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Developing an Initial Classification System

This document describes SSA's proposed plans for developing a classification system, or
taxonomy, of occupations for use in the Occupational Information System (OIS) being
developed to replace the Dictionary of Occupational Titles (DOT). We intend for the
paper to serve as a starting point for Occupational Information Develop Advisory Panel
discussion and deliberation. We will use the Panel’s recommendations to devel op our
final plans and methods for developing an initial classification. In the sections below, we
begin by summarizing the various types of taxonomies that we think are needed for the
new OIS, and the characteristics that a sound taxonomic structure should possess.

We then describe the two-phase process that SSA will use to develop a new title
taxonomy, which will begin by constructing an initial taxonomy that will be used during
theinitial population of the OIS database. After the database is sufficiently popul ated
using our job-side data collection survey, arevised title taxonomy will be developed. As
the OIS database grows over time, periodic updates to the taxonomic structure will be
developed.

Before we get into the specifics of developing a classification system, we should pause
and recall what SSA’s actual requirements are for an OIS and why this process is such a
challenge. Briefly, any occupational resource that SSA uses must meet at |east three
criteria. First of all, the OIS needs to reflect the national existence and incidence of
work. The OIS must even include jobs that are only available in certain regions of the
country. Secondly, the OIS must reflect work requirements at such alevel of aggregation
that it enables SSA to compare the work requirements of occupations with an individual’s
ability to perform work. Thirdly, the OIS must be legally defensible. SSA must meet a
burden of proof regarding a determination that a claimant has the ability to perform other
work in the national economy. Although the DOT isimperfect, its level of occupational
title taxonomy is not overly abstract, and it has withstood challengesin court. In short,
the level of aggregation of occupations must be granular enough to capture information
specific to an occupation to allow for disability evaluation but high enough to be
manageable in terms of measurement, data collection, and the utility of the occupational
classification system. The OIS must reflect occupations that are aggregated so that they
are as homogeneous as possible for elements that are most critical to SSA. Determining
this level of aggregation presents perhaps one of the biggest challenges for the new OIS.
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Role of Taxonomiesin the OIS

Job- and Person-side taxonomies. Several different types of taxonomic structures will be
used in the new OIS. Figure 1 summarizes the two taxonomies that are most relevant to
the content model that will be implemented in the new OIS. These taxonomiestell us
what kind of information we should collect to describe work activities and characteristics
(the job side of Figure 1) versus the personal attributes of workers or claimants (the
person side of Figure 1).

A common characteristic of taxonomiesis that they tend to exhibit a hierarchical
structure, ranging from high detail at the lower end to high abstraction at the upper end.
The various degree-of-specificity levels of the taxonomy are denoted by the Level 1
through Level 5 labels on the right.

Occupational title taxonomy. Although the above two taxonomies of work-content and
worker-characteristics are critically important in the new OIS, they are not the focus of
this paper. Rather, the taxonomy that is of interest here concerns the way in which
occupational titles are identified and described.

Simply put, the two taxonomic structuresiillustrated in Figure 1 tell us how to describe
the aspects of the world of work that are relevant to disability determination. The
occupational title taxonomy, in contrast, tells us what organizational entities should be
described in the new OIS. In the DOT, the rated entities were occupations, and we intend
to continue to use that level of analysisin the new OIS as well.

Figure 2 illustrates the hierarchical nature of title taxonomies. The lower end of Figure 2
provides the most specificity, describing individual positionsin the economy. Here, a
position is defined as the tasks, duties, and responsibilities that are assigned to asingle
worker; unless there are unfilled positions, the number of positions equals the number of
employees in an organization.

In avery important sense, the position represents the only “real” or non-hypothetical
aspect of thetitle taxonomy. That is, positions clearly exist, and the work that is
performed by the position incumbent can be objectively observed and described. In
contrast, all of the higher-level entitiesin Figure 2 are to varying degrees hypothetical
constructs that we use to simply the task of describing work.

