participant’s demographic characteristics.
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Methods

Data

The data for this working paper come from the restricted-use microdata files for the 2015, 2017, and 2019 cycles of the
SDR (NCSES 2018, 2019, 2021, respectively). Because this paper focuses on examining change between cycles (and
because the 2019 cycle dropped individuals who did not respond to both the 2015 and 2017 cycles while adding 14,564
individuals who were eligible but not selected for the 2015 cycle), the decision was made to include only individuals who
completed the 2015 cycle questionnaire. Inclusion criteria for the 2015 SDR cycle included a completed doctoral research
degree from a U.S. academic institution prior to 1 July 2013, being less than 76 years of age on 1 February 2015, and not
being institutionalized or terminally ill at the time of data collection.

Participants

A total of 78,286 doctoral recipients completed the job importance questions for the 2015 SDR cycle, with 88.5% (n =
69,317) also completing the job importance questions for the 2017 or 2019 cycle and 65.6% (n = 51,383) completing the
job importance questions for all three cycles. As shown in table 1, the majority of participants identified as male (60.1%),
White (63.0%), and as not having a physical disability (90.5%) during the 2015 cycle. The participants were also
predominately between the ages of 30 and 59 (71.7%), held a doctoral degree in a science field (78.5%), and were living in
the United States during the week of 1 February 2015 (86.7%). Only SDR participants who were employed the week of data
collection were asked about their job satisfaction. In total, 89.8% (n = 70,303) of the 2015 SDR cycle participants
completed the job satisfaction questions at least once during the 2015, 2017, and 2019 cycles. Of those 70,303, 59.6% (n
= 41,932) completed the job satisfaction questions for all three cycles, 25.7% (n = 18,041) completed the job satisfaction
questions for two of the cycles, and the remaining 14.7% (n = 10,330) completed the job satisfaction questions for a
single cycle.

TABLE 1

Survey of Doctorate Recipients participant characteristics: 2015

(Number and percent)

Characteristic Frequency % (n = 78,286)
Gender
Male 47,071 60.1
Female 31,215 39.9
Physical disability
No 70,842 90.5
Yes 7,444 9.5
Race or ethnicity
Asian 16,473 21.0
Black 4,345 5.6
Hispanic 6,424 8.2
White 49,353 63.0
Other 1,691 2.2
Age
Under 30 807 1.0
30-39 19,743 25.2
40-49 18,725 23.9
50-59 17,687 22.6
60-69 14,934 19.1

Over 70 6,390 8.2
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TABLE 1

Survey of Doctorate Recipients participant characteristics: 2015

(Number and percent)

Characteristic Frequency % (n = 78,286)
Degree focus
Science 61,423 78.5
Engineering 13,240 16.9
Health 3,623 4.6
Living in the United States
No 10,392 13.3
Yes 67,894 86.7
Workforce status
Employed 68,572 87.6
Unemployed 1,281 1.6
Not in the workforce 8,433 10.8
Employment sector
Education 35,009 51.0
Government 7,043 10.3
Business and industry 26,520 38.7
Note(s):

The values presented here are provided for reference only because they are based on the reduced sample used for the current project and therefore
do not match the official values reported by the National Center for Science and Engineering Statistics. All participants who identified as Hispanic
were included in the Hispanic category, and only in the Hispanic category, regardless of whether they also identified with one or more of the racial
categories. The "other" category included individuals who identified as more than one race.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

Survey Questions

This working paper focuses on two SDR survey questions, C6 and A34. Question C6 asked participants to rate the
importance of the following nine job factors as “very important,” “somewhat important,” “somewhat unimportant,” or “not
important at all:” (1) salary, (2) benefits, (3) job security, (4) job location, (5) opportunities for advancement, (6) intellectual
challenge, (7) level of responsibility, (8) degree of independence, and (9) contribution to society. Question A34 asked
participants who reported being employed the week of data collection to rate their satisfaction with the same nine job
factors for their current job as “very satisfied,” “somewhat satisfied,” “somewhat dissatisfied,” or “very dissatisfied.” As in
the two preceding working papers (Fritz 2022a, 2022b), “somewhat unimportant” and “not important at all” were combined
into a single “unimportant” category and “somewhat dissatisfied” and “very dissatisfied” were combined into a single
“dissatisfied” category, resulting in three response options for each question. Estimated population frequencies for the
three-response data for the 2015, 2017, and 2019 cycles are shown in Fritz 2022b: table 2.

" u

"nu
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Analyses and Software

Note that this section contains a detailed description of the statistical models and software used in this analysis. Readers
less interested in this technical information may wish to examine images 1 and 2, and then skip to the Results section.

Image 1.

B.

Three-wave latent transition analysis models for
(A.) job satisfaction and (B.) job importance.
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Associative latent transition analysis models:

(A.) Three-wave cross-lagged model for satisfaction and importance,
(B.) Flaherty's (2008) threewave ALTA model with satisfaction as the
outcome variable and importance as the predictor variable, and
(C.) 2015-2017 ALTA model with importance predicting satisfaction
transitions.

Note: Solid arrows represent direct effects and dashed arrows
represent moderating effects.

10
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Latent Transition Analysis

The main form of analysis used for the current working paper is LTA, which extends the cross-sectional LCA model to
allow individuals to transition between classes across time. Specifically, this paper extends the five-class, three-response
LCA model for the nine job factors found by Fritz (2022a, 2022b)

5
P(Y = Ta=ri)
( y Z Ve H H J,rj\c
c=1 Jj=1r;=1
(1)
to allow individuals to transition between latent classes for the 2015, 2017, and 2019 SDR cycles such that
o S‘S‘S‘ IIIIII I(yjs=rjt)
P(Y - y 70157-617|015TC19|017 P] Tgt\Ct
615—1 Ci7—= 1019 1 t= 1] 17‘]t—
)

where yc15 is the probability of membership in a specific class in 2015 (i.e., class prevalence in 2015), T¢17/c15 is the
probability of being a member of a specific class in 2017 given membership in a specific class in 2015 (i.e., class
transition probability for 2015 to 2017), T¢79/c77 is the probability of being a member of a specific class in 2019 given
membership in a specific class in 2017 (i.e., class transition probability for 2017 to 2019), and pj; it is the probability of a
participant rating job factor j as response option r at cycle t given their membership in a specific class ¢ at cycle t (i.e.,
item-response probability). The three-wave LTAs for job satisfaction and job importance (modeled separately) are
illustrated in image 1. For more information on the LCA and LTA mathematical models, see Fritz (2022a, 2022b) or Collins
and Lanza (2010).

Although Fritz (2022b) found that the five-class LCA solutions for job importance and job satisfaction for the 2017 SDR
cycle replicated in the 2015 and 2019 cycles, there was some slight variability in the item-response probabilities across
cycles. This variability is likely due to sampling error but could complicate the interpretations of the transition probabilities
in the LTA models. In order to ensure the latent classes are identical across cycles, Collins and Lanza (2010) recommend
imposing longitudinal measurement invariance, which is achieved by freely estimating the item-response probabilities
using the data at all measurement occasions simultaneously while constraining the time-specific item-response
probabilities (i.e., pjr;tct) to be equal across measurement occasions. The transition probabilities are not constrained to
be equal across time, however, as differences in the 2017 to 2019 transition probabilities compared to the 2015 to 2017
transition probabilities are of theoretical interest. Collins and Lanza also recommend handling missing data in LTA
models using full information maximum likelihood, which allows cases with missing observations (e.g., someone who
participated in the 2015 and 2019 cycles but not the 2017 cycle) to still contribute information to the final model. The
decision was also made not to include the SDR sampling weights in any of the LTA models based on four factors:

e alack of clarity with regard to the competing recommendations for which sampling weights should be used for
longitudinal models when separate weights are calculated for each cycle (or even whether sampling weights should be
used at all in regression models),

e the available computational resources for fitting these very computationally intensive models (more on this in the next
section),

e adesire to be conservative with regard to both the generalizability of the findings and the type | error rates for
statistical tests of significance in a very large sample, and
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e exploratory LTA models fit with sampling weights being similar to the final models that did not include sampling
weights.

As a result, the findings presented here describe the sample and should not necessarily be generalized to the population.

