GHAPTER ONE

Cross-Sectional, Longitudinal,
and Retrospective Designs: General Utility
and Threats to Validity

Ekjyot K. Saini and Douglas M. Teti

Department of Human Development and Family Studies, The Pennsylvania State University,
University Park, PA, USA

The fundamental task of developmental science is to understand change over time.
Baltes, Reese, and Nesselroade (1977) defined developmental science as the study of
“intraindividual change in behavior and interindividual differences in such change.”
Indeed, an understanding of the developmental function is often rooted in classic
conceptions defined by Wohlwill (1970, 1973) where variables could be considered
“developmental” when changes occur with age in a uniform and consistent manner
across individuals and environments. This definition of developmental change is
also related to the function and shape of age rather than simply age-related differ-
ences in specific behaviors or outcomes.

Bronfenbrenner and Evans (2000) expanded upon earlier conceptualizations of
developmental science to emphasize the underlying processes and conditions that
account for change and individual differences therein. The term “change” must also
take into consideration whether a construct under study is continuous (i.e., concep-
tualized and measured in the same manner across two or more points in time) or
discontinuous (i.e., when changes take place in the underlying structure of a
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construct with development). When a construct itself develops, it may need to be
measured differently at later points in time compared to earlier (Overton &
Reese, 1981). Such fundamental discontinuity in construct composition is common
in development, particularly during periods of rapid growth. A classic example of
such a construct is intelligence, which traditionally had been conceptualized and
operationally defined differently in infancy vs. at later points in development as
infants move from sensorimotor modes of functioning to more overtly representa-
tional modes of functioning (Rose, Feldman, & Jankowski, 2009). When constructs
themselves undergo reconstruction with age, the issue of assessing stability/instabil-
ity over time, and predicting a developmental outcome from theoretically relevant
predictors assessed at early points in time, becomes decidedly more complex. In such
cases, assessments of stability/instability may require identifying an underlying com-
ponent or components common to a construct at both developmental time points.
In the case of infant intelligence, those components were speed of habituation, vis-
ual recognition, and other indices of information processing efficiency that, when
assessed in early infancy, were found to predict children’s scores on psychometric
assessments of intelligence in the preschool years much more strongly than tradi-
tional assessments of infant sensorimotor functioning (Slater, 1995).

Developmental research has primarily been conducted with two methodological
designs, with emergent iterations of these methods. Longitudinal methods make use
of repeated measurements over a prescribed period of time. Often the primary pur-
pose of longitudinal studies is to uncover associations between age-related changes
in outcomes of interest and to identify factors that can theoretically account for
individual differences in change. Cross-sectional methods, by contrast, involve meas-
urement of differing ages simultaneously in order to assess age group differences in
variables of interest, such as behavior and cognitive capacities. Both longitudinal
and cross-sectional designs get incorporated in Schaie’s (1965) presentation of the
“general developmental model,” which conceptualizes development along three
individual dimensions: age, cohort, and time (see below). This chapter will provide
an overview of research designs as informed by the general developmental model
(Schaie, 1965) as well as discussion of variations or hybrids on these designs. A dis-
cussion of design and sampling strategies, and special considerations when working
with marginalized populations, will follow.

The General Developmental Model

K. Warner Schaie (1965) laid out what has proven to be a useful organizational
framework for addressing developmental change. Schaie’s (1965) general develop-
mental model identified three key parameters — age, cobort, and time of measure-
ment, as inherent to any approach used to study development. Age is often indexed
as chronological age; however, key issues concerning this variable are discussed
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further below. Cohort is defined as a group of individuals or a population who expe-
riences an event or a series of events that may define them. The most frequent
cohort-defining event is the birth of an individual. 7T7me is examined in a multitude
of ways but is usually defined according to calendar time; however, other methods
of assessment are available and often utilized.

Age

Age is the most commonly utilized variable in developmental research and is often
thought to be “the central marker of development in biological and psychological
research on developmental phenomena” (Bergman & Magnusson, 1990, p. 26).
Though chronological age is heavily examined as an independent variable in devel-
opmental research, it does not always map onto processes indicative of maturation,
social, and psychological aging (Hertzog, 1996). Developmental processes can
indeed be linked to age-related maturation, but care should be taken not to use age
as a proxy for processes and events/experiences that may be occurring independent
of age (Miller, 1998). Age is also confounded with cohort and time of measurement,
and thus, a longitudinal study, in which a single group is followed over time, cannot
fully tease apart the effects of age from the effects of cohort and time of measure-
ment on the developmental process of interest.

Cobort

Cohort is an integral variable in the study of development, and arguably, cohort
effects have not been given the attention they deserve in understanding develop-
mental trajectories. At best, cohort effects reflect truly underlying developmental
change, although cohort differences are not a substitute for actual evidence of longi-
tudinal change. In a traditional cross-sectional design, in which different birth
cohorts are studied at the same time to examine age group differences in a develop-
mental outcome, cohort effects are fully confounded with age and time of measure-
ment effects. Cohorts that are simply defined by time of birth may not automatically
indicate that members of the cohort have shared the same experiences, rendering the
cohort effect less meaningful (Kosloski, 1986). Similarly, historical events may have
timing effects and may impact individuals of different ages differently. A recent
example of such effects includes the 9/11 terrorist attacks in the United States,
where the impact of the event would be expected to be different for those who were
school-aged and adolescents compared to those who may have been younger (e.g.,
attending preschool or kindergarten; Eisenberg & Silver, 2011; Greene et al., 2018).
At a minimum, an examination of cohort effects requires explication of how cohort
differences are developmental, as well as discussion of underlying theoretical mecha-

nisms of change (Baltes, Cornelius, & Nesselroade, 1979).
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Time

Schaie (1986) emphasizes that historical time is an important component of devel-
opmental research as it provides an important marker for contextualizing develop-
mental change. The contribution of time to the developmental function is not well
understood, however, and is fully confounded with age and cohort effects
(Schaie, 1984, 1986). Time as an indicator of change may overlap with age in cer-
tain instances, but differentiating the effects of time of measurement from age may
be difficult. It is useful to examine societal changes related to culture, technology,
and customs that may “constrain behavior” (Schaie, 1986) to key points in historical
time, although it may be difficult to determine precisely what those changes might
be in real time without the advantages of hindsight. The importance of time of
measurement on developmental change cannot be underestimated, however, because
environmental affordances (e.g., the presence/absence of smart phones, artificial
intelligence, and remote learning platforms) that characterize a specific time of
measurement will frequently determine what one considers to be important to study
and the rate of development of a phenomenon.