The job defines the level of abstraction above the position (denoted Level 2); as Figure 2
illustrates, jobs are formed by combing similar positions within a given organization.
Given that the different people who perform ajob often perform it somewhat differently,
or perform it in different situations or locations, the job represents an abstraction or
hypothetical entity. The key characteristic that must be satisfied when clustering positions
to form jobs is that the work performed (and worker requirements) across the positionsin
guestion must be similar enough that they can share the same job description and
selection standards.
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Although some degree of within-title variability is typically seen between the work
activities performed by the various positionsin agiven job, it must not be so large that a
single job description cannot accurately describe all of the positionsin the title. Likewise,
cross-position variability cannot exist to the point that different levels or types of worker-
requirement characteristics (abilities, skills, experience, knowledge) are required to
perform the different positionsin ajob. In such cases, a single job description or set of
selection standards is not sufficient, and the title should be split into more homogeneous
clusters.

The horizontal dashed line in Figure 2 separates entities that exist within individual
organizations or companies (below the line) versus entities that exist across
organizations. The occupation defines the next level of abstraction (i.e., Level 3) in
Figure 2; occupations are defined as collections of jobs that exist across a number of
organizations, and that are similar enough with respect to their work activities and worker
requirements that they can be treated interchangeably for some purpose. The term job
family is at times used synonymously with occupation.

It isimportant to stress the purpose-specific nature of the above definition. That is,
collections of jobs may be similar enough to share an occupational or job-family title for
some applied purposes (e.g., to set employee-selection standards using general cognitive
or physical ability tests), but not similar enough to be viewed as interchangeable for
others (e.g., developing atraining program).

In our context, the purposes that concern SSA when forming an occupational taxonomy
center on the various decisions that must be made during the disability determination
process. Although to some degree these purposes may appear to be similar to those
involved in employee selection and/or placement applications, they may also diverge in
important respects. In particular, for many of the usesto which thisinformation will be
put, SSA arguably requires more finely-delineated occupations for disability-
determination than might be needed for other purposes (e.g., setting compensation rates,
determining whether a general ability test isavalid predictor of job performance). Thisis
due to the fact that for SSA's purposes, the occupational groupings must be sufficiently
homogeneous with respect to all of the work activity and/or worker-requirement
attributes that are relevant to the disability adjudication issue at hand.

Because the number of these attributes could potentially be quite large, thisimplies that
the number of occupational titles required to form homogeneous clusters could aso be
appreciably larger than the number seen in, for example, the SOC taxonomy. However,
such a system could still be sufficiently more parsimonious than the DOT taxonomy, asit
is possible that many titles that are distinct in the DOT would be found to be sufficiently
homogeneous on the disability-related attributes of interest to usto justify being
combined into acommon title.

Asaresult of this divergence, the taxonomic structure that SSA determinesis optimal for
our needs may well differ substantially from the occupational taxonomies that are
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deemed adequate for other purposes by other organizations. As was discussed in more
detail in the SSA Concerns Regarding O* NET (2009) document, thisis one of the reasons
why SSA determined that the O* NET system, and its underlying Standard Occupational
Classification (SOC) title taxonomy, was not suitable for our disability adjudication
needs. Instead, we need alevel of specificity closer to that seen in the DOT.

The next level up in terms of abstraction (Level 4) in the Figure 2 hierarchy consists of
clusters of DOT-level occupations that are deemed similar-enough for some purpose(s) to
be able to share acommon description of their activities and worker requirements. The
occupational units (OUs) used by the O*NET and SOC taxonomies provide examples of
this level of abstraction.

Although thislevel of abstraction may be deemed adequate to address some applied
functions, SSA has determined that it is too abstract for disability evaluation. That is,
because dozens or hundreds of DOT-level occupations are combined to form a single OU
in the O*NET/SOC taxonomies, the amount of within-OU variability with respect to both
work activity and worker-trait requirementsis often substantial. Thisissue is discussed
further in the following section.

Finally, at Level 5 of the hierarchy are the types of job families that many proponents of
validity generalization (VG) view as representing the correct level of abstraction for
identifying worker-selection requirements on general cognitive, physical, and similar
tests. Although some authors have argued that only two or three Level 5 clusters are
needed for employee selection purposes using aV G-based argument, it would of course
be possible to specify alarger number than the three shown in Figure 2 and still define
clusters having this highest level of abstraction.