Associative Latent Transition Analysis

In addition to understanding how participants transition between classes for a single discrete process, this working paper
seeks to determine whether participant characteristics, such as job importance class or employment sector, can predict
transitions in job satisfaction class. Modeling two or more discrete, latent processes simultaneously as well as the
interrelations between those processes can be accomplished using ALTA (Bray, Lanza, and Collins 2010; Flaherty 2008).
There is a temptation to treat the ALTA models, which are loglinear models with latent variables (Hagenaars 1993), as
simply latent variable versions of autoregressive panel models. For example, combining the separate LTA models for job
importance and job satisfaction in image 1 and adding lags and cross-lags between variables at will, such as in the cross-
lagged ALTA model shown in image 2, part A. This approach has two challenges, however. First, the LTA model for a
single process is a complex model on its own and becomes multiplicatively more intricate when examining the relations
between multiple processes. This point is emphasized when attempting to fit a cross-lagged ALTA model using all three
cycles of the SDR data, as the model would not run from the computational requirements to estimate the model
exceeding those available. Second and more importantly, the question is not whether job importance class at one cycle
predicts job satisfaction class at the next cycle or vice versa, but whether job importance class can predict the probability
of transitioning between job satisfaction classes across time. In other words, there may be an interaction between job
satisfaction and job importance such that the job satisfaction transition probabilities differ by job importance class.

To test whether there is an interaction, Flaherty (2008) describes an ALTA model where one of the latent class variables is
designated as the outcome variable D and the other represents the predictor C. Each measurement of D is then regressed
onto C at the same measurement occasion, both C and D at the previous measurement occasion, and the interaction
between C and D at the previous measurement occasion. Using Collins and Lanza’s (2010) notation, the equation for
Flaherty's ALTA model with T waves of data is as follows:

Ci D Cr Dr )
_ yl,j:"'j
P(Y=y)=> > D > b H H P fondh
c1=1d;=1 cr=1dr=1 Jj=1lr;=
T
[1(440 i T2
Ct\Ct 1,dt 177dt’ct 1,Ct,dt 1 ,J,T]’Ct,dt
t=2 J=1r;=1

®3)

where a7 is the probability of belonging to a specific class of C at the first measurement occasion, Bg1/c7 is the probability
of belonging to a specific class of D at the first measurement occasion conditional on membership in a specific class of C
at the first measurement occasion, €cct-1,4t-7 IS the probability of belonging to a specific class of C at measurement
occasion t conditional on membership in specific classes of C and D at measurement occasion t = 1, Nat/ct-1,ctdt-1 iS the
probability of belonging to a specific class of D at measurement occasion t conditional on membership in specific classes
of C and D at measurement occasion t — 1 and C at measurement occasion t, and p is the measurement occasion-specific
item-response probabilities. As desired, this model will output separate matrices of transition probabilities for D for each
class of C. Image 2, part B shows Flaherty’s general ALTA model with job satisfaction as the dependent variable and job
importance as the predictor with the solid arrows representing the main effects and the dashed arrows representing the
interaction terms.
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Given the computational resource issues encountered with attempting to fit the three-wave cross-lagged ALTA model, two
separate two-wave ALTA models were estimated, one for the 2015 to 2017 cycle transitions and a second for the 2017 to
2019 transitions, with job importance at the second wave not included. Note that by fixing the item-response probabilities
for job satisfaction and job importance to the values found in their respective individual LTA models, the impact of
estimating these models separately should be minimal. The two-wave 2015 to 2017 ALTA model is shown in image 2, part
C and described by the following equation:

) 5 5 )
5 B 5 D 5 A I(y15,5=r;
P(Y y e e e aCImp15IBdSat15|C]mp15 H H 157],T]|clmp157d5at15 X

Crmp15=1 dgat15=1 dgat17=1 Jj=1r;=1

9 3
I(y17,j=r;)
Ndsa117|dsat15,Crmp1s 17, 3,7l dsat17
:]_ :

(4)

As noted by Flaherty (2008), this simplified version of the ALTA model can be estimated by setting a series of constraints
to remove specific unwanted effects from the model.

An advantage of conceptualizing the ALTA model in this way is that because equations 3 and 4 are just a set of
simultaneously estimated multinomial logistic regressions, the model with the interaction terms constrained to be zero
(i.e., without the dashed arrow) is nested within the model in which the interaction terms are freely estimated (i.e., with the
dashed arrow), so the difference in model fit between these two models can be tested statistically and acts as an
omnibus test of the interaction terms. Because the fit of multinomial logistic regression models requires a scaled (i.e.,
mean-adjusted) chi-square, testing the difference in fit requires a Satorra-Bentler chi-square difference test for scaled chi-
squares (Satorra and Bentler 2010) given as

Xasg = —2(Lo — Ly1)/sa, where sa = (poso — p151)/(Po — p1)
(5)

Lo is the loglikelihood of the model with the interaction terms constrained to be zero, L7 is the loglikelihood of the model
with the interaction terms freely estimated, sy is the scaling correction for the constrained model, s is the scaling
correction for the unconstrained model, pg is the number of parameters in the constrained model, and p; is the number of
parameters in the unconstrained model. The significance of ¥2asg is determined by comparing this value to a chi-square
distribution with degrees of freedom equal to the number of parameters associated with the interaction terms (i.e., p7 —
po; Agresti 2013).

Latent Transition Analysis with Covariates

Another advantage of fitting the model in image 2, part C is that the impact of manifest covariates, such as gender or
employment sector, on the job satisfaction transitions can be examined simply by replacing job importance class with the
desired covariate. Based on this scenario, separate two-wave ALTA models were fit to investigate the effects of gender,
physical disability, race and ethnicity, degree area, U.S. residency at the time of data collection, and employment sector on
the transitions for job satisfaction class.
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Software

The restricted-use microdata files for the 2015, 2017, and 2019 SDR cycles were accessed through the NORC Data
Enclave (NORC at the University of Chicago 2016). SAS version 9.4 was used to merge the data for the separate cycles
and to compute descriptive statistics. All LTA and ALTA models were estimated with Mplus 8.7 using the default
estimator for the MIXTURE command (maximum likelihood with robust standard errors; MLR) and 200 random starts, 100
of which were carried through all three estimation stages (STARTS ARE 200 100 100). The nine job factors were treated
as ordered categorical variables using the CATEGORICAL command and missing data were addressed using full
information maximum likelihood; as recommended by Mplus, the observed demographic variables (e.g., gender) were
included in the ALTA models using the KNOWNCLASS command. The ALTA models were specified by regressing job
satisfaction class at the second wave on both job satisfaction class and the predictor variable at the first wave as well as
regressing job satisfaction class at the first wave on the predictor variable at the first wave in the OVERALL model
statement to generate the main effects. Job satisfaction at the second wave was then regressed on job satisfaction at the
first wave within the specific model statements for g — 1 of the predictor variable’s g levels to generate the interaction
terms.
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Results

15

Latent Transition Analysis: Job Importance

The three-wave, five-class LTA for job importance had high stability with 94 of the 100 random starts taken to completion
returning the best solution (aBIC = 2,555,337.238) and an entropy of 0.758. The item-response probabilities and class
prevalences, shown in table 2, are similar to those from Fritz (2022b: table 4) and resulted in the same five job importance
classes: (1) Everything Is Very Important, (2) Challenge and Independence Are More Important than Salary and Benefits, (3)
Benefits and Salary Are More Important than Responsibility, (4) Everything Is Somewhat Important, and (5) Advancement,
Security, and Benefits Are Unimportant. Note that because the item-response probabilities were constrained to be equal

across cycles, only one set of values is reported.