General conclusions: the general developmental model

The general developmental model suggests that most research addressing develop-
ment can be done using a combination of these three variables and sequential designs
(cross-sequential, cohort-sequential, or time-sequential; Schaie & Caskie, 2005)
that integrate two of these three dimensions can be used to tease apart cohort effects
from age effects, age effects from time of measurement effects, etc. However, it is
critical to note that these indices of developmental change are not independent.
Upon determining two of these parameters, the third is typically automatically
defined (Baltes, 1968; Schaie, 1965); age is often confounded with either cobort or
time or period of measurement. This is often due to the fact that most conceptualizations
of these critical variables are often linked to calendar and chronological time, and it
has been suggested that it is important to disentangle these concepts (Schaie, 1986).

However, Schaie’s general development model is not without limitations and has
been subject to a number of critiques (e.g., Baltes, Reese, & Nesselroade, 1977). A
notable limitation of the model is the assumption that change occurs incrementally
over time in a linear manner (Kosloski, 1986). Others have noted that the general
developmental model is only useful for describing change, rather than explaining it
(Baltes, Reese, & Nesselroade, 1977). Despite these critiques, the general develop-
mental model has provided much guidance for how development should be exam-
ined. As indices of developmental change via age, cohort, or time are proxies for
other causal variables, the model has spurred complex and intricate methods to
understand the developmental process. One suggestion to further understand the
developmental function is to incorporate the contributions of age, cohort, and time
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into research models and study design due to their inextricably linked nature within
any given data set.

In response to these critiques, Baltes and Nesselroade (1979) proposed a model
of developmental change that incorporates age, cohort, and time of measurement
effects. Their model specifies three primary influences on behavioral development:
normative age-graded, normative history-graded, and nonnormative influences.
Normative age-graded influences are those that are highly correlated with chrono-
logical age, such as biological maturation (i.e., physical ability). Normative history-
graded influences are those biological and social processes that are impacted by a
social or culturally based phenomenon that impacts almost all members of cohort,
such as entering school. Nonnormative influences are those biological and social
processes that are less common and do not impact most individuals of a cohort.
Examples of such nonnormative influences include illnesses, disability, and unem-
ployment. Each of these influences, to whatever extent possible, must be taken into
consideration by developmental scientists. These influences occur simultaneously
over time and contribute to between-cohort differences in developmental change, as
well as within-cohort differences (Baltes, Cornelius, & Nesselroade, 1979).

Developmental Research Designs

A number of different developmental designs can be derived from the combination
of variables that describe developmental change — age, cohort, or time/period.
Simple cross-sectional and longitudinal designs are often defined by the age of inter-
est to researchers, the cohort where the sample is drawn from, and the time(s) of
assessment. Age variables within cross-sectional research design tap into interindi-
vidual differences, whereas in longitudinal research designs, age taps into intraindi-
vidual change (Schaie, 1983, 1986). Within these research designs, cohort serves as
variable of individual differences, while time of measurement or period is an intrain-
dividual change variable.

Simple cross-sectional developmental designs

A cross-sectional “developmental” design incorporates at least two samples or two
cohorts that are assessed at the same time but that differ in age. One example of this
type of developmental study would be if a researcher examined the social behavior
of children entering peer groups and observed children who were 6, 8, and 10 years
old. The use of this type of design assumes that inferences can be made concerning
behavior at younger and older age groups because the sample is drawn from the
same general population without waiting for development or maturation to occur
(Achenbach, 1978). Though many researchers will draw longitudinal conclusions
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from this type of design, these are subject to questionable validity (Achenbach, 1978;
Kraemer et al., 2000). It should be noted that studies that take place at single time
point or snapshot of time with a single age group are often erroneously termed cross-
sectional. These types of designs are best labeled concurrent or correlational designs.

Commonly utilized in developmental research, cross-sectional developmental
designs are relatively inexpensive and easier and less time-consuming to conduct.
Additionally, cross-sectional studies allow researchers to pilot new measures or tech-
nologies, generate and clarify potential hypotheses, and provide information to guide
future and follow-up studies (Kraemer, 1994). These designs provide information
about age group differences or interindividual differences; however, they cannot tell us
about any age changes or interindividual differences in interindividual change
(Miller, 1998; Wohlwill, 1973). Using the example given earlier, a cross-sectional
study would provide information about the existence of any differences in socializa-
tion among 6-, 8-, and 10-year-olds, but it cannot provide information about how or
when these changes emerged, nor how these behaviors may change across these ages.

Though cross-sectional studies can be of crucial utility, there are methodological
concerns and limitations that must be kept in mind. A primary limitation is the
inability to answer questions about the stability of a variable of interest or processes
over time (Miller, 1998), as well as the loss of information through the use of aver-
ages to ascertain group differences (Wohlwill, 1973). Critical to cross-sectional
design is the need to ensure that measurement instruments (e.g., survey and intel-
lectual assessments) are appropriate and similarly valid for use at each age being
investigated (Miller, 1998).

Cross-sectional studies are subject to issues with external validity (i.e., gener-
alizability) as cohorts can be affected by historical or cultural differences
(Achenbach, 1978). For example, if one were studying the development of math-
ematical problem-solving, the ability to compare second graders and fourth grad-
ers in the same school would be compromised if the mathematics curriculum
were changed for the second graders. This situation would serve as a historical
event that would make the cohorts nonequivalent and different from one another.
This is often understood as the age-by-cohort confound, which presents a serious
limitation of cross-sectional designs — the effect of age and belonging to a specific
cohort cannot be distinguished in this design. According to Miller (1998), this
cohort effect is less likely to be present when the dependent variable is a “biologi-
cal” variable or a “basic” variable (e.g., heart rate and visual acuity), than if the
dependent variable might be linked to social experiences. The age span of the
sample can increase the risk of cohort effects — with samples that have larger age
ranges being more vulnerable to cohort effects operating. These types of threats
to the validity of cross-sectional designs create risk to researchers engaged in
aging or lifespan research.

