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This book provides a systematic exposition of a group-based statistical method for analyzing longitudinal data in the
social and behavioral sciences and in medicine. The methods can be applied to a wide range of data, such as that
describing the progression of delinquency and criminality over the.

By contrast, individuals in the low aggression group are least likely to suffer from these risk factors. In
between are the moderate- and high-declining groups. An important generalization of the base model allows
for joint estimation of both the shapes of the trajectory groups and the impact of psychosocial characteristics
on the probability of trajectory group membership. For example, such an analysis shows that the probability of
trajectory group membership is significantly predicted by low IQ, low paternal education, and being born to a
mother who began childbearing as a teenager Nagin and Tremblay, a. It is not intended to be a tutorial on the
use of any particular computer software package for estimating the models. At this time there are two
excellent software alternatives for estimating group-based trajectories models. It is described in Jones, Nagin,
and Roeder and in documentation available through the Web sites of the author and of Jones and at http: There
are, of course, differences between these two software alternatives, but for the purposes of this book they are
not material. With the exception of the Poisson modeling capability available in Proc Traj, the types of
analyses described in this book generally can be conducted with either software package. Cambridge Study of
Delinquent Development. The Cambridge Study of Delinquent Development the London study tracked a
sample of British males from a working-class area of London. Data collection began in â€”62, when most of
the boys were age 8. Criminal involvement is measured by the number of convictions for criminal offenses
and is available for all individuals in the sample through age 32, with the exception of the eight individuals
who died prior to this age. The demonstrations are based on the individuals who survived to age For a
complete discussion of the data set, see Farrington and West Montreal Longitudinal-Experimental Study of
Boys. The subjects in the Montreal Longitudinal-Experimental Study of Boys the Montreal study were part of
a longitudinal study started in the spring of Thus a homogeneous white, French-speaking sample was created.
The sample was reduced to 1, boys after applying these criteria and eliminating those who refused to
participate and those who could not be traced. Informed consent was regularly obtained from mothers and the
youths throughout the study. Assessments were made at age 6 and annually from ages 10 to Wide-ranging
measurements of social and psychological function were made on the basis of assessments by parents,
teachers, and peers, the self-reports of the boy himself, and administrative records from schools and the
juvenile court. See Tremblay et al. These chapters develop the statistical foundation for group-based trajectory
modeling. The results reported in Figures 1. Chapter 2 describes how mixture modeling can be used to capture
heterogeneous groupings of developmental trajectories for a range of data types commonly found in
longitudinal data sets. Chapter 3 discusses the use of trajectory groups as a statistical device for capturing the
essential features of a more complex underlying reality. Chapter 4 provides detailed guidance on one of the
most important modeling challenges attendant on the use of the group-based methodâ€”choosing the number
of trajectory groups to be included in the model. Chapter 5 shows how the final model can be used to assign
individuals to the trajectory group to which they most likely belong. Chapters 6, 7, and 8, which form Part II,
describe three important generalizations of the basic model. Chapter 6 develops a model extension that allows
the probability of trajectory group membership to vary with characteristics of the individual. This model
generalization creates the capacity for identifying and testing early predictors of long-run patterns of behavior.
Such factors could include a turning-point event such as being held back in school, an intervention such as
counseling, or an ecological factor such as changing neighborhood poverty. Chapter 8 describes a model
extension that allows for the estimation of dual-trajectory models. This extension permits the investigator to
study the unfolding of two distinct but related outcomes in a trajectory format. With this extension, trajectory
modeling can be used to analyze two prominent themes in developmental psychopathology: Chapter 9
discusses potential pitfalls in the application of group-based trajectory modeling. It closes by returning to the
central theme of this bookâ€”that trajectory groups are a powerful statistical device for summarizing complex
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longitudinal data sets and for drawing statistical inferences based on the resulting data summaries. The
applications in Figures 1. As will be formally developed in section 2. An attractive feature of this structure is
that it has the generality and flexibility to accommodate the wide variety of data types that are commonly
present in longitudinal data sets. The specific form of the likelihood function is demonstrated for three types of
dataâ€” censored data for example, many psychometric scales measuring constructs such as altruism and
depression , count data, and binary data. Rather they are the product of maximum likelihood estimation. The
specific form of the likelihood function to be maximized depends on the type of data being analyzed, but all
are a special form of the following underlying likelihood function: For expositional convenience, yit will
generally be described as the behavior of an individual. Let P Yi denote the probability of Yi. As will be
developed below, for count data P Yi is specified as the Poisson distribution, for censored data it is specified
as the censored normal distribution, and for binary data it is specified as the binary logit distribution. The
particular form of this parameter set is distribution specific. However, across all distributions, these parameters
perform the basic function of defining the shapes of the trajectories and the probability of group membership.