Given that SSA has determined that the degree of abstraction seen in the Level 4 clusters
used in O*NET/SOC is too abstract for disability adjudication, these Level 5 clusters are
of little interest in our taxonomic work. In the following section, we examine the
desirable characteristics of an effective title taxonomy.

Characteristics of a Good Title Taxonomy

Describes all jobsin the economy. Perhaps it appears somewhat obvious, but it bears
stating that one essential characteristic of agood title taxonomy for SSA’s purposes is that
it comprehensively describes all work that exists in the economy, and that it is able to
classify every job or occupation in the economy into one of itstitle clusters. That is,
while some sectors of the labor market may be more important to SSA disability
adjudication than others, the OIS should reflect all the work in the U.S. economy based
on the extent to which the OIS groupings of occupations result in acceptable levels of
homogeneity for elements that are most critical to SSA.
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Indeed, the O* NET/SOC taxonomy does not classify onein five DOT occupationsinto a
functional OU category. Instead, they have been grouped with “all other” titles that are
not rated, and for which O* NET does not report occupational information.

Clearly, SSA does not have the luxury of developing atitle taxonomy that is so abstract,
or constructed in such a non-comprehensive fashion, that DOT-level occupations by the
thousands cannot meaningfully be slotted into it (asis the case with the O*NET/SOC
taxonomy). Being able to exhaustively define all work as it existsin the economy is
essential for any taxonomy used at SSA because we must evaluate claimants’ past work
and, at times, we must assess the extent to which claimants’ skill may transfer to other
work for which they retain the functional capacity to do.

Consistent level of granularity. Another presumably obvious characteristic that should be
possessed by a high-quality title taxonomy is that its occupational clusters should define a
consistent level of detail or granularity across the taxonomy. That is, regardless of the
total number of titles, it should not be the case that some titles are much more finely
defined than others.

For example, although approximately onein eight O* NET/SOC titles contains only one
DOT occupation, others contain hundreds (and in one case, ailmost 1,600) individual
DOT occupations. Similarly, an examination of the titlesin the SOC taxonomy suggests
that it defineswork using a highly variable level of granularity. That is, although the
O*NET/SOC taxonomy reflects separate titles for Industrial-Organi zational
Psychologist, School Psychologist, Clinical Psychologist, Counseling Psychologist, and
Psychologist/All Other, it combines over 700 DOT occupations as diverse as Dispatcher,
Wrecking Supervisor, Uranium Processing Plant Supervisor, Head Grease Maker, Chief
Projectionist, and Mexican Food Cook into asingle title called First Line
Supervisors/Managers of Production and Operating Workers. Also, the O* NET/SOC has
separate titles for Gaming Change Persons and Booth Cashiers and Gaming Cage
Workers, but 18 other titles including Food Checker, Toll Collector, and Paymaster of
Purses are combined into asingle OU labeled Cashiers.

Acceptably low within-title heterogeneity. Perhaps the most critical characteristic that a
high-quality occupational title taxonomy will exhibit concerns the degree of within-title
variability that is present between the jobs that are combined to form Level 3 occupations
(or the occupations that are combined to form Level 4 clusters). The bottom-line test of
whether this has been done accurately isto ask whether al of the entities that are
clustered together to form atitle are similar enough with respect to the relevant work
activities and worker-trait requirements of interest to share a single description of their
activities (and set of worker-requirement standards).

To illustrate why heterogeneity poses such a problem for SSA, Figure 3 presents a bubble
plot of the numbers of DOT occupations that receive various combinations of ratings on
the Srength (the vertical axis) and SVP (horizontal axis) scales from the DOT for the
SOC title of Carpenters. Solid circles represent the DOT occupations considered “ core”
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by the O*NET, and the dashed circles represent ones that would be ignored when
computing the OU-mean levels of Srength or SVP for thistitle. Figure 4 presents a plot
of the factor-score profiles for the DOT occupations that were grouped to form this SOC
cluster (each line connects the scores for each DOT title on ten factors that were extracted
from the 63 DOT worker-requirement scales).