Another particular risk for cross-sectional methods is the possibility of bias in the
sample through flawed selection procedures, especially since one cannot randomly
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assign to age groups (Baltes & Nesselroade, 1979; Kosloski, 1986; Miller, 1998;
Wohlwill, 1973). Methodologists (e.g., Cook & Campbell, 1979; Shadish, Cook, &
Campbell, 2002) have long held the position that samples should be identical except
for the variable that is of interest; in this case, that variable would be age. Matching
on a variable other than age can result in a nonrepresentative sample. For example,
comparing 25-year-olds and 75-year-olds matched on educational attainment (e.g.,
having a college degree) would result in a positively biased sample of 75-year-olds.
Furthermore, if transitions into and out of the sampling population are not random,
then there is a risk of making incorrect inferences about developmental processes
being examined (Kraemer et al., 2000). An example of this would be if one is inter-
ested in the relationships between age and the move toward an assisted living facility,
which is not a random occurrence, is most likely related to factors associated with
age. One would need to account for this confound, and the use of a cross-sectional
design would not allow for the identification of potential predictors. Longitudinal
design may be more suited to answering such questions. Card and Little (2007) sug-
gest that concurrent studies of developmental processes should consider evaluating
direct and moderating effects of age; however, this will not eliminate confounding
issues between age and cohort.

The utility of cross-sectional approaches may be limited, but they provide
valuable information that allows researchers to generate hypotheses about intrain-
dividual age-related changes from observing interindividual differences. Such
inferences require assumptions that participants in all comparison groups are the
same except for chronological age. Inferences from cross-sectional samples need
to be drawn with the consideration of how factors such as the measurement of
time, the type of developmental trajectory of the developmental process (i.e.,
fixed traits parallel or nonparallel trajectories), and the reliability and timing of
the measurement (Kraemer et al., 2000) might threaten such conclusions.
Drawing longitudinal inferences from cross-sectional research can result in mis-
leading and perhaps invalid conclusions about characteristics and processes

(Hertzog, 1996; Kraemer et al., 2000).

Example of a cross-sectional developmental study Belsky and Most (1981) utilized a
cross-sectional design in a study where they observed the development of play
behavior at multiple ages of infancy and toddlerhood. Twenty boys and 20 girls who
were evenly spaced in 10 age groups between the ages of 7.5 months and 21 months
were observed at home in free play interactions where observers narrated the chil-
dren’s play. The study revealed that younger children (between 7.5 and 15 months)
used mouthing and simple manipulation play behaviors more than older children
(16.5 months to 21 months). They also found that there were age group differences
in the use of pretend and representation play that involved relating two objects
together. The study fostered greater interest in understanding the developmental
sequence of play and exploration behaviors.
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Simple longitudinal developmental design

A known solution to the shortcomings of cross-sectional design is the utilization of
repeated assessments of a participant sample over a period of time — a longitudinal
rescarch design. Longitudinal designs have been defined broadly. Miller (1998)
described longitudinal designs as “repeated tests that span an appreciable length of
time”; however, Miller did not specify the number or the frequency of the “repeated”
tests. Additionally, what constitutes an “appreciable length of time” is also unclear.
In some cases, an appreciable length of time could be linked to the developmental
level of the sample being studied, or it may simply be the timing of observation or
measurement of time as it relates to a specific event. Longitudinal research designs
also can be examined on a multitude of time scales at both across measurement (e.g.,
monthly observation) and within measurement (e.g., multiple biomarker samples
across a stressor experience).

Baltes and Nesselroade (1979) provided a comprehensive foundation to longitu-
dinal design and the unique benefits of this research design. They identified and
expounded upon key concepts that continue to be pertinent today and furthered the
notion that longitudinal designs are critical and necessary for the examination of
intraindividual change, developmental sequences, and co-occurring social and envi-
ronmental change. Within-person change can be seen as incremental (e.g., change
in magnitude of a construct over a specified interval of time) or transformational
(reflected by changes or transitions in state; Ford & Lerner, 1992). Longitudinal
designs also permit the investigation of interindividual differences in intraindividual
consistency or change, while also allowing the examination of the degree to which
earlier experiences predict later development (Farrington, 1991; Miller, 1998;
Wohlwill, 1973).

Longitudinal analysis also allows for further insights into relationships between
domains of development and also about possible causal explanations for changes in
given domains over time. As development within given domains does not occur in
isolation, the use of this type of multi-domain approach allows for us to understand
potential co-occurring processes that may be happening simultaneously. Longitudinal
approaches also allow researchers to consider whether within-person change in one
domain is a precursor to change in another (Grimm, Davoudzadeh, & Ram, 2012).

As mentioned, a pertinent goal of longitudinal research is to provide means to
identify possible causal processes or determinants of intraindividual change, as well
as interindividual differences in intraindividual change. The use of such designs
enables an examination of changes that may occur at different rates and different
points in time. Precise identification of causal determinants of development from a
longitudinal design alone cannot be accomplished. At the same time, however, a key
methodological feature of longitudinal studies is the ordering of time, which is one
of the three primary criteria for causality (Cook & Campbell, 1979; Shadish, Cook,
& Campbell, 2002). This characteristic of longitudinal designs allows one to exam-
ine antecedents and consequences of a developmental phenomenon that enables
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reasonable speculations about causality. Schaie (1988) cautioned, however, that
whereas observations in a longitudinal study are time-ordered unidirectionally, that
does not mean change is unidirectional. Whereas some developmental processes
may be unidirectional over certain periods of time, other processes may be nonlinear
(e.g., cyclical or recursive). Baltes and Nesselroade (1979) also indicated that inter-
individual differences in intraindividual change are not universal and may be
explained by moderating effects such as demographic characteristics or additional
constructs that may or may not have been measured.

Examining developmental trajectories provides opportunities to consider equifi-
nality and multifinality, concepts that have been influential in developmental sci-
ence for understanding how interindividual variability at specific points of
development can be conceptualized (Cicchetti & Rogosch, 1996; Cicchetti &
Toth, 2009). Equifinality refers to the convergence of trajectories from different
starting points to a common endpoint or developmental outcome. Multifinality, by
contrast, refers to divergence from common starting points toward multiple out-
comes. Recent work from Schulenberg, Maslowsky, and Jager (2018) also intro-
duced the concept of developmental fanning, suggesting heterogeneity in
interindividual differences in trajectories where these differences may increase across
development. These related concepts are influential and often serve as the crux of
many developmental theories as they may provide information about pathways and
change (Lerner, 2000).