As will be developed in detail below, in both standard growth curve modeling and group-based trajectory
modeling, the shapes of the trajectories are described by a polynomial function of age or time. CHAPTER 2
The Basic Model 25 If the parameters of this polynomial function were constant across population members,
the expected trajectory of all population members would be identical. Neither standard growth curve methods
nor the group-based method assumes such homogeneity. Indeed the assumption of homogeneity is antithetical
to the objective of either approach, because both aim to analyze the reason for individual differences in
development. Standard growth curve modeling assumes that the parameters defining the polynomial describe
only a population mean and that the trajectories of individual population members vary continuously about
this mean, usually according to the multivariate normal distribution. The group-based method assumes that
individual differences in trajectories can be summarized by a finite set of different polynomial functions of age
or time. Each such set corresponds to a trajectory group which is hereafter indexed by j. If it were possible to
observe group membership, the sampled individuals could be sorted by group membership and their trajectory
parameters estimated with readily available Poisson, censored normal tobit , and logit regression software
packages. However, group membership is not observed. Thus construction of the likelihood function requires
the aggregation of the J conditional likelihood functions, P j Yi , to form the unconditional probability of the
data, Yi: Conventional growth curve models are also a type of mixture model. For this 26 E Laying Out the
Basic Model class of models, however, the mixing distribution is not finite. Instead it is defined by a
continuous function, usually the multivariate normal distribution. Specifically, the model assumes that the
parameters defining the mixture of individual-level trajectories in the population are drawn from a multivariate
normal distribution. For given j , conditional independence is assumed for the sequential realizations of the
elements of Yi , yit , over the T periods of measurement. The rationale for the conditional independence
assumption deserves elaboration. Thus p j yit does not include prior values of yit in its specification. This
assumption greatly reduces the complexity of an already complex model. Because of this reduction in
complexity, most applications of finite mixture modeling with longitudinal data assume conditional
independence for the sake of tractability. On its face, the conditional independence assumption may seem
implausible, because it would seem to imply that current behavioral outcomes are uncorrelated with past
outcomes. At the level of the group, which is not observed, this is indeed the case. For individuals within a
given group j , behavioral outcomes over time are assumed not to be serially correlated in the sense that
individual-level deviations from the group trend are uncorrelated. Even with the assumption of conditional
independence at the level of the latent group, however, there will still be serial dependence over time at the
level of the population. Specifically, past outcomes will be correlated with current outcomes for example,
across individuals, body mass indices at period t will be correlated with their values in subsequent periods.