TABLE 2

Item-response probabilities for the five-class job importance latent transition analysis solution with three response options: 2015,

2017, and 2019
(Percent and probability)

Class (prevalence: 2015, 2017, 2019)
Class 1 (26.6,27.9, 27.8%): Everything Is Very Important

Salary

Benefits

Security

Location

Opportunities

Challenge

Responsibility

Independence

Contribution

Class 2 (28.6, 26.2, 25.8%): Challenge and Independence Are More Important than Salary and
Benefits

Salary
Benefits
Security
Location
Opportunities
Challenge
Responsibility
Independence
Contribution
Class 3 (23.6, 23.6, 24.5%): Benefits and Salary Are More Important than Responsibility
Salary
Benefits
Security
Location
Opportunities
Challenge
Responsibility
Independence
Contribution
Class 4 (13.5, 13.4, 12.5%): Everything Is Somewhat Important

Very
important

0.886
0.961
0.899
0.753
0.796
0.990
0.861
0.954
0.868

0.159
0.253
0.369
0.525
0.386
0.964
0.609
0.879
0.739

0.806
0.894
0.761
0.553
0.320
0.510
0.124
0.482
0.339

Response

Somewhat important  Unimportant

0.113
0.034
0.092
0.228
0.176
0.010
0.133
0.045
0.121

0.818
0.711
0.567
0.428
0.526
0.036
0.373
0.119
0.243

0.192
0.103
0.225
0.401
0.572
0.462
0.757
0.479
0.559

0.001
0.004
0.009
0.019
0.028
0.000
0.006
0.000
0.011

0.024
0.036
0.064
0.047
0.087
0.000
0.018
0.002
0.017

0.002
0.003
0.015
0.046
0.108
0.028
0.119
0.039
0.102
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TABLE 2

Item-response probabilities for the five-class job importance latent transition analysis solution with three response options: 2015,
2017, and 2019

(Percent and probability)

Response
Very
Class (prevalence: 2015, 2017, 2019) important  Somewhat important Unimportant
Salary 0.108 0.873 0.019
Benefits 0.103 0.862 0.035
Security 0.219 0.723 0.058
Location 0.389 0.554 0.058
Opportunities 0.108 0.710 0.182
Challenge 0.341 0.634 0.025
Responsibility 0.025 0.828 0.147
Independence 0.274 0.675 0.051
Contribution 0.217 0.695 0.088
Class 5 (7.7, 8.9, 9.5%): Advancement, Security, and Benefits Are Unimportant
Salary 0.175 0.432 0.393
Benefits 0.108 0.267 0.624
Security 0.088 0.223 0.689
Location 0.563 0.248 0.189
Opportunities 0.072 0.160 0.768
Challenge 0.663 0.231 0.106
Responsibility 0.290 0.366 0.344
Independence 0.630 0.246 0.123
Contribution 0.543 0.296 0.161
Note(s):

Item-response probabilities were estimated simultaneously using the 2015, 2017, and 2019 Survey of Doctorate Recipients cycles but were
constrained to be equal across cycles. Rows may not sum to 1.000 due to rounding. Response probabilities greater than or equal to 0.500 are
considered salient and are represented in bold. Response probabilities more than twice as large as the next-largest probability in a row are
highlighted in blue.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

The class transition probabilities were not constrained to be equal, so there are two sets of transition probabilities for job
importance, as shown in table 3—one set for 2015 to 2017 and a second set for 2017 to 2019. Given that the largest
difference between the 2015 to 2017 and 2017 to 2019 sets is 0.032, however, only the 2015 to 2017 transition
probabilities are interpreted here. In interpreting the 2015 to 2017 transition probabilities, there are three issues to
consider. First, the transition probabilities on the main diagonal, highlighted in bold, represent the probabilities of being in
the same classes in 2017 as in 2015 (i.e., not transitioning to a new class), which is why they are often referred to as class
stability parameters. Second, if there is absolutely no relationship between job importance class membership in both 2015
and 2017, then all of the transition probabilities should be equal to one out of five or 0.200. Third, Mplus provides
statistical tests of whether the probability of transitioning to a specific class is different than the probability of staying in
the same class (i.e., comparing the class stability parameter to each of the other transition probabilities in the same row).
Mplus does not, however, provide statistical tests of whether any of the transition probabilities differ from 0.200 or from
any of the other transition probabilities in the table, so any other differences of note will be discussed descriptively, not
statistically.
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TABLE 3

Transition probabilities for the five-class job importance latent transition analysis: 2015, 2017, and 2019
(Probability)

2017
Everything Is Very Challenge over Benefits over Everything Is Somewhat Advancement Is

2015 Important (Class 1) | Salary (Class 2) |Independence (Class 3)  Important (Class 4) Unimportant (Class 5)
Everything Is Very
Important (Class 1) 0.727 0.110 0.125 0.023 0.014
Challenge over Salary
(Class 2) 0.137 0.678 0.059 0.068 0.058
Benefits over
Independence (Class 3) 0.157 0.055 0.682 0.087 0.019
Everything Is Somewhat
Important (Class 4) 0.055 0.120 0.172 0.601 0.052
Advancement Is
Unimportant (Class 5) 0.029 0.128 0.024 0.083 0.737

2019

Benefits over
Everything Is Very Challenge over Independence (Class | Everything Is Somewhat Advancement Is
2017 Important (Class 1) Salary (Class 2) 3) Important (Class 4) Unimportant (Class 5)

Everything Is Very
Important (Class 1) 0.721 0.113 0.128 0.022 0.016
Challenge over Salary
(Class 2) 0.125 0.710 0.052 0.057 0.056
Benefits over
Independence (Class 3) 0.139 0.056 0.713 0.072 0.020
Everything Is Somewhat
Important (Class 4) 0.057 0.117 0.170 0.599 0.057
Advancement Is
Unimportant (Class 5) 0.037 0.132 0.046 0.069 0.715

SDR = Survey of Doctorate Recipients.

Note(s):

Transition probabilities in this table represent the probability of belonging to a specific job importance class at a given SDR cycle (column)
conditional on belonging to a specific job importance class at the previous SDR cycle (row). Transition probabilities on the main diagonal represent
the probability of being in the same class at both SDR cycles (i.e., class stability parameters) and are highlighted in bold. Rows may not sum to
1.000 due to rounding.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

All of the 2015 to 2017 transition probabilities differ statistically from the class stability parameter in the same row,
meaning that individuals in each job importance class are most likely to remain in their 2015 class in 2017. Using Fritz
2022a: table 8, which provides differences in proportions for different effect sizes based on Cohen’s (1988) h, the class
stability parameters exceed 0.200 by more than 0.378, meaning the probability of an individual being in the same class in
2017 as they were in 2015 is a large effect. That said, there is considerable movement between classes over time—
between 26.3% and 39.9% of a class’s 2015 membership transitioned to a new class in 2017, which is a medium to large
effect. These class stability values are similar to those found in other LTA studies such as Bray, Lanza, and Collins (2010),
who found class stability parameters that ranged from 0.520 to 0.791 for alcohol use classes.

In investigating the probabilities of transitioning to new classes in 2017 (i.e., the off-diagonal transition probabilities), the
smaller transition probabilities are in many ways more informative than the larger ones. For example, members of the
Everything Is Very Important class in 2015 have only a 1.4% probability of transitioning to the Advancement, Security, and
Benefits Are Unimportant class and only a 2.3% probability of transitioning to the Everything is Somewhat Important class
in 2017, compared with 11.0% and 12.5% probabilities of transitioning to the Challenge and Independence Are More
Important than Salary and Benefits class and the Benefits and Salary Are More Important than Responsibility class,
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respectively. Using Fritz 2022a: table 8, these are small effects. However, a member of the Everything Is Very Important
class in 2015 who transitions to a new class in 2017 is approximately four and a half (Class 2 vs. Class 4) to nine times
(Class 3 vs. Class 5) as likely to transition to a class that still considers at least some of the job factors as very important
than a class that does not consider any of the factors to be very important.

Looking at the other rows in table 3, members of the Challenge and Independence Are More Important than Salary and
Benefits class in 2015 who transition are more than twice as likely to move to the Everything Is Very Important class than
any of the other classes. Members of the Benefits and Salary Are More Important than Responsibility class in 2015 who
transition have a 15.7% probability of moving to the Everything Is Very Important class in 2017 but only a 1.9% chance of
transitioning to the Advancement, Security, and Benefits Are Unimportant class. Members of the Everything Is Somewhat
Important class in 2015 who transition are approximately two to three times more likely to move to one of the classes that
rates some of the job factors as very important in 2017 (Classes 2 and 3), compared with the class that rates all of the job
factors as very important or any of the job factors as unimportant (Classes 1 and 5). Finally, members of the
Advancement, Security, and Benefits Are Unimportant class in 2015 who transition are most likely to move to the Challenge
and Independence Are More Important than Salary and Benefits class and least likely to move to the Benefits and Salary Are
More Important than Responsibility class, compared with moving to any of the other classes.