Newer, time-intensive methodologies, which have been made possible by innova-
tions in smartphone technology and other in-the-moment monitoring devices, have
emerged that address some of these rationales for understanding growth, change,
and development across time (Ferrer & McArdle, 2010; Little, 2013). Grimm,
Davoudzadeh, & Ram (2017) provided a brief historical overview of developments
in longitudinal methods that discuss complex modeling of these processes. Later
chapters of this book will also provide greater detail about these innovative methods
and their unique contributions to understanding development.

Variations in longitudinal developmental designs: retrospective and intensive

longitudinal designs

Retrospective designs The aforementioned longitudinal designs presume an implicit
forward-looking or prospective approach. Prospective studies are designed to exam-
ine effects based on the independent variable of interest. For example, a researcher
interested in how early executive function predicts academic performance across
elementary school could recruit children in preschool and follow them over time.
However, longitudinal research can also utilize a retrospective or backward-looking
approach to understand a phenomenon. Typically, retrospective approaches identify
an outcome on which individuals differ at a specific point in time and then examine
possible developmental antecedents of that difference that are theoretically defensible.
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For example, a retrospective approach to study developmental antecedents of clini-
cal depression in adulthood could initiate a search for early life predictors that have
theoretical links to adult depression. Such a search could target familial or ecological
antecedents eatlier in life that might plausibly explain the difference, such as earlier
episodes of depression, parent—child relationships, early experiences of loss or of
trauma, and early life stress (Hipwell et al., 2023; Kushalnagar et al., 2017; Teicher
et al., 2009).

Retrospective designs offer practical and efficient ways to examine long-term
developmental trajectories. This type of design offers a unique opportunity to iden-
tify potential effects without the need to extensively design assessments as they are
often based on the fact that participants have already experienced events that are of
importance and interest to the researcher. Retrospective designs are particularly best
utilized to examining indices that are difficult to capture and not feasible to study in
a prospective manner. Retrospective designs offer utility as being cost-effective and
less intensive than prospective designs. Additionally, retrospective studies are well-
suited to questions where data may be readily available such as the use of documen-
tation (e.g., electronic medical or school records) or secondary data analysis of
publicly available data and may allow for larger sample sizes.

Despite these benefits, a number of drawbacks to retrospective designs include
limitations on available data that are not systematically archived, missing data, or
potential recall issues (e.g., inaccuracy and/or bias), as well as sample issues (e.g.,
lack of generalizability). Retrospective approaches that rely on participant report are
subject to issues of inaccurate recall of events, experiences, and behavior
(Raphael, 1987; Widom & Morris, 1997). Relatedly, the impact of current life con-
ditions and context may also contribute to participant recall bias and memory dis-
tortions. These types of recall issues can contribute to issues of reliability, as well as
incomplete and missing data. Furthermore, recall inaccuracy can reduce potential
longitudinal associations and issues of recall bias can introduce unintended longitu-
dinal associations. Careful considerations are also necessary due to the inability to
examine potential confounding factors and limited control in the timing and fre-
quency of when data were collected.

Intensive longitudinal designs Intensive longitudinal designs, sometimes referred to
as micro-longitudinal or “burst” designs, have been used increasingly to capture
longitudinal, dynamic, in-the-moment processes of change across short time frames.
These designs enable researchers to examine the micro-level processes and mecha-
nisms that may contribute to or index developmental changes within individuals.
Data collection methods used will vary depending on the question(s) asked and
include daily diaries, random or systematic sampling of specific behaviors over very
brief time spans, passive data collection measurement (as obtained from wearable
devices such as actigraphs), ecological momentary assessment (EMA), and other
approaches (see Teti, this volume). Whatever method is used, the researcher must
choose an assessment frequency adequate to capture the desired process without
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overburdening the participant. Other considerations include whether assessment
should be done randomly or systematically (perhaps in response to particular events
or according to a timetable). It is not uncommon for intensive longitudinal designs
to make use of several data collection methods that are used integratively to capture a
specificdynamicprocess. EMAdesigns, forexample, rely upon real-time data collection
over an interval of time to assess particular experiences and events in participants’ lives
within their normal environments (Shiffman, Stone & Hufford, 2008). This type of
data collection can use random sampling or fixed times for the collection of individual
surveys/assessments and include the use of written (e.g., diary or log) or technological
methods(e.g., texted survey, physiologicalsensor) toobtaindata. Thecollectionof multi-
ple forms of assessment allows researchers to understand how experiences and behavior
changes occur and vary over time.

Data collection bursts are functional in their own right as micro-longitudinal
studies of change processes. It is not uncommon, however, to embed micro-
longitudinal data collection bursts into larger, longitudinal time frames, and as such,
these data bursts can be integrated with single-point-in-time measures. The data
bursts in these “measurement-burst” designs, as they are called, can be used as pre-
dictors or outcomes, depending on the research questions posed (see below). Micro-
longitudinal (or intensive longitudinal) study designs can also be embedded within
cross-sectional designs or studies of single snapshot of time or period of develop-
ment (e.g., the transition to formal schooling). This design allows for the researcher
to examine specific dynamic phenomena in a cost-effective and timely manner while
operating within a cross-sectional and cost-effective research design.

Measurement-burst designs are a type of longitudinal design where intensive
bursts of data collection occur in a short time frame (e.g., days or week) and the data
collection is repeated again over a longer or wider period of time (e.g., monthly or
yearly; Stawski, MacDonald, & Sliwinski, 2015). This type of design was an effort
to address limitations of single time point snapshots (Nesselroade, 1991); however,
elaborations on this design have allowed for an examination of more dynamic pro-
cesses that may be occurring (MacDonald & Stawski, 2016; Sliwinski, 2008). A
particular issue of importance in measurement-burst designs revolves around the
timing, or temporal intervals for the phenomenon of interest are being examined
(Walls et al., 2012). Measurement-burst designs also allow for direct examinations
of changes at a longer longitudinal period, as well as those that may transpire across
shorter period of time. A number of challenges are pertinent to measurement-burst
designs due to the complexities related to data collection.