Such serial dependence results from the group-specific specification of p j yit. Difference in this specification
across groups allows for persistent differences of the outcome variable across population members. The
conditional independence assumption is also invoked in the standard random effect model that underlies
conventional growth curve models. Thus, in the groupbased model the conditional independence assumption
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is made at the level of the group, whereas in the random effect model it is invoked at the level of the
individual. In this sense, the conditional independence assumption is stronger in the group-based model than
in the standard random effect model. Balanced against this disadvantage is the advantage that the group-based
model does not make the strong assumption that the random effect is independently and identically distributed
according to the normal distribution. The likelihood for the entire sample of N individuals is simply the
product of the individual likelihood functions of the N individuals who make up the sample, equation 2. The
specific form of the likelihood for each data type is derived in sections 2. Suppose a population is composed of
two distinct groups: Longitudinal data on the recorded offenses of a sample of individuals from this population
would reveal two distinct groups: From this one might mistakenly conclude that the rate of offending is
invariant with age in this population. The parameters of one component of the mixture would effectively be
used to accommodate that is, match the youth-offending portion of the data whose offending declines with age
and another component of the mixing distribution would be available to accommodate the adult offender data
whose offending increases with age. For example, consider the teacher ratings of physical aggression used to
estimate the trajectories reported in Figure 1. The minimum and maximum of this scale were, respectively, 0
and 6. Teacher ratings of physical aggression decline, on average, over the 7 assessment periods. At age 6, By
age 15, the percentage at the scale minimum had increased to Conversely, the percentage of boys at the scale
maximum declines from 5. Other examples of data with censoring are grade point averages and annual
household expenditures on durable goods. The censoring in grade-pointaverage data arises from the clustering
of top students at the highest possible grade point. In the case of durable purchases the censoring is caused by
a substantial fraction of sampled households that will make no purchase in any given year. The model
developed in this section can also be used for data which is measured on a continuous scale without censoring,
such as the body mass index or pollution discharge levels. Adaptation of the general model to censored data
requires two key modeling assumptions: For such applications, equation 2. For example, Christ et al. In that
study the trajectories were defined in terms of the time elapsed following provision of the computer and
Internet connection.
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Adapted from Figure 1 in McGrath, , p. Her punctuated equilibrium model Gersick, , , suggests that groups
develop through the sudden formation, maintenance, and sudden revision of a "framework for performance".
This model describes the processes through which such frameworks are formed and revised and predicts both
the timing of progress and when and how in their development groups are likely, or unlikely, to be influenced
by their environments. Her proposed model works in the following way. Phase I According to the model, a
framework of behavioral patterns and assumptions through which a group approaches its project emerges in its
first meeting, and the group stays with that framework through the first half of its life. Teams may show little
visible progress during this time because members may be unable to perceive a use for the information they
are generating until they revise the initial framework. Midpoint At their calendar midpoints, groups experience
transitions-paradigmatic shifts in their approaches to their work-enabling them to capitalize on the gradual
learning they have done and make significant advances. The transition is a powerful opportunity for a group to
alter the course of its life midstream. But the transition must be used well, for once it is past a team is unlikely
to alter its basic plans again. Phase 2 A second period of inertial movement, takes its direction from plans
crystallized during the transition. At completion, when a team makes a final effort to satisfy outside
expectations, it experiences the positive and negative consequences of past choices. This model, although
linear in a sense, takes the perspective that groups achieve maturity as they continue to work together rather
than simply go through stages of activity. The table below describes each one of these phases. Stage I
Dependency and Inclusion The first stage of group development is characterized by significant member
dependency on the designated leader, concerns about safety, and inclusion issues. In this stage, members rely
on the leader and powerful group members to provide direction. Stage II Counterdependency and Fight In the
second stage of group development members disagree among themselves about group goals and procedures.