Latent Transition Analysis: Job Satisfaction

The three-wave, five-class LTA for job satisfaction had good stability with 71 of the 100 random starts returning the best
solution (aBIC = 2,527,810.164) and an entropy of 0.726, although both were lower than for the job importance LTA. As
with job importance, the job satisfaction item-response probabilities and class prevalences, shown in table 4, matched
closely to those from the LCAs conducted by Fritz (2022b: table 6) and resulted in the same five job satisfaction classes:
(1) Very Satisfied with Independence, Challenge, and Responsibility, (2) Very Satisfied with Everything, (3) Very Satisfied with
Benefits, (4) Dissatisfied with Opportunities for Advancement, and (5) Somewhat Satisfied with Everything.

TABLE 4

Item-response probabilities for the five-class job satisfaction latent transition analysis solution with three response options: 2015,
2017, and 2019

(Percent and probability)

Response
Class (prevalence: 2015, 2017, 2019) Very satisfied Somewhat satisfied | Dissatisfied
Class 1(28.2, 27.3, 25.8%): Very Satisfied with Independence, Challenge, and Responsibility
Salary 0.101 0.609 0.291
Benefits 0.219 0.552 0.229
Security 0.464 0.358 0.178
Location 0.604 0.295 0.101
Opportunities 0.253 0.521 0.225
Challenge 0.830 0.161 0.009
Responsibility 0.796 0.193 0.011
Independence 0.890 0.100 0.011
Contribution 0.768 0.214 0.017
Class 2 (22.2, 23.5, 25.5%): Very Satisfied with Everything
Salary 0.766 0.227 0.008
Benefits 0.845 0.137 0.018
Security 0.842 0.138 0.020
Location 0.815 0.155 0.030
Opportunities 0.734 0.251 0.015
Challenge 0.962 0.037 0.001

Responsibility 0.975 0.024 0.001
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TABLE 4

Item-response probabilities for the five-class job satisfaction latent transition analysis solution with three response options: 2015,
2017, and 2019

(Percent and probability)

Response
Class (prevalence: 2015, 2017, 2019) Very satisfied Somewhat satisfied | Dissatisfied
Independence 0.952 0.045 0.002
Contribution 0.877 0.116 0.007
Class 3 (16.0, 17.0, 17.8%): Very Satisfied with Benefits
Salary 0.585 0.396 0.019
Benefits 0.787 0.205 0.008
Security 0.631 0.283 0.086
Location 0.594 0.300 0.106
Opportunities 0.146 0.610 0.244
Challenge 0.351 0.552 0.097
Responsibility 0.355 0.579 0.065
Independence 0.564 0.366 0.070
Contribution 0.428 0.483 0.089
Class 4 (17.6, 15.8, 15.4%): Dissatisfied with Opportunities for Advancement
Salary 0.092 0.388 0.519
Benefits 0.192 0.434 0.374
Security 0.200 0.342 0.457
Location 0.349 0.354 0.297
Opportunities 0.010 0.130 0.861
Challenge 0.094 0.369 0.536
Responsibility 0.049 0.461 0.490
Independence 0.252 0.412 0.336
Contribution 0.200 0.464 0.337
Class 5 (15.9, 16.4, 15.5%): Somewhat Satisfied with Everything
Salary 0.034 0.755 0.211
Benefits 0.100 0.762 0.137
Security 0.269 0.610 0.122
Location 0.325 0.539 0.136
Opportunities 0.023 0.678 0.299
Challenge 0.117 0.811 0.072
Responsibility 0.044 0.911 0.044
Independence 0.311 0.646 0.042
Contribution 0.229 0.722 0.049
Note(s):

ltem-response probabilities were estimated simultaneously using the 2015, 2017, and 2019 Survey of Doctorate Recipients cycles but were
constrained to be equal across cycles. Rows may not sum to 1.000 due to rounding. Response probabilities greater than or equal to 0.500 are
considered salient and are represented in bold. Response probabilities more than twice as large as the next-largest probability in a row are
highlighted in blue.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

The class transition probabilities for job satisfaction are shown in table 5. As with job importance, the two sets of
transition probabilities were quite similar (the largest difference was 0.033), so the interpretation will focus on the 2015 to
2017 transition probabilities. Also similar to the job importance transition probabilities, all of the 2015 to 2017 job
satisfaction transition probabilities were statistically different than the class stability parameter in the same row. Again,
these were all large effects and indicated that the most likely class membership for doctoral recipients in 2017 was the
job satisfaction class to which they belonged in 2015. However, a slightly larger range of individuals transitioned to new
classes, with between 24.1% and 40.3% of 2015 class members transitioning to a new class in 2017.



National Center for Science and Engineering Statistics | NCSES 23-213 20

TABLE 5
Transition probabilities for the five-class job satisfaction latent transition analysis: 2015, 2017, and 2019
(Probability)

2017

Somewhat Satisfied
Very Satisfied with Very Satisfied with | Very Satisfied with Dissatisfied with with Everything (Class

2015 Independence (Class 1) = Everything (Class 2) = Benefits (Class 3) A Advancement (Class 4) 5)

Very Satisfied with

Independence (Class 1) 0.705 0.085 0.031 0.069 0.109
Very Satisfied with

Everything (Class 2) 0.079 0.759 0.112 0.014 0.036
Very Satisfied with

Benefits (Class 3) 0.033 0.166 0.694 0.053 0.054
Dissatisfied with

Advancement (Class 4) 0.134 0.042 0.082 0.617 0.126

Somewhat Satisfied
with Everything (Class

5) 0.170 0.052 0.068 0.113 0.597
2019
Somewhat Satisfied
Very Satisfied with Very Satisfied with | Very Satisfied with Dissatisfied with with Everything (Class
2017 Independence (Class 1) | Everything (Class 2) = Benefits (Class 3) | Advancement (Class 4) 5)

Very Satisfied with
Independence (Class 1) 0.704 0.099 0.024 0.069 0.104
Very Satisfied with
Everything (Class 2) 0.060 0.792 0.106 0.015 0.028
Very Satisfied with
Benefits (Class 3) 0.030 0.163 0.697 0.061 0.050
Dissatisfied with
Advancement (Class 4) 0.123 0.035 0.093 0.644 0.105
Somewhat Satisfied
with Everything (Class
5) 0.168 0.052 0.080 0.118 0.581

SDR = Survey of Doctorate Recipients.

Note(s):

Transition probabilities in this table represent the probability of belonging to a specific job satisfaction class at a given SDR cycle (column)
conditional on belonging to a specific job satisfaction class at the previous SDR cycle (row). Transition probabilities on the main diagonal represent
the probability of being in the same class at both SDR cycles (i.e., class stability parameters) and are highlighted in bold. Rows may not sum to
1.000 due to rounding.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

Investigating the off-diagonal transition probabilities, it is interesting how members of the Dissatisfied with Opportunities
for Advancement and the Somewhat Satisfied with Everything classes in 2015 transition compared with members of the
other three classes. Individuals who transitioned into the Very Satisfied with Everything class in 2017 were approximately
three to four times as likely to have been members of the Very Satisfied with Benefits class (0.166) in 2015, compared with
the Somewhat Satisfied with Everything (0.052) or Dissatisfied with Opportunities for Advancement classes (0.042). The
opposite effect was seen for individuals who transitioned to the Very Satisfied with Independence, Challenge, and
Responsibility class who were more likely than the other two classes (Classes 2 and 3) to come from the Somewhat
Satisfied with Everything (0.170) or Dissatisfied with Opportunities for Advancement classes (0.134).
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Perhaps the most notable results are that individuals who transitioned into the Dissatisfied with Opportunities for
Advancement class were more likely to belong to the Somewhat Satisfied with Everything class (0.113) in 2015 than to any
of the other classes, whereas individuals who transitioned into the Somewhat Satisfied with Everything class were almost
equally likely to have been members of the Very Satisfied with Independence, Challenge, and Responsibility class (0.109) or
the Dissatisfied with Opportunities for Advancement class (0.126) in 2015. These results mean that individuals who
transitioned into the dissatisfied class in 2017 were more likely to have transitioned from a class where they reported not
being very satisfied with any of the nine job factors in their job in 2015 than a class where members were very satisfied
with at least one job factors. It also means that the Somewhat Satisfied with Everything class is potentially an important
intermediate step between belonging to one of the three classes whose members were very satisfied with at least some
of the factors of their current job (Classes 1, 2, and 3) and the dissatisfied class (Class 5). That is, individuals who
transitioned to the Somewhat Satisfied with Everything class in 2017 were more than twice as likely to then transition to
the Dissatisfied with Opportunities for Advancement class in 2019 (0.118) than to transition to the Very Satisfied with
Everything class (0.052).