As an inspection of the resultsin Figures 3 and 4 readily indicates, a massive level of
within-OU variability existsin this SOC title, both with respect to the relatively focused
issue of the overall Srength and SVP requirements (which range from Unskilled to
illed, and from Medium to Very Heavy) as well as the more detailed similarity on the
collection of characteristics rated by the DOT. Unfortunately, the level of within-title
variability shown in this example is widespread in the O* NET/SOC taxonomy.

In sum, for SSA's purposes, it is essential that we satisfy all of the above criteria.
Arguably, the root cause of the fundamental problems seen in the O*NET/SOC title
taxonomy can be traced back to the manner in which the occupations were classified.
Classification isacritical and formative step in the development of an effective OIS.

Developing an Initial Classification System

Picking a starting point. The process of developing an initia title taxonomy for usein
SSA's new OIS presents something of a chicken-and-egg situation. That is, to begin
collecting data and populating our OIS, we must know which organizational entities
(Figure 2) we will be targeting for description. However, until we have alarge database in
hand that was collected using the items contained in our SSA-optimized content model
(the job-side of Figure 1), we will not be able to identify an optimal title taxonomy
(particularly, with respect to meeting the third taxonomic goal of adequate within-title
homogeneity).

Obvioudly, we need to start somewhere. The strategy we plan to follow involves
developing an initial classification taxonomy that we do not anticipate will be retained
over the long-term, but that will be adequate for beginning the data collection process and
providing away to transition from the DOT-based taxonomic system now used by SSA.

Thisinitial taxonomy will be informed and refined by job analysis data that SSA is able
to gain accessto prior to developing and using our own data-collection instruments that
implement the job-side of the content domain illustrated in Figure 1. Because the DOT is
the taxonomic system now used, the initial taxonomy must be constructed in a fashion
that links each DOT occupation to the tentative clusters that will be used to guide
sampling when data collection isinitiated for the new OIS.

Accordingly, unless additional databases can be located that describe the full range of
DOT titles on attributes that we find to be relevant to the disability determination process,
it is anticipated that we will rely on the most recent versions of RHA J-type scale ratings
produced by the DOT. Although several dozen scales rated by the RHAJ process define a
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broad range of work activity and worker-requirement data, to develop the final taxonomy
to be used in the new OIS we would prefer to have a higher level of detail (and
verifiability) for selected data elements than is possible using the RHAJ scales. Some of
the RHAJ scales are appropriate for SSA’S purposes.

Information relevant to the prevalence of work in the economy — either in general, or with
respect to the occupations that are most prevalent in actual disability claims—will also be
considered when developing the initial taxonomy. Table 1 presents alisting of the SOC-
level titles and the numbers of employeesin each (as of May 2008), aswell as
information regarding the average level of variability within each SOC title between its
DOT occupations.

As an inspection of the information in Table 1 indicates, a small number of SOC titles
may capture a large percentage of the workforce (e.g., the top 50 SOCs contain over 50%
of all employees). Such information (particularly information on the occupations having
the highest numbers of claimants) can be very helpful in prioritizing our initial data
collection efforts.

Can't we just use the SOC? Simply put, no. That is, SSA cannot simply use the SOC
system directly without linkage or crosswalk. SSA needs an occupational classification
system that offers more specificity than one aggregated at the SOC level. Therefore,
although it would dramatically simplify mattersif SSA could just adopt the SOC or
O*NET/SOC title taxonomies as the basis for forming our new OIS, the concerns we
identify above in those taxonomies preclude such a course of action.

We will of course be mindful of the need to develop away to crosswalk the titles
contained in the SSA title taxonomy back to the SOC. However, there is no question that
the O*NET/SOC level of abstraction istoo abstract for SSA to use directly, as an
examination of the within-SOC variability indices presented in Table 1 illustrates.

For each SOC cluster, Table 1 reports within-cluster variability measures derived from
the average profile difference (measured as a Euclidean distance) between each DOT title
in the cluster and the SOC-mean profile. To define each DOT occupation's
characteristics, scores on the 10-factor solution produced by Harvey and Wilson (2009)
were used. These ten factors were formed by statistically combining ratings of 63
separate DOT work-activity and worker-requirement scales from the RHAJ.