Conflict is an inevitable part of this process. Conflict also is necessary for the establishment of trust and a
climate in which members feel free to disagree with each other. Communication becomes more open and
task-oriented. This third stage of group development, referred to as the trust and structure stage, is
characterized by more mature negotiations about roles, organization, and procedures. Having resolved many
of the issues of the previous stages, the group can focus most of its energy on goal achievement and task
accomplishment Final Groups that have a distinct ending point experience a fifth stage. Impending termination
may cause disruption and conflict in some groups. The GDOS allows researchers to determine the
developmental stage of a group by categorizing and counting each complete thought exhibited during a group
session into one of eight categories: Her results seem to indicate that there is a significant relationship between
the length of time that a group had been meeting and the verbal behavior patterns of its members. Also,
members of older groups tended to perceive their groups to have more of the characteristics of Stage-3 and
Stage-4 groups and to be more productive. The periods of development are labeled "stages" and conceived to
be "relatively informal, indistinct, and overlapping", because "sharp demarcations are not often characteristic
of the dynamic situations in which operational teams work and develop". According to this model, teams
might begin a given period of development at different stages and spend different amounts of time in the
various stages. Teams are not always expected to progress in a linear fashion through all of the stages. The
TEAM model identities a total of nine stages, seven central ones supplemented by two additional ones. The
development of a team might be recycled from any of the final stages to an earlier stage if necessitated by a
failure to achieve satisfactory performance or if adjustments to environmental demands are required or if
problematic team interactions develop. The core stages of the model are preceded by a pre-forming stage that
recognizes the forces from the environment environmental demands and constraints that call for, and
contribute to, the establishment of the team; that is, forces external to the team before it comes into existence
that cause the team to be formed. The last stage indicates that after the team has served its purpose, it will
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eventually be disbanded or de-formed. Here, individuals exit from the group separately or simultaneously and
the team loses its identity and ceases to exist. The TEAM model also postulates the existence of two
distinguishable activity tracks present throughout all the stages. The first of these tracks involves activities that
are tied to the specific task s being performed. These activities include interactions of the team members with
tools and machines, the technical aspects of the job e. The other track of activities is devoted to enhancing the
quality of the interactions, interdependencies, relationships, affects, cooperation, and coordination of teams.
The proponents of the model did not test its components or sequence of stages empirically but did confirm that
the perceptions of team members concerning the performance processes of the team are perceived to include
both team-centered and task-centered activities and that these perceptions seem to change over time as a result
of team training. The Multilevel Perspective is an integration of these analyses into one unified approach. It
suggests that group development and success can be best understood by taking into account components found
at all levels of analysis. Group behavior can be broken down into 3 levels of analysis: Individual Level Refers
to the personal qualities and characteristics of individual group members, as well as their actions. Group Level
Refers to the qualities and characteristics of the group as a whole, such as how cohesive the group is, what is
its size, how is it structured, etc. Organizational or Societal Level Refers to the qualities, characteristics, and
processes of the larger collectives of which a group is a part of i. In truth, highly complex systems, such as
groups, can have components that cannot be explained by looking at the properties of say, the individual. In
order to get a true understanding of group dynamics, it is important that one focuses on the big picture.
Hackman emphasizes this point via an example of his previous research on the effectiveness of airline cockpit
crews. The study looked at crews from various airlines located in the U. The crews varied based on success,
and the current barriers they were facing, which included things such as economic difficulty and other external
stressors. At first, the analysis included structural features design of the flying task and the crew itself that
were assessed using methods that included surveys, interviews, and reviews of training and procedure
manuals. Once the data analysis began, a one-way analysis of variance showed that the airlines had nearly no
variation on measures of crew structure and behavior. These results were quite contradictory to what had been
expected, but fortunately, Hackman had also collected data on a number of individual and contextual factors,
just in case. At the individual level, it appeared as though the airlines once again did not vary significantly, but
at the organizational level the source of variance was found. A total of five key features were determinants of
crew success: If the researchers had chosen to collect data at just one level of analysis e. When studying group
development and dynamics, it is important that all levels of analysis are taken into consideration. While it may
be tempting to focus mainly at the group level, important information may be present either one level up the
organizational level or one level down the individual level. Chaos Theory of Nonlinear Dynamics[ edit ]
Chaos Theory is a concept taken from the physical sciences. It challenges models that postulate linear and
sequential processes, and instead suggests that development is inherently unpredictable. When a system is
prone to be resolved in a certain way, but is not determined by a certain trajectory or constrained by time then
this system is said to have a strange attractor. For groups, working as a functioning, effective team serves as