Associative Latent Transition Analysis Model

The 2015 to 2017 ALTA model for job satisfaction with job importance class at 2015 predicting the transitions (image 2,
part C) produced five separate sets of 25 job satisfaction class transition probabilities as shown in table 6. As with the
previous LTA results, the main diagonal of the transition probability matrix for each 2015 job importance class is the class
stability parameters (in bold), and the off-diagonals are the probabilities of transitioning to specific job satisfaction
classes in 2017 (columns) given membership in both a specific job satisfaction classes in 2015 (rows) and a specific
2015 job importance class. The chi-squared difference test between the model with the interaction terms constrained to
be zero (Lg =-1451652.566, sg = 0.9981, pp = 60) and the model with the interaction terms freely estimated (L7 =
-1451580.136, s7 = 1.0000, p7 = 124) was statistically significant at the 0.001 level (XZASB(64) =144.602, p < 0.001). This
information means that one or more transition probabilities differ between job importance classes. Although the layout of
table 6 makes sense conceptually, the purpose of estimating this model is to examine differences in transition
probabilities for job satisfaction across the job importance classes. This scenario is more easily accomplished by
reordering the values in table 6 so that the corresponding rows of transition probabilities for each job importance class
are grouped together as in table 7. Note that the 2017 to 2019 ALTA model was also run, but the results were similar to
the results of the 2015 to 2017 model with an average difference in transition probabilities of only 0.021, although one
difference did exceed 0.10. Given the small average difference between the 2015 to 2017 and 2017 to 2019 ALTA models,
and the fact that the models were run separately so that the 2017 to 2019 model had more missing data due to attrition,
only the 2015 to 2017 model results are reported and interpreted.

TABLE 6
Transition probabilities for the 2015 to 2017 job satisfaction and job importance ALTA model by job importance class
(Probability)

2017 satisfaction class

Somewhat Satisfied
Very Satisfied with Very Satisfied with | Very Satisfied with Dissatisfied with with Everything (Class

2015 satisfaction class | Independence (Class 1) | Everything (Class 2) = Benefits (Class 3) A Advancement (Class 4) 5)
Importance Class 1: Everything Is Very Important

Very Satisfied with

Independence (Class 1) 0.684 0.091 0.026 0.070 0.128

Very Satisfied with

Everything (Class 2) 0.071 0.758 0.115 0.014 0.042

Very Satisfied with
Benefits (Class 3) 0.020 0.222 0.653 0.060 0.046
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TABLE 6

Transition probabilities for the 2015 to 2017 job satisfaction and job importance ALTA model by job importance class

(Probability)

2017 satisfaction class

Very Satisfied with Very Satisfied with = Very Satisfied with Dissatisfied with
2015 satisfaction class Independence (Class 1) | Everything (Class 2) | Benefits (Class 3) Advancement (Class 4)

Dissatisfied with

Advancement (Class 4) 0.155 0.062 0.064 0.585

Somewhat Satisfied with

Everything (Class 5) 0.195 0.057 0.044 0.157
Importance Class 2: Challenge and Independence Are More Important than Salary and Benefits

Very Satisfied with

Independence (Class 1) 0.728 0.088 0.029 0.065

Very Satisfied with

Everything (Class 2) 0.079 0.777 0.102 0.012

Very Satisfied with

Benefits (Class 3) 0.021 0.183 0.691 0.049

Dissatisfied with

Advancement (Class 4) 0.186 0.066 0.080 0.561

Somewhat Satisfied with

Everything (Class 5) 0.209 0.065 0.058 0.115

Importance Class 3: Benefits and Salary Are More Important than Responsibility
Very Satisfied with

Independence (Class 1) 0.692 0.050 0.027 0.095

Very Satisfied with

Everything (Class 2) 0.060 0.741 0.156 0.010

Very Satisfied with

Benefits (Class 3) 0.030 0.171 0.679 0.056

Dissatisfied with

Advancement (Class 4) 0.118 0.037 0.099 0.629

Somewhat Satisfied with

Everything (Class 5) 0.172 0.039 0.080 0.121
Importance Class 4: Everything Is Somewhat Important

Very Satisfied with

Independence (Class 1) 0.619 0.054 0.034 0.035

Very Satisfied with

Everything (Class 2) 0.053 0.734 0.114 0.015

Very Satisfied with

Benefits (Class 3) 0.035 0.135 0.755 0.030

Dissatisfied with

Advancement (Class 4) 0.077 0.020 0.068 0.660

Somewhat Satisfied with

Everything (Class 5) 0.156 0.059 0.074 0.075

Importance Class 5: Advancement, Security, and Benefits Are Unimportant
Very Satisfied with

Independence (Class 1) 0.763 0.112 0.006 0.058
Very Satisfied with

Everything (Class 2) 0.120 0.769 0.065 0.020
Very Satisfied with

Benefits (Class 3) 0.124 0.180 0.577 0.088
Dissatisfied with

Advancement (Class 4) 0.167 0.040 0.057 0.626
Somewhat Satisfied with

Everything (Class 5) 0.297 0.099 0.064 0.082

ALTA = associative latent transition analysis; SDR = Survey of Doctorate Recipients.

5)

22

Somewhat Satisfied
with Everything (Class

0.135

0.548

0.089

0.030

0.056

0.107

0.553

0.136

0.033

0.064

0.116

0.588

0.257

0.084

0.045

0.174

0.636

0.061

0.025

0.031

0.110

0.459
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Note(s):

Transition probabilities in this table represent the probability of belonging to a specific job satisfaction class at the 2017 SDR cycle (column)
conditional on belonging to a specific job satisfaction class at the 2015 SDR cycle (row), grouped by job importance class at the 2015 SDR cycle.
Class stability parameters are in bold. Rows may not sum to 1.000 due to rounding.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

Examining table 7, the primary pattern that emerges is a difference in the job satisfaction class stability parameters
between the Everything Is Somewhat Important class and the Advancement, Security, and Benefits Are Unimportant class.
For example, members of the Very Satisfied with Independence, Challenge, and Responsibility class in 2015 who were also
members of the Advancement, Security, and Benefits Are Unimportant class in 2015 were least likely to transition to a new
job satisfaction class in 2017 (0.763) compared to members of the Very Satisfied with Independence, Challenge, and
Responsibility class in 2015 who were also members of the Everything Is Somewhat Important class in 2015 were most
likely to transition to a different job satisfaction class in 2017 (0.619), a difference of 0.144 (highlighted in blue). Because
every person who transitions must move into a new class, the decreased stability for people who were very satisfied with
their independence and viewed all job factors as somewhat important means the probability of transitioning into one or
more of the other job satisfaction classes must increase. The results show exactly this case, with the probability of
members of the Very Satisfied with Independence, Challenge, and Responsibility class in 2015 who were also members of
the Everything Is Somewhat Important class in 2015 having a probability of transitioning to the Somewhat Satisfied with
Everything class in 2017 of 0.257. This scenario is over four times greater than for members of the Advancement, Security,
and Benefits Are Unimportant class (0.061) and over twice as high as for the entire sample (0.109). This effect is
especially important given the LTA results in table 5, which shows members of the Somewhat Satisfied with Everything
class who transitioned were most likely to transition to the Very Satisfied with Independence, Challenge, and Responsibility
and Dissatisfied with Opportunities for Advancement classes.