The intensive nature of measurement-burst design can pose a logistical and labor-
intensive challenge to researchers. Additionally, the intensive nature of the design
may also contribute to participant burden and potential missing data issues. An
important challenge relates to the temporal spacing of assessments (e.g., moments,
daily, or weekly) because developmental phenomena of interest may not occur at the
same time, especially when examining short-term and longer-term processes. At the
same time, these intensive data collection strategies enable researchers to capture
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changes in behavior, cognition, or other developmental domains as they occur, pro-
viding a more detailed understanding of developmental processes. A particular ben-
efit of these types of design is that they allow for intraindividual change variability
to be observed over short time spans, and if imbedded into a broader longitudinal
frame (measurement-burst designs), over longer time spans as well. Alignment
between design (including timing and assessments) and theoretical approaches for
the developmental construct of interest allows for a more precise examination of
within-person variability and how changes on a shorter scale may contribute to well-

being (Cerino & Hooker, 2019).

Threats to validity in longitudinal developmental research Despite a multitude of
benefits of longitudinal research designs and strategies, there are a number of draw-
backs and limitations to take into account. Conducting longitudinal research is
expensive, time-consuming, and often labor-intensive for researchers, as well as par-
ticipants. In addition to these issues, longitudinal research is vulnerable to a number
of threats to validity, particularly sample selection, attrition, instrumentation, and
regression to the mean (Shadish, Cook, & Campbell, 2002).

Decisions about sampling are dependent upon what type of design is being
employed — prospective or retrospective design. Prospective studies rely upon
sampling that is reliant upon the independent variable of interest, whereas ret-
rospective sample designs are assembled around the dependent variable. A
number of issues involving the sample should be addressed. First of which,
what type of sampling procedure should be used? For example, should the sam-
ple attempt to be representative (e.g., birth cohort, community sample cohort)
or nonrepresentative (e.g., clinical populations, adoptees)? The use of a repre-
sentative sample would allow for greater generalizability of the findings, under-
standing multiple types of phenomena (e.g., social, biophysiological variables),
as well as document prevalence data (Baltes, Reese, & Nesselroade, 1977).
With longitudinal designs, beyond the initial recruitment phase (i.e., sample
attainment), it is critical that the research team develop and maintain coopera-
tive and engaged relationships with members of the sample over a period of
time. As it is relatively difficult to both sample a representative group of indi-
viduals and have these individuals continue to take part in the study across
multiple waves of data collection, it is a challenge for developmental research
projects to be representative (Achenbach, 1978; Miller, 1998). Jager, Putnick,
& Bornstein (2017) have indicated that homogenous convenience samples are
similar in sociodemographic distributions to the target population of interest
and thus may provide accurate and valid estimations of phenomenon of inter-
est in the target population. However, trying to retain the representative nature
of such a sample across time, and not differentially attrit (based on sociodemo-
graphic attributes or general functioning), is difficult. It may be that a researcher
will have to weigh whether obtaining data from a larger sample size where one
may not be able to conduct as many assessments in order to reduce attrition is
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more or less beneficial than obtaining data from a smaller but perhaps less repre-
sentative or generalizable sample, which may contribute to external validity
challenges.

Sample attrition is a common issue in longitudinal research and one that has
been deemed a “virtually ubiquitous” problem that afflicts any attempt to follow a
group of individuals across time (Graham, 2009, p. 567). A number of different
strategies have been suggested to reduce sample attrition such as asking participants
to provide contact information for a relative (Jordan, 1994). In addition, techno-
logical advances (e.g., email, text messages) have allowed for improvements in main-
taining contact with and obtaining data from participants, as well as to be able to
reestablish contacts (following ethical guidelines) that have been lost. Some contri-
butions to attrition may be under the control of the researcher and can be addressed,
such as designing assessments to reduce participant burden and provide appropriate
incentives. However, there may be a number of impediments to participation that
are not within researchers’ grasp.

Selective dropout and retention within a study can lead to biased findings, as
individuals who remain in the study may differ systematically from those who drop
out. Nonresponders in a study are likely to be different from those who actively
maintain participation, and these differences may be related to variables being exam-
ined (Bergman & Magnusson, 1990; Nicholson, Doebeck, & Howard, 2017).
Technological advancements in data collection methods have helped to reduce miss-
ing data through the use of online surveys, wearable technologies, and online collec-
tion of observational and task performance data. Participants are able to provide
partial data that may be usable and would reduce noncompliance and potential bias.
Threats to validity pertaining to missing data can also be mitigated through the use
of planned missing data designs that alleviate participant burden, lower the cost of
research, and help improve validity. Little and Rhemtulla (2013) provide an over-
view of research designs on planned missing data and their utility for developmental
researchers, whereas Wu and Jia (2021) provide specific information about such
methods for longitudinal panel studies. In addition to planned designs, extensive
methodological work has emerged in the past decades to deal with the problem of
missing data (Enders, 2013; Jelici¢, Phelps, & Lerner, 2009; Little et al., 2014).
Nicholson, Doebeck, and Howard (2017) provide a review of commonly used sta-
tistical methods in developmental science. This burgeoning area of developmental
methodology provides statistical techniques that employ maximum-likelihood esti-
mation and imputation as solutions to handle missing data, reduce sample bias, and
reduce threats to validity.

Beyond issues of the sampling in longitudinal studies, testing and measurement
or instrumentation also represent potential threats to validity. Longitudinal research
relies upon repeated measurement of constructs, and repeated testing can introduce
practice effects or sensitization, where participants become more familiar with the
measures and alter their responses. It is also possible that the course or trajectory of
development could change due to participation in a longitudinal study due to



16 Saini, Teti

greater participant awareness of the constructs being examined (Goldstein, 1979).
These types of testing threats can be mitigated through the use of alternate forms or
variations in the assessments (Wohlwill, 1973).

Issues of measurement can also extend to concerns with instrumentation
(Baltes et al., 1977; Goldstein, 1979). One example of instrumentation is the use
of different instruments to assess a construct that itself develops and changes
with age, such as intelligence, peer relationships, child—parent attachment, or
temperament. Threats to validity from instrumentation can continue to persist
even if a variable is measured identically at two points in time because of the
likely change in the distribution of scores, an indicator that the meaning of the
score may have changed (Achenbach, 1978). Problems with measurement equiv-
alence over time may also emerge due to developmental discontinuation of phe-
nomena or behavior (Hartmann, 2005; Schaie, 1998). Other instrumentation
issues can arise related to “aging” where assessment tools may no longer be valid
or reliable, to changes in study personnel, and to changes/updates in our defini-
tions and understanding of specific phenomena (Achenbach, 1978; van der
Kamp, Bijleved, & London, 1998). Indeed, it is possible that theories and
hypotheses may become outdated as a study progresses over time and may require
revising or reformulation (Jordan, 1994).