Table 1 expresses the average within-cluster distance for each SOC in two ways: the
'zDist' value is the standardized distance (mean = 0, SD = 1) across all SOC clusters; the
‘pctMaxDist’ value expresses the average distance as a percentage of the value seen in the
SOC title with the highest variability (which occurred for Actors, which receives avalue
of 100). For both indices, numerically larger values indicate higher within-SOC
heterogeneity.
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For example, the Cashiers SOC title contains 18 DOT titles that were rated on the DOT
RHAJ scales; the standardized-distance index of 0.17 indicates that it lies slightly above
the mean level of within-title heterogeneity seen across al SOC titles. The percent-
distance index indicates that the average within-title variability acrossthe DOT titlesin
the Cashiers SOC is 43% of the maximum value seen in the Actorstitle.

Two general points can be made regarding the within-title heterogeneity resultsin Table
1. First, even within-cluster distance valuesthat lie well below the average may still
reflect levels of heterogeneity that are unacceptably high for SSA's purposes. For
example, the results in Figures 3-4 for Carpenters clearly show that excessive levels of
disagreement on both Srength and SVP exist between the DOT-level titles grouped to
form this SOC. However, the average distance in Carpentersis only 57% of the level
seen in the most-heterogeneous SOC (Actors).

Likewise, although all of the example occupations that were examined in the Harvey and
Wilson (2009) study were deemed to exhibit excessive levels of within-title variability,
some of them scored below the average level of within-SOC variability (e.g., Sewing
Machine Operators, which lies one-half standard deviation below the mean, and is only
33% of the maximum distance). In light of the fact that only 13 of the top 100 SOC titles
by employment show percent-distance values under 30% — and of these, only 4 have at
least 5 DOT titles, and only 1 has more than 10 — the Table 1 results indicate that with
respect to the work demands measured by the RHAJ scales, the SOC system istoo
internally heterogeneous for SSA's needs.

Second, the amount of within-SOC disagreement across DOT titlesislargely unrelated to
the number of DOT titles that were combined to form the SOC title. Although combining
hundreds or thousands of DOT titlesto form asingle SOC title clearly invites problems
with respect to within-title heterogeneity, unacceptably high levels can be seen evenin
clusters with far fewer DOT-levdl titles. For example, the Electricianstitle has only 14
DOT titles, but avery high level of disagreement; among the 20 SOC titles showing the
highest within-title disagreement, 14 contain less than 10 DOT titles. These results
highlight the importance of identifying and measuring all of the work-activity and
worker-requirement criteria of importance to SSA, and then ensuring that our
occupational clusters are relatively homogeneous with respect to these characteristics.

Analytic strategies. In terms of the analytical procedure to be used, SSA will evaluate the
performance of arange of multivariate techniques with respect to anayzing the profile
similarities between the DOT occupations. For example, factor analytic methods may be
used to first reduce the dimensionality of the DOT ratings to a more parsimonious profile
(e.g., aswas done to compute the factor scoresin Figure 4), and follow by using
hierarchical clustering methods to identify groupings of relatively homogeneous DOT
titles.

The potentia for working backward from the existing SOC taxonomy (i.e., by splitting
SOC clusters of DOT titles until relatively homogeneous clusters are identified) will also
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be examined. Such an approach offers advantages with respect to allowing the
development of a crosswalk from the new SSA OIS taxonomic system to the SOC.

Hybrid methods incorporating genetic algorithm (GA) methods will also be evaluated.
Here, we could combine a brute-force agglomerative clustering approach such as Ward's
method (which beginswith al DOT-level occupations in separate clusters) with a custom
GA that allows consideration to be given to the known constraints that exist (i.e., the
ways in which the DOT-to-SOC crosswalk links these two taxonomic domains). This
type of hybrid approach could allow usto avoid being limited by mistaken linkagesin the
current DOT-to-SOC crosswalk, while still being able to be highly sensitive to the need to
form relatively homogeneous clusters of DOT titles.

In sum, with respect to developing our initial taxonomy for the new OIS, there isno one
single “true’ cluster solution for clustering DOT titles that is optimal for SSA. Thisis
particularly the case due to the fact that we are limited to using existing data to describe
each DOT occupation. In the final analysis, SSA will evaluate a range of methods, and in
conjunction with the Advisory Panel, evaluate a number of possible solutions to
determine which will be chosen for actual use.