the strange attractor, because this is the state groups naturally wish to return to after a chaotic period. Further,
the influence of leadership within a chaotic system has been examined to ascertain how turbulent processes
can be managed or guided towards successful outcomes [5]. Further challenges[ edit ] Apart from the question
of the validity of the research methods used and the generalizations that can be made based on the types of
groups studied, there still remain some significant challenges in the study of group development. As some
researchers have pointed out e. Tuckman, group development models often provide only snapshots of groups
at certain points of their history but do not fully describe the mechanisms of change, the "triggers" that lead to
change or the amount of time that a group might remain in a stage. Furthermore, naturally occurring groups
tend to be highly sensitive to outside influences and environmental contingencies, but few models account for
these influences. Models of "small" group development are also related to those of organization development
but operate at a different level of analysis. Despite their differences, both areas of work attempt to understand
patterns and processes of collective change. Both fields should strive to develop "process-oriented" theories,
which according to Poole and Van de Ven Provide a deep understanding of how change comes about by

Page 5

GROUP-BASED MODELING OF DEVELOPMENT pdf
describing the generative mechanism that drives the process; Can account for path dependence and the role of
critical events in change and innovation; and Can incorporate the role of human agency in change without
reducing it to causal terms. A number of questions still remain unanswered in the study of group development
over time. As McGrath and Tschan stated, some of these challenges include: Do groups of all types change in
the same way? Are the temporal patterns in groups in fact developmental stages with the changes patterned so
that the same kinds of structures and processes occur in the same fixed sequences for all groups? If there is a
fixed sequence of stages of development, are the stages of equal or different durations? Do all groups go
through these stages at the same rate? Is the pattern of stages immutable or subject to alteration by unique
circumstances or events external to the group?

Page 6

GROUP-BASED MODELING OF DEVELOPMENT pdf
3: Group development - Wikipedia
Group-Based Modeling: An Overview June This chapter provides an overview of a group-based statistical methodology
for analyzing developmental trajectoriesâ€”the evolution of an outcome over.

The development of physical aggression from toddlerhood to pre-adolescence: A nation-wide longitudinal
study of Canadian children by Sylvana M. Tremblay - Journal of Abnormal Child Psychology , " The
objectives of the study were to model the developmental trajectories of physical aggression PA from
toddlerhood to pre-adolescence and to identify risk factors that distinguish typical normative from atypical
developmental patterns. Using a group-based trajectory approach, we identified three groups of children with
distinct developmental trajectories between 2 and 11 years of age. One third of the children The majority of
children One sixth of the children Multivariate logistic regression indicated that children in the high PA
trajectory group were more likely to be boys OR: In sum, the results indicate that the typical developmental
pattern of PA was one of occasional and declining use over time. However, about one sixth of children, mostly
boys from Show Context Citation Context Within this view, children are typically expected to exhibit less PA
as they approach adolescence. Studies investigating the development of aggression have reported increasing as
well as decreasing Autonomous, controlled, and amotivated types of academic motivation: A person-oriented
analysis by Catherine F. Studies 1 and 2 performed on high school students revealed 3 profiles: Study 3
performed on college students revealed 3 profiles: Study 3 indicated that students in the autonomous group
were more persistent than students in the other groups. Results are discussed in light of self-determination
theory E. This article is a follow-up to Jones, Nagin, and Roeder , which described a SAS procedure for
estimating group-based trajectory models. Group-based trajectory is a specialized application of finite mixture
modeling and is designed to identify clusters of individuals following similar progressi Group-based trajectory
is a specialized application of finite mixture modeling and is designed to identify clusters of individuals
following similar progressions of some behavior or outcome over age or time. This article has two purposes.
One is to summarize extensions of the methodology and of the SAS procedure that have been developed since
Jones et al. The other is to illustrate how group-based trajectory modeling lends itself to presentation of
findings in the form of easily understood graphical and tabular data summaries. Combining propensity score
matching and group-based trajectory analysis in an observational study by Amelia Haviland, Rand
Corporation, Daniel S. Rosenbaum - Psychological Methods , " In a nonrandomized or observational study,
propensity scores may be used to balance observed covariates and trajectory groups may be used to control
baseline or pretreatment measures of outcome. The trajectory groups also aid in characterizing classes of
subjects for whom no good matches are availab The trajectory groups also aid in characterizing classes of
subjects for whom no good matches are available and to define substantively interesting groups between
which treatment effects may vary. These and related methods are illustrated using data from a Montreal-based
study. The effects on subsequent violence of gang joining at age 14 are studied while controlling for measured
characteristics of boys prior to age The boys are divided into trajectory groups based on violence from ages
11 to Within trajectory group, joiners are optimally matched to a variable number of controls using propensity
scores, Mahalanobis distances, and a combinatorial optimization algorithm. Use of variable ratio matching
results in greater efficiency than pair matching and also greater bias reduction than matching at a fixed ratio.