Another common threat to validity to longitudinal measurement is regres-
sion to the mean (Baltes & Nesselroade, 1979), or the tendency for extreme
scores in a distribution to become less extreme over time, simply because what-
ever influences that led to an extreme performance at one time point may not be
present in the same magnitudes with measurements taken at later time points.
The researcher is left with separating out “true” developmental change (always
approximated and never actually known) or changes due to an independent
variable from changes in or errors in measurement, or changes in historical fac-
tors that impact individual performance. In intervention research, regression to
the mean (independent of intervention effects) can be estimated when the inter-
vention and control groups are assumed to be equivalent, as evidenced perhaps
by similar error variances and regression trajectories in the dependent variables
observed across groups.

Longitudinal research designs are susceptible to the issues of cohort, age, and
time that were mentioned earlier in the chapter. A cohort effect may impact the
internal and external validity of a study where unique experiences or characteristics
of a cohort may make them dissimilar for another cohort at the same age (Baltes
etal.,, 1979; Bergman & Magnusson, 1990). One way to mitigate such effects is to
obtain cross-sectional data on relevant variables in order to limit cohort effects.
Additionally, study validity can be impacted by the age-by-time or period-of-
measurement confounds. It has been suggested that it is critical to consider disen-
tangling these concepts and that longitudinal studies that have only one cohort are
particularly susceptible to such effects because it is difficult to decouple effects of age
and time (Schaie, 1983, 1986).
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Planning and implementation of longitudinal research

The logistics concerning longitudinal research are an often overlooked and underes-
timated but necessary for conducting rigorous developmental research.
Conceptualization, methodology, and data analyses are often integral to planning
and implementing studies, and it is critical to keep a number of things in mind.
Researchers are advised to plan longitudinal studies to have a broad scope, include
eclectic measures, and incorporate constructs from different theories so that the
resulting data can be analyzed from multidisciplinary perspectives and be used to
answer an array of research questions (Bergman & Magnusson, 1990). Although the
methods, constructs, and meaning of scores may change over the course of the study
(Achenbach, 1978), designing longitudinal studies from such a broad and multidis-
ciplinary approach will help insulate the data from potential aging effects and
decreased relevancy overtime (Bergman & Magnusson, 1990). The timing of when
to measure a behavior, construct, or phenomenon is essential to researchers to ade-
quately capture development, and allowing for a large variation in time of measure-
ment can pose problems (Goldstein, 1979). For example, if one is interested in
assessing language acquisition skills during toddlerhood, it would be critical to
measure these skills frequently, such as every few weeks rather than to measure them
every few months, in order to observe changes in skills.

Compared to cross-sectional studies, longitudinal studies are time-consuming
and expensive to execute and require long-term commitment from participants. It is
critical for researchers to have flexible plans and implementation strategies to under-
take work that may have a slow rate of return and take a considerable length of time
to observe phenomena of interest (Wohlwill, 1973). It is critical that the sample
population is considered carefully in order to accurately examine developmental
phenomenon. A normal representative sample such as birth, school, or community
cohorts allows for greater generalizability of findings, a wider array of behavior and
phenomena to be examined, and investigation of potential group differences (e.g.,
gender, race within a general population) (Baltes, Reese, & Nesselroade, 1977;
Bornstein, Jager, & Putnick, 2013; Mednick, Griffth, & Mednick, 1981).
Nonrepresentative samples, such as those who experience specific conditions or spe-
cialized cohorts, can be important for investigating the unique factors that impact
development within specific parts of our society, as well as be utilized for hard-to-
reach populations (e.g., individuals experiencing social marginalization; Raifman
et al., 2022). Bornstein et al. (2013) provide a brief overview of the pitfalls and
solutions to common sampling issues in developmental science. Researchers seeking
greater detail on issues with sampling strategies can also refer to Levy and Lemeshow
(2013), as well as Cochran (1977).

A key deterrent to conducting longitudinal studies is that they tend to be expen-
sive to conduct due to investment in necessary equipment, materials to implement
research plans, and training of staff and personnel. Staff and personnel involved in
longitudinal studies play a critical role as they often interact the most with participants,
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compared to research investigators. The use of trained professional staff for data col-
lection typically improves recruitment and retention of participants in longitudinal
studies (Hill et al., 2016). In addition to investments in personnel and training,
researchers should invest in multiple methods to ensure sample retention and data
validity. Hill et al. (2016) recommend that researchers consider designing consent
forms in a manner that allows for long-term follow-up, maintaining a relationship
with the sample between waves of data collection, as well as being mindful of study
branding and outreach (e.g., logos, social media presence, and newsletters). Emergent
social media and technologies can be utilized to contact missing participants and
maintain rapport; however, such contact should be ethical and within Institutional
Review Board (IRB) approved protocols and guidelines.

Lastly, the timing of measurement and data management are key aspects of lon-
gitudinal design that need to be taken into consideration by researchers looking to
conduct longitudinal research. Planning of research involves attention to theory,
organization, and administration; however, considerable attention is needed to how
to manage the data once generated (Bergman & Magnusson, 1990; Jordan, 1994).
Researchers should be mindful of how questions and responses are structured, rele-
vancy of measures to the developmental age, and how data can be collected (e.g.,
online survey or in-person) (Hill et al., 2016). It is also useful to collect data in a
manner that would allow for it to be examined in different ways and from other
theoretical perspectives, as well as maintaining collected data in a raw or basic for-
mat (rather than summary or composite scores) (Bergman & Magnusson, 1990).

Longitudinal Developmental Study Example

SIESTA — a longitudinal study

The Study of Infants’ Emergent Sleep TrAjectories (SIESTA) is a longitudinal pro-
spective study that was conducted using multiple informants and methods
(Teti, 2017). The objectives of the study were to understand how families navigated
the transition to parenthood and how parent- and family-level processes influence
children’s sleep and development across the first 2 years of life. The study was
designed to assess families when the target infant was 1, 3, 6, 9, 12, 18, and
24 months. The sample is representative of the geographic area of Pennsylvania
where data collection occurred. The sample consists of two-parent households that
were socioeconomically diverse (median yearly family income was $60,000; 60% of
mothers completed high school) and predominantly White (86%), with the remain-
ing sample split evenly between African American, Asian American, Latinx, or those
who identified as “Other.”