Similar but opposite effects are seen for two of the other 2015 job satisfaction classes. Members of the Very Satisfied
with Benefits and the Somewhat Satisfied with Everything classes in 2015 who were also members of the Advancement,
Security, and Benefits Are Unimportant class in 2015 were more likely to transition (stability estimates were 0.577 and
0.459, respectively) than were members of either of those two 2015 job satisfaction classes who were also members of
the Everything Is Somewhat Important class in 2015 (stability estimates were 0.755 and 0.636, respectively). Members of
the Very Satisfied with Benefits class in 2015 who were also members of the Advancement, Security, and Benefits Are
Unimportant class in 2015 were approximately four to six times more likely to transition to the Very Satisfied with
Independence, Challenge, and Responsibility class in 2017 (0.124) than to any other job satisfaction class. Members of the
Somewhat Satisfied with Everything class in 2015 who were also members of the Advancement, Security, and Benefits Are
Unimportant class in 2015 had an approximately one in three chance (0.297) of transitioning to the Very Satisfied with
Independence, Challenge, and Responsibility class in 2017, higher than transitioning to any other job satisfaction class.
What is even more remarkable, however, is that the class stability parameter for the somewhat satisfied individuals who
thought advancement was unimportant is the only one less than 0.500 (0.459) in table 7, meaning these were the only
doctorate recipients who were more likely to transition to a new job satisfaction class in 2017 than remain in their existing
2015 job satisfaction class.
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TABLE 7

24

Transition probabilities for the 2015 to 2017 job satisfaction and job importance ALTA model by 2015 job satisfaction class

(Probability)

2015 satisfaction class

Very Satisfied with
Independence,
Challenge, and
Responsibility (Class 1)

Very Satisfied with
Everything (Class 2)

Very Satisfied with
Benefits (Class 3)

Dissatisfied with
Advancement (Class 4)

Somewhat Satisfied with
Everything (Class 5)

Very Satisfied with
Independence
(Class 1)

0.684

0.728
0.692
0.619

0.763
0.705

0.071

0.079
0.060
0.053

0.120
0.079

0.020

0.021
0.030
0.035

0.124
0.033

0.155

0.186
0.118
0.077

0.167
0.134

0.195

2017 satisfaction class

Very Satisfied
with Everything
(Class 2)

0.091

0.088
0.050
0.054

0.112
0.085

0.758

0.777
0.741
0.734

0.769
0.759

0.222

0.183
0.171
0.135

0.180
0.166

0.062

0.066
0.037
0.020

0.040
0.042

0.057

Very Satisfied
with Benefits
(Class 3)

0.026

0.029
0.027
0.034

0.006
0.031

0.115

0.102
0.156
0.114

0.065
0.112

0.653

0.691
0.679
0.755

0.577
0.694

0.064

0.080
0.099
0.068

0.057
0.082

0.044

Dissatisfied with
Advancement
(Class 4)

0.070

0.065
0.095
0.035

0.058
0.069

0.014

0.012
0.010
0.015

0.020
0.014

0.060

0.049
0.056
0.030

0.088
0.053

0.585

0.561
0.629
0.660

0.626
0.617

0.157

Somewhat
Satisfied with
Everything (Class
5)

0.128

0.089
0.136
0.257

0.061
0.109

0.042

0.030
0.033
0.084

0.025
0.036

0.046

0.056
0.064
0.045

0.031
0.054

0.135

0.107
0.116
0.174

0.110
0.126

0.548

2015 importance
class

Everything Is Very
Important
Challenge and
Independence Are
More Important
Salary and Benefits
Are More Important
Everything Is
Somewhat Important
Advancement Is
Unimportant
Entire sample
Everything Is Very
Important
Challenge and
Independence Are
More Important
Salary and Benefits
Are More Important
Everything Is
Somewhat Important
Advancement Is
Unimportant
Entire sample
Everything Is Very
Important
Challenge and
Independence Are
More Important
Salary and Benefits
Are More Important
Everything Is
Somewhat Important
Advancement Is
Unimportant
Entire sample
Everything Is Very
Important
Challenge and
Independence Are
More Important
Salary and Benefits
Are More Important
Everything Is
Somewhat Important
Advancement Is
Unimportant
Entire sample
Everything Is Very
Important
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TABLE 7

Transition probabilities for the 2015 to 2017 job satisfaction and job importance ALTA model by 2015 job satisfaction class
(Probability)

2017 satisfaction class

Somewhat
Very Satisfied with | Very Satisfied = Very Satisfied Dissatisfied with Satisfied with
Independence with Everything = with Benefits Advancement Everything (Class = 2015 importance
2015 satisfaction class (Class 1) (Class 2) (Class 3) (Class 4) 5) class
Challenge and
Independence Are
0.209 0.065 0.058 0.115 0.553  More Important
Salary and Benefits
0.172 0.039 0.080 0.121 0.588  Are More Important
Everything Is
0.156 0.059 0.074 0.075 0.636 Somewhat Important
Advancement Is
0.297 0.099 0.064 0.082 0.459 Unimportant
0.170 0.052 0.068 0.113 0.597 Entire sample

ALTA = associative latent transition analysis; SDR = Survey of Doctorate Recipients.

Note(s):

Transition probabilities in this table represent the probability of belonging to a specific job satisfaction class at the 2017 SDR cycle (column)
conditional on belonging to a specific job importance class at the 2015 SDR cycle (row), grouped by job satisfaction class at the 2015 SDR cycle.
The 2015 to 2017 transition probabilities for the entire sample from the job satisfaction latent transition analysis in table 5 are provided for
reference and highlighted in gray. Class stability parameters are in bold. Largest difference in class stability parameters for each 2015 satisfaction
class, except Class 2, and the corresponding opposite effect are highlighted in blue. Rows may not sum to 1.000 due to rounding.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

The largest difference in stability parameters for members of the Dissatisfied with Opportunities for Advancement class in
2015 is between the Challenge and Independence Are More Important than Salary and Benefits (0.561) and the Everything
Is Somewhat Important (0.660) classes, a difference of 0.099, which is just above the threshold for a small effect. The only
2015 satisfaction class for which job importance class membership seems to have no effect is the Very Satisfied with
Everything class, whose largest stability parameter difference is only 0.043 and therefore too small to be considered a
meaningful effect. However, this statistic could also be an artifact of this class having a higher percentage of rapid
responders (see Fritz 2022a for more information).

Latent Transition Analysis Models with Covariates

Given the similarities between the 2015 to 2017 and 2017 to 2019 ALTA model results for job importance and the issues
with attrition for the 2017 to 2019 model, only the impact of the covariates on the 2015 to 2017 job satisfaction class
transitions was investigated. The Satorra-Bentler chi-square difference tests were nonsignificant at the 0.001 level for
degree area (x%ass 32) = 53.002, p = 0.011), whether the doctoral recipient was living in the United States during the week
of 1 February 2015 (x24s8 (16) = 15.685, p = 0.475), and whether recipients identified as having a physical disability (X%asB
(16) = 30.950, p = 0.014). This scenario means that the probability of transitioning to a new job satisfaction class or
remaining in the same job satisfaction class between the 2015 and 2017 SDR cycles did not depend on these three
variables, so these results are not presented or discussed further. The Satorra-Bentler test for self-reported gender was
statistically significant (X2ASB(1 6) = 45.797, p < 0.001), but none of the interaction terms from the loglinear model reached
significance. In addition, an examination of the transition probabilities (not shown here) showed an average difference of
only 0.017 between males and females, with the largest being only 0.043, which fails to reach the level of a small effect.
Therefore, despite statistical significance, the interaction effect of gender is considered negligible and will not be
discussed further.
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Employment Sector

The Satorra-Bentler test for employment sector was statistically significant (x2ass 32) = 153.661,p < 0.001). The
significance of this test means that one or more job satisfaction class transition probabilities, shown in table 8, are
different depending on whether the doctoral recipient’s job in 2015 was in education, government, or business and
industry. Note that only doctoral recipients who were employed in 2015 were included in this model because Mplus will
not allow missing values on a covariate entered using the KNOWNCLASS statement, and these individuals do not provide
any information about change in job satisfaction class between 2015 and 2017 because they were not asked to complete
the job satisfaction questions for the 2015 SDR cycle. Although there are many differences in table 8, only three reach the
level of a small effect and, unlike job importance, none of the effects are related to the class stability parameters. Instead,
members of the Dissatisfied with Opportunities for Advancement or Somewhat Satisfied with Everything classes in 2015
who were also working in the education sector in 2015 were less likely to transition to the Very Satisfied with Benefits
class in 2017 (0.045 and 0.041, respectively), compared with members of those classes who worked in government
(0.148 and 0.096, respectively) or business and industry (0.109 and 0.104, respectively). In addition, members of the Very
Satisfied with Everything class in 2015 were less likely to transition to the Very Satisfied with Independence, Challenge, and
Responsibility class in 2017 if they worked in government in 2015 (0.034), compared with those who worked in business
and industry (0.087).