Role of AdvisoryPanel. SSA will rely on the Advisory Panel’s recommendations to
inform its development of aninitial classification taxonomy of occupations. These
recommendations should be premised on the fact that the process of developing SSA's
initial classification taxonomy will need to be iterative (i.e., starting with theinitial
taxonomy noted above, and refining it as better data become available). After itis
developed, the Advisory Panel will also be asked to review and comment on the
classification taxonomy that SSA developsinitialy.

The Advisory Panel will be asked to offer its recommendations regarding the factors that
SSA should consider selecting when conducting the statistical analysis that will be used
to group DOT-level occupations to form the entities in the initial OIS taxonomic system.
For example, if the Advisory Panel concurs that SSA should begin the devel opment
process by selecting DOT elements that are the most critical for disability evaluation
purposes, the Advisory Panel could offer itsinput regarding ways to prioritize those
elementsin terms of their relevance.

If possible, the Advisory Panel can also suggest which DOT elements might be
reasonable proxies for psychosocial, behavioral, and cognitive aspects of work. Likewise,
if additional non-DOT based descriptors of the DOT occupations exist that the Advisory
Panel considers relevant, they could also offer suggestions toward that end.

Developing the Final/Revised Classification System

Forming optimal clusters. After theinitial title taxonomy noted above is formed, and the
initial round of data-collection and database population for the new OIS is underway
using the new job-side data collection processes, SSA will have enough data to begin the
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process of analytically determining arevised classification system that is optimal with
respect to the taxonomic criteria noted above. As was stressed earlier, ensuring the
comprehensiveness of the taxonomy while maintaining adequate levels of homogeneity
with respect to work activity and worker requirements are paramount in this regard.

Techniques like the ones used to form the initial taxonomy will again be used in this
phase. However, given that we will at that point have access to more detailed and
defensible profiles of ratings on each occupation (i.e., based on the use of our new job-
side data collection instrument), we should be able to produce a taxonomic system that is
far closer to the ideal s described above than will be possible in theinitial system.

Linking to the SOC. In view of the mandate to be SOC-compliant, SSA will develop
appropriate means for linking the taxonomic elements that we rate in our new OIS back
to the more abstract occupational clusters defined by the SOC.

Presumably this will take the form of a standard type of crosswalk in which each SSA
occupational title is slotted into one of the SOC classifications. However, SSA should
also investigate the desirability of using other methods (e.g., ones based on “fuzzy”
clustering methods that focus on probabilities of membership of each SSA titlein agiven
SOC) to optimize our ability to provide a meaningful interface back to the SOC standard.

Role of Advisory Panel. Asin all prior steps of the process of developing the new OIS,
SSA will consult closely with the Advisory Panel to obtain their input and advice
regarding all aspects of the process of finalizing and updating the title taxonomy.

Maintenance Over Time. In light of the constantly changing nature of work, it is clear
that the task of developing an occupational taxonomy is one that is never actually
finished. In our case, two change-related factors necessitate the use of an ongoing process
of updating and maintaining the taxonomy.

Firgt, it is unavoidably the case that work changes over time, due to changesin the
economy, technology, demographics, and other factors. These changes require usto
continually focus on identifying both emerging new occupations, as well as ones that
have effectively become obsol ete.

Second, as the OIS database grows in size and coverage over time, such changes may
also have implications for the taxonomic structure. That is, the relative of numbers of
occupations present in the database representing qualitatively different types of work will
exert an impact on the overall taxonomic structure. When combined with the changesin
the nature of the work itself that occur over time, it may well be necessary to modify the
taxonomic structure over time to ensure that the titles maintain an adequate degree of
homogeneity. This can occur both with respect to splitting titles that have grown more
homogeneous, as well as combining titles that have grown more similar over time.
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Figure 1. Thejob- and person-side taxonomies of work-related information.
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Figure 2. Hierarchy of organizational/occupational entities contained in atitle taxonomy.
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Figure 3. Within-OU variahility in the Carpenters SOC title on Srength and SVP.
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Figure 4. Within-OU variability in Carpenters SOC across the 10-factor solution
produced by factor analyzing ratings of the occupations on 63 DOT rating scales.
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