The study utilized a multi-method design where parents provided survey infor-
mation about their well-being, relationship quality, parenting practices, and infant
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behavior at each time point. In addition to survey measures, parents and infants
wore actigraphs to assess multiple domains of sleep, filled out sleep diaries, and
allowed for observation of infant sleep and bedtime practices. The use of observa-
tional assessments of parenting behavior, parent—child interactions, and other
aspects of the family environment allowed for additional information to be obtained
through reliable observer coding. The study has examined numerous longitudinal
research questions, and an overview of longitudinal findings concerning parenting
and family influences on infant sleep can be found in Teti (2017) and in Tedi (chis
volume).

Considerations when conducting research with minoritized populations

Research in developmental science with populations that are historically or currently
minoritized or disadvantaged has garnered significant attention in the past few dec-
ades. Specific focus has been devoted to racial, ethnic, and cultural identities (Boyce
& Fuligni, 2007; Huston, McLoyd, & Coll, 1994; McLoyd, 1998; Schwartz
et al., 2014; Syed et al., 2018), along with an increasing focus on sexual gender
minority (SGM) individuals (Fish, 2020; Toomey, 2021). As greater emphasis has
been placed on understanding development in diverse populations, emerging litera-
ture has started to provide additional guidance to assist researchers on specific issues
pertaining to working with these groups (Syed et al., 2018; Toomey, 2021). It is
important to incorporate these ideas into discussions of general developmental
design in order to bring awareness to relevant issues.

Longitudinal research with populations that are minoritized or disadvantaged
may face particular issues that should be attended to in order to reduce potential
threats to validity and better understand pertinent developmental issues. Research
that is ontogenic and sociogenic in nature is subject to a number of threats to valid-
ity, most notably aging effects. Such threats may be even more apparent as develop-
mental science incorporates intersectional approaches that may not map onto
previous research or methodologies. One example of such a threat concerns termi-
nology and definitions pertaining to race, ethnicity, culture, and sexual gender iden-
tity, where evolving research aims to better understand individuals in these groups.
Similarly, expansions and greater understanding in what is defined as “disability” or
being “differently abled” may also not map onto previous research, and researchers
should consider open-ended responses and alternative approaches to instrumenta-
tion and measurement (Davison et al., 2022; Odom et al., 2007).

Furthermore, research on populations of interest often focuses upon between-
group distinctions; however, it is necessary that careful consideration needs to be
given as to whether such a research design is necessary. Oftentimes, one group is
assumed to be the “norm” and other group(s) are often viewed as “deficient or
abnormal.” Within-group research designs are often underutilized and allow for a
unique understanding of developmental phenomena without comparison to other
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groups, as well as an examination of whether processes and theories operate in the
same way. Developmental researchers should be cognizant of the research questions
that are being examined and be aware of alternative approaches that may best encap-
sulate the development they wish to understand.

Racial and ethnic minority populations Across disciplines, issues of understanding
how race and ethnicity are conceptualized and implemented in research have
received a great deal of attention (Schwartz et al., 2014; Syed et al., 2018). As dis-
cussed above, researchers should be mindful of how individuals define themselves
rather than to assign categories or force selection into predefined groups. Additionally,
minoritized populations are often subject to social stressors such as socioeconomic
adversity and poverty, discrimination, and mistrust of researchers and systems that
may prevent their participation or lead to attrition and biased results in longitudinal
studies. Measures and instrumentation tools that are reliable and valid for use in one
population may not be salient for all racial and ethnic groups, and careful considera-
tion should be given on how to best assess constructs (Harachi et al., 2006). These
issues of instrumentation, recruitment, and measurement can serve as threats to
validity to developmental research.

Social and historical events are likely to introduce cohort effects when examining
individuals in a longitudinal and developmental framework (Okazaki & Sue, 2016).
A recent example of potential cohort effects includes global social justice and politi-
cal movements occurring since 2020 due to the increased violence and hate crimes
against African American/Black individuals and those of Asian descent compared to
other recent generations. In the United States specifically, these have served as piv-
otal events that may introduce cohort effects when examining questions around
ethnic and racial identity, attitudes, and cognitions about issues pertaining to social
justice, as well as a multitude of other developmental research areas.

Research focused on racial and ethnic minoritized individuals in developmental
research needs to pay attention to the paradigm being utilized (Phinney &
Landin, 1998), as well as consider how research constructs are conceptualized
(Okazaki & Sue, 2016). Phinney and Landin (1998) report that research often uses
general process models to understand development when examining racially and
ethnically diverse populations; however, these general process models may overlook
important cultural factors and not consider specific effects of race/ethnicity or cul-
ture on developmental processes. This oversight may inadvertently contribute to
mischaracterized interpretations of findings. Researchers have advocated for a greater
focus on cultural processes, such as cultural connectedness and experiences of dis-
crimination, as relevant toward understanding development rather than merely
using race/ethnicity, place of birth, and other sociodemographic markers (Boyce &
Fuligni, 2007). In addition to these considerations, theoretical models that are spe-
cific to racial and ethnic minority individuals may need to be considered, such as the
seminal work of the integrative model from Coll et al. (1996) that incorporated
social and cultural considerations in the development in minority children.
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Gender and sexual minority populations Research focused on SGM individuals has
received greater attention in the past few decades, with a specific focus on under-
standing mental health disparities (Russell & Fish, 2016). Similar to other minor-
itized populations, longitudinal studies examining SGMs are limited, and Fish
(2020) notes that studies that examine “developmental timing, sequencing, and
constancy of specific experiences (e.g., ‘coming out, victimization, hormone ther-
apy )” are understudied areas despite being of significant importance to SGM indi-
viduals. Additionally, Russell and Fish (2016) note that limited work has focused on
protective and promotive factors that underlie development, leading to potential
bias in how we understand the lives and development of lesbian, gay, bisexual, trans,
queer, and other identities (LGBTQ+).