TABLE 8

Transition probabilities for the 2015 to 2017 job satisfaction LTA model with covariates for employment sector by 2015 job
satisfaction class

(Probability)

2017 satisfaction class

Somewhat
Very Satisfied with Very Satisfied = Very Satisfied Dissatisfied with Satisfied with 2015
Independence (Class = with Everything = with Benefits Advancement Everything (Class = employment
2015 satisfaction class 1) (Class 2) (Class 3) (Class 4) 5) sector
Very Satisfied with 0.715 0.078 0.023 0.064 0.120  Education
Independence, Challenge, 0.664 0.091 0.067 0.059 0.119  Government
?;d Responsibility (Class Business and
0.697 0.096 0.026 0.075 0.106 ' industry
0.705 0.085 0.031 0.069 0.109 Entire sample
Very Satisfied with 0.069 0.782 0.099 0.012 0.038  Education
Everything (Class 2) 0.034 0.778 0.152 0.011 0.026 = Government
Business and
0.087 0.741 0.118 0.015 0.039  industry
0.079 0.759 0.112 0.014 0.036 Entire sample
Very Satisfied with 0.023 0.207 0.686 0.035 0.048 Education
Benefits (Class 3) 0.032 0.157 0.694 0.062 0.055 Government
Business and
0.030 0.162 0.685 0.063 0.060 | industry
0.033 0.166 0.694 0.053 0.054 Entire sample
Dissatisfied with 0.154 0.046 0.045 0.628 0.127 ' Education
Advancement (Class 4) 0.100 0.053 0.148 0.586 0.114 | Government
Business and
0.123 0.045 0.109 0.583 0.139 ' industry
0.134 0.042 0.082 0.617 0.126 Entire sample
Somewhat Satisfied with 0.197 0.054 0.041 0.098 0.610 Education
Everything (Class 5) 0.187 0.031 0.096 0.128 0.558 Government
Business and
0.139 0.062 0.104 0.124 0.570 industry
0.170 0.052 0.068 0.113 0.597 Entire sample

LTA = latent transition analysis; SDR = Survey of Doctorate Recipients.
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Note(s):

Transition probabilities in this table represent the probability of belonging to a specific job satisfaction class at the 2017 SDR cycle (column)
conditional on belonging to a specific employment sector at the 2015 SDR cycle (row), grouped by 2015 job satisfaction class. The 2015 to 2017
transition probabilities for the entire sample from the job satisfaction LTA in table 5 are provided for reference and highlighted in gray. Class
stability parameters are in bold. Differences reaching the level of a small effect or larger are highlighted in blue. Rows may not sum to 1.000 due to
rounding.

Source(s):
National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.

Race and Ethnicity

The Satorra-Bentler test for self-reported race and ethnicity (x?ass (64) = 195.290, p < 0.001) was also statistically
significant. Examining the transition probabilities in table 9, numerous differences reach the level of a small effect. One
trend indicates that the same difference between participants who identified as Asian and those who identified as White
is seen for the members of the three job satisfaction classes who reported being very satisfied with at least one factor of
their current job. That is, members of the Very Satisfied with Independence, Challenge, and Responsibility class, the Very
Satisfied with Everything class, and the Very Satisfied with Benefits class in 2015 who identified as White were more likely
to remain in the same class in 2017 (0.731, 0.795, and 0.721, respectively) than members of those classes who identified
as Asian (0.641, 0.659, and 0.606, respectively). In turn, members of these three classes in 2015 who transitioned to new
classes in 2017 and identified as Asian were two to four times more likely to transition to the Somewhat Satisfied with
Everything class (0.198, 0.094, and 0.115, respectively), compared with members of those classes who identified as White
(0.094, 0.023, and 0.041, respectively). Doctorate recipients who identified as Asian and were members of the Dissatisfied
with Opportunities for Advancement class in 2015 who transitioned to a new job satisfaction class in 2017 also had the
highest probability of transitioning to the Somewhat Satisfied with Everything class (0.211) and the highest probability of
remaining in the Somewhat Satisfied with Everything class (0.646), compared with the other four race and ethnicity
categories. Although these are small effects, Fritz (2022a) also found that doctorate recipients who identified as Asian
made up a larger percentage of membership of the 2017 Somewhat Satisfied with Everything class (and Whites made up a
smaller percentage), compared with the other job satisfaction classes.

A second trend shown is the difference between doctorate recipients who identify as Asian, Black, Hispanic, and White,
compared with members of the “other” group. The largest difference in table 9, which reaches the level of a medium
effect, is that in the stability parameters for members of the Somewhat Satisfied with Everything class in 2015 who
identified as other (0.378) compared to those who identified as Asian (0.646), with the differences dropping to small
effects when comparing the other race and ethnicity category with the other three non-Asian race and ethnicity categories.
These statistics mean that persons who reported other race and ethnicity and were in the Somewhat Satisfied with
Everything class in 2015 had a 62.2% probability (i.e., 1 - 0.378) of transitioning to a new job satisfaction class in 2017,
with the highest probability of transitioning being to the Dissatisfied with Opportunities for Advancement class (0.210) and
a relatively small probability of transitioning to the Very Satisfied with Everything class (0.037). In addition, members of the
other race and ethnicity category who were members of the Very Satisfied with Benefits class in 2015 were most likely to
transition to a new class in 2017 (i.e., 1- 0.589 = 0.411) and members of the other race and ethnicity category who were
also members of the Very Satisfied with Everything class in 2015 were least likely to transition to the Very Satisfied with
Independence, Challenge, and Responsibility class in 2017 (0.023) than were members of the other four race and ethnicity
categories.
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TABLE 9

28

Transition probabilities for the 2015 to 2017 job satisfaction LTA model with covariates for race and ethnicity by 2015 job

satisfaction class
(Probability)

2015 satisfaction class
Very Satisfied with
Independence, Challenge,
and Responsibility (Class

7

Very Satisfied with
Everything (Class 2)

Very Satisfied with
Benefits (Class 3)

Dissatisfied with
Advancement (Class 4)

Somewhat Satisfied with
Everything (Class 5)

Very Satisfied with
Independence (Class

1)

0.641
0.657
0.699
0.731
0.676

0.705
0.094
0.110
0.081
0.069
0.023

0.079
0.044
0.029
0.067
0.016
0.078

0.033
0.097
0.150
0.163
0.145
0.205

0.134
0.135
0.186
0.253
0.207
0.182

0.170

2017 satisfaction class

Very Satisfied
with Everything
(Class 2)

0.070
0.063
0.081
0.088
0.053

0.085
0.659
0.707
0.717
0.795
0.757

0.759
0.176
0.197
0.196
0.173
0.200

0.166
0.027
0.050
0.059
0.051
0.048

0.042
0.048
0.064
0.078
0.056
0.037

0.052

LTA = latent transition analysis; SDR = Survey of Doctorate Recipients.

Note(s):

Very Satisfied
with Benefits
(Class 3)

0.026
0.033
0.034
0.023
0.046

0.031
0.132
0.125
0.140
0.102
0.144

0.112
0.606
0.653
0.617
0.721
0.589

0.694
0.062
0.081
0.091
0.084
0.057

0.082
0.051
0.067
0.064
0.080
0.193

0.068

Dissatisfied with
Advancement

(Class 4)

0.065
0.109
0.078
0.064
0.079

0.069
0.020
0.011
0.023
0.011
0.025

0.014
0.059
0.080
0.063
0.048
0.048

0.053
0.603
0.600
0.605
0.617
0.556

0.617
0.120
0.113
0.094
0.103
0.210

0.113

Somewhat
Satisfied with
Everything (Class

5)

0.198
0.138
0.108
0.094
0.145

0.109
0.094
0.048
0.039
0.023
0.052

0.036
0.115
0.042
0.057
0.041
0.086

0.054
0.211
0.119
0.082
0.104
0.135

0.126
0.646
0.569
0.510
0.553
0.378

0.597

2015 race
and ethnicity
Asian
Black
Hispanic
White
Other

Entire
sample

Asian
Black
Hispanic
White
Other

Entire
sample

Asian
Black
Hispanic
White
Other

Entire
sample

Asian
Black
Hispanic
White
Other

Entire
sample

Asian
Black
Hispanic
White
Other

Entire
sample

Transition probabilities in this table represent the probability of belonging to a specific job satisfaction class at the 2017 SDR cycle (column)
conditional on self-reported race and ethnicity at the 2015 SDR cycle (row), grouped by job satisfaction class at the 2015 SDR cycle. The 2015 to
2017 transition probabilities for the entire sample from the job satisfaction LTA in table 5 are provided for reference and highlighted in gray. Class

stability parameters are in bold. Select cells discussed in the text are highlighted in blue. Rows may not sum to 1.000 due to rounding.