The possible impact of failing to adjust for an important but unmeasured covariate is examined using
sensitivity analysis. Observations on the use of growth mixture models in psychological research by Daniel J.
Bauer - Multivariate Behavioral Research , " Psychologists are applying growth mixture models at an
increasing rate. This arti-cle argues that most of these applications are unlikely to reproduce the underlying
taxonic structure of the population. At a more fundamental level, in many cases there is probably no taxonic
structure to be found. Latent growth classes then cate-gorically approximate the true continuum of individual
differences in change. This approximation, although in some cases potentially useful, can also be
problem-atic. The utility of growth mixture models for psychological science thus remains in doubt. Some
ways in which these models might be more profitably used are suggested. Growth mixture models GMMs are
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designed to separate a general population of individuals into subgroups characterized by qualitatively distinct
patterns of change over time. In this article, I offer a few observations on the application of these models in
psychological science. Like many, I was initially excited about the potential of GMMs. After several years of
evaluating these models and reviewing applications, however, I am now skeptical that they will meaningfully
advance our understanding of psychosocial development. In what follows, I outline key methodological and
theoretical concerns that I have with current applications of GMMs. This claim conflates methodology with
theory. The person-centered or personoriented approach to psychological research is deeply rooted in the
holisticinteractionist paradigm articulated b Developmental trajectories of anxiety symptoms among boys
across early and middle childhood by Xin Feng, Daniel S. Silk - Journal of Abnormal Psychology , " Anxiety
symptoms were measured using maternal reports from the Child Behavior Checklist T Anxiety symptoms
were measured using maternal reports from the Child Behavior Checklist T. Achenbach, , for boys between
the ages of 2 and A group-based trajectory analysis revealed 4 distinct trajectories in the development of
anxiety symptoms: Child shy temperament tended to differentiate between initial high and low groups,
whereas maternal negative control and maternal depression were associated with increasing trajectories and
elevated anxiety symptoms in middle childhood. The results are discussed in terms of the mechanisms of risk
factors and implications for early identification and prevention. Show Context Citation Context On the
progression and stability of adolescent identity formation. Schwartz, Susan Branje - Child Development , "
This study examined identity development in a 5-wave study of early-to-middle and middle-to-late
adolescents thereby covering the ages of 12â€” Systematic evidence for identity progression was found: The
number of diffusions, moratoriums, and searching moratoriums a newly obtained status The number of
diffusions, moratoriums, and searching moratoriums a newly obtained status decreased, whereas the
representation of the high-commitment statuses 2 variants of a [fore]closed identity: We also found support for
the individual difference perspective: Identity progression was characterized by 7 transitions: Erikson
theorized that one of the main tasks for adolescents is to develop a coherent sense of identity. Marcia
distinguished four identity Show Context Citation Context First, a solution with k classes should result in
improvement of model fit compared to a solution with k 1 classes, indicated by a decrease of the Bayesian
information criterion BIC. Developmental typologies of identity formation and adjustment in female emerging
adults: A latent class growth analysis approach by Koen Luyckx, Seth J. The developmental interplay between
identity and adjustment was exam-ined in a seven-wave longitudinal study of European female college
students Mage5
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ABSTRACT: We aimed to clarify the effects of the praise of mothers on their month-old offspring by tracing the trajectory
of the latter's' social competence from this time to 30 and 42 months. The participants were mother-child dyads whose
interaction was observed when the children were.
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