Research with such populations must consider changes that occur to the socio-
cultural environment and how these changes may impact developmental processes.
Umberson et al. (2015) identify the shifting legal landscape as a particular challenge
that may be important for researchers to consider as these types of issues may present
unique challenges to researchers. Stigma, experiences of discrimination, and diffi-
culties in accessing populations may also contribute to inadequate assessment of
development in these populations. Furthermore, the experiences of those with inter-
sectional identities (e.g., SGM individuals of color) may not be easily captured with
existing methods and instrumentation (Russell & Fish, 2016; Syed et al., 2018).
Each of these aspects may create threats to validity when working with SGM popu-
lations, and recent work provides some guidelines on how to approach such chal-
lenges (Fish, 2020). Additionally, Umberson et al. (2015) provide an overview of
issues concerning sample size, recruitment, and relational and family research aims
as they relate to sexual and gender minority individuals and families.

Socioeconomic adversity and poverty

Socioeconomic adversity and issues of poverty have been longstanding areas of
inquiry among developmental researchers (Conger et al., 1994; Davis &
Havighurst, 1946; Emerson & Hatton, 2009; Huston, McLoyd, & Coll, 1994).
Sample recruitment and attrition issues are of particular concern when conducting
longitudinal research with populations experiencing poverty and related adversity.
Individuals may face barriers to participation such as lack of access to technology,
unstable living and caregiving situations, and access to transportation. These barri-
ers may also contribute to issues of attrition and transient participation that may
contribute to inaccurate findings.

Similar to other minoritized groups, cohort considerations should be made
around socioeconomic events, such as periods of economic recession, war/conflict,
and other catastrophic events that have been experienced by communities and coun-
tries. These types of events may have significant influences on development, includ-
ing alteration of trajectories of development. Additionally, researchers must keep in
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mind that socioeconomic measures may not be valid across the period of study and
may not be accurate representations of economic resources in that society and time
period. One such well-known example of this is the use of the Hollingshead indices
(1975) that were heavily utilized in research that was reliant upon occupation and
levels of educational attainment. Critiques of these assessments have persisted
(Gottfried, 1985), mainly for being outdated due to the changing social contexts
concerning the prestige or value of occupations. Furthermore, Braveman et al.
(2005) indicate that socioeconomic status (SES) measures are not interchangeable
and assessment may not adequately capture the experiences and nuances of poverty,
potentially leading to biased or inaccurate data.

To improve the validity of developmental and longitudinal research in populations
experiencing poverty and socioeconomic adversity, it is crucial to employ appropriate
methodologies, including using measures and assessment tools that consider the cul-
tural and economic contexts. Conger and Donnellan (2006) advocate that research-
ers consider more dynamic and interactionist models, rather than static models, to
best understand how socioeconomic adversity is associated with development.

Disabled and ability-challenged populations

A population that is often less discussed when discussing developmental research is
individuals who are differently abled or have a disability (Odom et al., 2007).
Individuals with disabilities may have impairments that could encompass sensory,
cognitive, physical, or psychological domains. Oftentimes, individuals have varying
levels of impairment and this issue should be considered when making sampling
decisions. The validity of developmental research with these populations is depend-
ent upon researchers being attuned to measurement issues as current developmental
tools may not be sufficient for capturing experiences accurately. Davison and col-
leagues (2022) report techniques for the modification and adaptation of assessment
tools and the use of participatory research with youth with intellectual disabilities.
Disabilities might intersect with other factors like race, gender, and SES, which can
impact individuals’ development in unique ways (Syed et al., 2018). Research should
employ inclusive methodologies that consider diverse abilities and modification of
assessment tools to accommodate different communication styles for high-quality
and valid research.

Conclusion

This chapter provides an overview on the fundamentals of developmental research
design, discussing cohort, age, and time as variables in Schaie’s (1965) general develop-
mental model that are represented in cross-sectional, longitudinal, and retrospective
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designs and the threats to validity baked into each. Although not covered extensively
in this chapter, it is common for different developmental research approaches to be
integrated into a larger developmental study, as when, for example, a study makes
use of multiple birth cohorts of participants and follows them longitudinally or
when a study makes use of a prospective longitudinal design (e.g., involving direct
observation) and a retrospective design to obtain information on a developmental
experience. It is also common for longitudinal designs to be incorporated into
experimental designs to examine the effects of an independent variable on partici-
pant performance over time.

Also discussed in this chapter were micro-longitudinal designs that have come
of age with the emergence of technologies that enable rapid, intensive collection of
data bursts across brief periods of time. Such data bursts can provide researchers
with insights about developmental processes of inherent theoretical interest in their
own right, heretofore not subject to empirical study but that, when embedded into
a larger longitudinal frame (measurement-burst designs), promote insights about
how “in-the-moment” processes contribute to development over the longer term.
It is interesting to speculate about the creative ways that measurement-burst designs
can be used by developmental scientists going forward. Technologies (visual, audi-
tory, tactile, and physiological) that capture in-the-moment information about the
micro-contexts in which subjects participate may be useful for documenting his-
torical experiences unique to an individual. Such a use is consistent with Baltes and
Nesselroade (1979), who called for the systematic study of both normative and
nonnormative historical experiences as predictors of developmental change in addi-
tion to developmental age-graded change. One can envision a myriad of ways in
which longitudinal designs, interspersed with intensive micro-longitudinal data
collection, can help more clearly characterize between-subject differences in his-
torical experiences (e.g., in home, school, or work contexts) that can help account
for changes over time and developmental outcomes more attributable to history
than to age. Similarly, micro-longitudinal designs may enable a more fine-grained
identification and examination of within-family individual differences and their
influence that exist along interpersonal dimensions. Examples of differential
within-family histories that burst designs might help elucidate are the different
social, emotional, and learning environments that one sibling creates for another in
the same family or in-the-moment individual differences in differential treacment
of children growing up.

Lastly, this chapter discussed the application of developmental designs to under-
studied populations and the issues attendant to each. The dearth of developmental
research in underserved, underrepresented populations is conspicuous, as is also the
case in non-Western cultures across the world. Understanding developmental change
and developmental processes within and across multiple cultural contexts, at the
individual and family level (e.g., family formation), and the variation that exists
within culture, is critically important for the viability of developmental science as a
discipline.
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The utility and application of developmental designs continue to grow and prolif-
erate in areas of study both traditionally and not traditionally deemed as develop-
mental (Biller etal., 2024; Folling et al., 2022; Murray et al., 2024; Pfund etal., 2022;
Stolz et al., 2024). We look forward to seeing the new and creative ways in which
developmental design can be used to inform different fields of inquiry as ways of
measuring and analyzing change across multiple time scales continue to advance.
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