Source(s):

National Center for Science and Engineering Statistics, Survey of Doctorate Recipients.
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Discussion

Conclusions and Future Directions

As discussed in the introduction, LTA and its variations considered in this working paper expanded on the LCA results
from Fritz (2022a, 2022b) by testing longitudinal hypotheses regarding how individuals transition between job satisfaction
and job importance classes. For example, the LTAs revealed that on average 32.1% of the members of a job satisfaction
class at one SDR cycle transitioned to a different job satisfaction class at the next SDR cycle. Although this result may
seem relatively stable given that over two-thirds of doctoral degree holders remain in the same job satisfaction class at
consecutive SDR cycles, fewer than half (46.1%; 0.679 x 0.679) were estimated to have been in the same job satisfaction
class across all three SDR cycles, although some of these individuals transitioned back to their original 2015 class in
2019. What is important, however, is less whether an individual transitions to a different class and more being able to
predict the class to which they transition. Specifically, the most notable finding is that members of the Dissatisfied with
Opportunities for Advancement class were more likely to have come from the Somewhat Satisfied with Everything class
than any of the other classes. When paired with the finding that individuals who transitioned into the Somewhat Satisfied
with Everything class were almost equally likely to have come from the Dissatisfied with Opportunities for Advancement
class as the Very Satisfied with Independence, Challenge, and Responsibility class, this scenario presents three important
conclusions.

First, these results reveal a pathway by which doctoral degree holders may enter the Dissatisfied with Opportunities for
Advancement class. That is, members of the Very Satisfied with Independence, Challenge, and Responsibility class in 2015
who transitioned were most likely to become members of the Somewhat Satisfied with Everything class in 2017. In turn,
members of the Somewhat Satisfied with Everything class in 2017 who transitioned had only a slightly lower chance of
moving to the Dissatisfied with Opportunities for Advancement class in 2019 as transitioning back to the Very Satisfied
with Independence, Challenge, and Responsibility class. Given that Fritz (2022a) found the Very Satisfied with
Independence, Challenge, and Responsibility class had a significantly higher percentage of members with jobs in the
education sector, compared with the other four job satisfaction classes, this pathway may be especially relevant for
academic researchers. That is, academic researchers who transition to the Somewhat Satisfied with Everything class and
later transition to the Dissatisfied with Opportunities for Advancement class may find their next transition is to a
nonacademic career. Therefore, future research could focus on developing a better understanding of what causes
academic members of the Very Satisfied with Independence, Challenge, and Responsibility class to transition to the
Somewhat Satisfied with Everything class, and it could also focus on what causes members of the Somewhat Satisfied
with Everything class to transition to the Dissatisfied with Opportunities for Advancement class versus back to the Very
Satisfied with Independence, Challenge, and Responsibility class. The responses to these queries would provide insight
into what steps could be taken to prevent these individuals from becoming dissatisfied.

The second conclusion from the results is that individuals in the Dissatisfied with Opportunities for Advancement class
were more likely to transition than were members of the three classes who were very satisfied with at least one job factor.
At first glance, this notion seems like a positive: if these dissatisfied individuals simply transition to the Somewhat
Satisfied with Everything class and back to the Dissatisfied with Opportunities for Advancement class, however, the
dissatisfied individuals are becoming less dissatisfied (at least for a time) but are not actually reaching the level of being
highly satisfied. Instead, the divide seems to be one of individuals whose pattern of responses includes being highly
satisfied with one or more of the factors of their current job and individuals whose pattern of responses does not include
being highly satisfied with any of the factors of their current job. This idea is illustrated by the results in table 5, which
show that individuals who transitioned into the Dissatisfied with Opportunities for Advancement class in 2017 were most
likely to have been members of the Somewhat Satisfied with Everything class in 2015 (0.113) and least likely to have been
members of the Very Satisfied with Everything class in 2015 (0.014). Of course, it is also possible that these individuals’
transition from the Dissatisfied with Opportunities for Advancement class is caused by them starting a new job between
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the 2015 and 2017 SDR cycles. Future research could focus on whether becoming highly satisfied with any single job
factor is enough to prevent an individual from becoming dissatisfied or whether the high level of satisfaction needs to be
with a specific job factor or set of job factors (e.g., salary vs. salary and benefits) to prevent transitioning into the
dissatisfied class.

The final take-away is that the Somewhat Satisfied with Everything class really seems to be very important and not just a
residual class that improves both model fit and the separation of the other classes as originally hypothesized by Fritz
(202243, 2022b). In addition to its potential intermediary role in the pathway from the Very Satisfied with Independence,
Challenge, and Responsibility class to the Dissatisfied with Opportunities for Advancement class, individuals who identified
as Asian had the highest probability of transitioning into the Somewhat Satisfied with Everything class. Although Asian
members of the Somewhat Satisfied with Everything class do not have a higher probability of then transitioning to the
Dissatisfied with Opportunities for Advancement class than the other racial and ethnic groups, they did have the highest
probability of remaining in the Somewhat Satisfied with Everything class. These differences are only small effects, but they
still seem quite important. Future research could focus on better understanding whether (and if so, which) cultural and
contextual factors explain membership in the Somewhat Satisfied with Everything class, not just for individuals who
identify as Asian, but for all doctoral degree holders.

Limitations

Despite the large sample and longitudinal person-centered methods, this working paper has several limitations. First,
although LTA and ALTA are very powerful and flexible models, they do present challenges. The software to estimate these
models has advanced tremendously over the past decade, but figuring out how to specify these models remains
nontrivial, as is access to adequate computational resources to estimate the model. As illustrated in these results, many
tough decisions regarding the data and the model specification had to be made in order to get the models to run within a
reasonable amount of time (i.e., days instead of weeks). Even if they could be run successfully, loglinear models present
challenges for parameter estimate interpretation and specific effects of interest testing because these are output in the
logit metric, but it is generally more desirable to discuss the results in terms of probabilities.

The second limitation is ALTA models that included all three SDR cycles and additional variables were not considered
here. For example, Fritz (2022a) showed that the Advancement, Security, and Benefits are Unimportant class had a higher
percentage of older individuals than the other four importance classes for the 2017 cycle, so including a three-way
interaction between job satisfaction class, job importance class, and age could have produced interesting results.
Similarly, the ALTA models fit here did not consider whether or when individuals changed jobs, which is almost certainly
related to job satisfaction class but is not identical. Plenty of people who hate their jobs stay in them, and many people
who love their current jobs take new jobs. Although these factors were partially due to computational limitations, it is also
caused by the structure of the SDR itself. Despite repeatedly gathering information on the same individuals, the SDR only
provides biannual cross-sectional snapshots of doctoral recipients’ employment and job satisfaction. A more dynamic
temporal design would be necessary to understand how job satisfaction class relates to the who, why, and when of
movement between jobs, employers, and employment sectors.

The final limitation is that while the LTA and ALTA models can be used to test longitudinal hypotheses of interest, the
estimated effects are not necessarily causal. That is, the use of longitudinal data meets the requirement of temporal
precedence, but the data are strictly observational and therefore are likely to violate many of the other assumptions
necessary to make claims of causality (Murnane and Willett 2011). Although the use of random assignment seems
untenable in the SDR, the use of quasi-experimental designs such as nonequivalent control groups or regression
discontinuity designs to study causal effects relating to movement among job satisfaction classes may be considered to
positive effect (Shadish, Cook, and Campbell 2002). For example, one option would be collecting more data on members
of the Dissatisfied with Opportunities for Advancement class and comparing those who did change jobs between cycles to
those who did not (i.e., a nonequivalent control group).
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