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Toward Innovative Design and Validity Models: A Certification Example

Eva L. Baker
University of California, Los Angeles
National Center for Research on Evaluation, Standards, and Student Testing (CRESST)

Introduction

This paper will focus on the how to develop and verify high quality assessments. The
paper is agnostic about assessment formats, i.e., multiple choice or open-ended, responses
because of the reality of constraints of testing time, content domain, cognitive demands, and
costs of development. The paper begins with a brief discussion of assessment history and
emerging societal changes that will affect the future of assessment development. It then moves
to consider one common assessment purpose: certification. In this section, practical and
technical questions are posed about quality, fairness, use, and reporting of certifications.

The paper then moves to elements needed to design high quality assessment, i.e., design
approach, the use of computational models to investigate quality, and the more traditional
concern of validity (attached to various assessment purposes). Validity elements have been
well described by writers such as Messick (1989), Linn (2010), Mislevy (2007) and Shepard
(1993), and the writers of the sequence of revisions of the Standards for Educational and
Psychological Testing (1999). These writers have focused on the evidence provided by test
results, reasonable interpretations, and ensuing consequences of test findings to support or
disconfirm the claim(s) of validity.

Writing at a highly conceptual level, first House and Lawrence (1990), and then
Mislevy, Steinberg, and Almond (2003) and other colleagues have focused on the need for
evidence to back up any validity claim. The general approbation of Evidence-Centered Design
suggests the field has understood that the purpose of a test must be to possess evidence and a
cogent argument that supports its claims. This view may change.

History and Change in Testing and Assessment Theory and Practices

History. At the beginning of test development, psychologists integrated the topics of
their interest, for instance, certain personality variables, with psychometric approaches like
factor analysis to identify content-based factors or dimensions that supported the clustering of
items. There may have been two dimensions identified for a particular construct (worry and
emotionality in the case of anxiety, for instance). For the most part, psychologists were
interested in stability of examinee classification and change in scores was often thought of as
error variance. In discussions of traits, (she is always extroverted) or states (she is only
extroverted among friends), differences were situational and not thought to be amenable to
change (although in anxiety some efforts were made to change self-perceptions).

When educational assessment and testing became big business, either for selection and
admission, accountability of programs, personnel, or systems, the idea of multiple dimensions
seemingly was submerged. Psychometricians usually used a single indicator to describe



individuals’ scores, the examinees’ average, obtained at a single occasion, such as end of year
examinations. The score might be arrayed into categories, from excellent to failing, or reported
in terms of a ranking among other examinees, such as percentiles. In most cases, separate
studies of validity were conducted for each purpose (predicting college grades or on-the-job
performance, for instance). During this period simple correlations were used to estimate
validity, with concurrent tests, predictions, and relationships among constructs such as
quantitative and verbal ability.

Change. But education needs and policies changed and required new approaches to
design and verify validity claims. When performance was looked at in terms of simple
differences between a pretest and a post instructional measure, it became clear that in many
educational domains, such as mathematics, a concept like quantitative ability was too gross a
category. Instead math performance could measure more specific elements. The idea of
accounting for performance a multi-dimensional test was especially important if teachers were
expected to improve current or subsequent examinees’ performance. If a single indicator were
used to account for quantitative ability, it would be very hard to determine where to focus,
especially what was teachable and learnable, and what part of the ability was general intelligence.

With the advent of objectives, outcome-based learning, or standards-based educational
reforms, the trend has been to more specific elements in standards, strands or themes that
traverse grade levels, such as geometric thinking. There also has been a strong desire to use
assessments explicitly for multiple assessment purposes. Assessments might be given both to
estimate levels of student performance and to signal areas for improvement. They might be
used to document students learning of a particular domain, as well as to make predictions for
future performance. The data could be addressed to the inferences drawn about teacher
quality based on student performance (value-added models). A perusal of the literature will
show that most tests are designed for a single purpose, and additional purposes are added on
after the fact because of the joint impact of policy requirements and cost constraints. Moreover,
most multi-purpose tests are not validated for more than the original purpose.

With the emergence of technology as a means to (working backwards) analyze results,
score performance, administer tests, and design assessments, it became possible to (1)
understand elements of assessment performance at a more granular level, (2) address students’
performance over time with well-monitored databases, by (3) tagging key components of
performance sequences to make inferences about design (and instructional elements) such as
cognition, content domain attributes, models of assessment tasks and scoring. Differences
among groups of students or institutions could be identified. Let us now turn to certification as
a purpose to be considered. After the discussion, the paper will describe innovations in
assessment design and computational modeling that I believe may revolutionize the way we
conduct assessment, especially in an age of powerful technology options.

Assessment for Certification

Certification denotes achieving a level of performance on a defined body of knowledge,
skills, and propensities identified with a domain (math) or application (computer network
manager). To be useful, the domains to be certified should represent key knowledge and skills,
relevant situations and applications, and fully sample these elements. The certification process
documents the level of accomplishment, predicts future performance in similar or transfer
settings or applications, and may be combined with other sources of information such as
supervisory ratings as well as performance measures.

Some would say that “certification minimums” include the following in Table 1.



Table 1
Certification Minimums

1. Mastery of separate or integrated task components
2. Demonstrating competence in key settings and constraints

3. Valuing performance, along a continuum of excellence, (such as high honors, proficient,
satisfactory, marginal, unsatisfactory)

4. Using evidence to verify that the elements assessed and the values given performance
are valid

5. Employing technically reliable cut scores placed around categories

These minimums may be augmented by other sources of data to better value
performance. For example, other elements for consideration include the speed of acquisition
of desired performance elements and the error types and rates during the acquisition and
certification processes, over time for individuals and programs. Ideally, to be certified, the
candidate must know in detail what is expected, and these expectations should be available
publically.

Certification and Selection. Certification usually is awarded at the end of a process or
program as documentation of accomplishment. Selection is the process made to choose among
the best for admission or placement into desirable programs. When these may be combined as a
way to augment the pure selection models, questions occur, such as those listed in Table 2.



Table 2
Practical Certification Questions

1. Is Secondary School certification to be supplement to current higher education selection
models?

2. How will components be weighted?
3. What is the role of course grades or ranked standings?

4. Is Higher Education certification on the table?

Another concern is how the publication of certification requirements will occur and how
much flexibility will be permitted. How will expectations be made transparent? Table 3
breaks this question down.
Table 3
Practical Certification Questions About Flexibility

1. Will different institutions have different interpretations of similar content?
2. Isthere flexibility desired in choice of areas and methods for certification by student?

3. With the certification tasks, is there flexibility in choice of alternative solutions or
described right answer acceptable?

There are also questions about transparency, including whether tasks specifications,
domain, cognitive and other elements will be available in advance of training and examination?
Will models at various levels of proficiency be available? Can a larger corpus be made public
prior to examination administration? The trade-off is between complex understanding of
potential tasks and traditional security measures. As assessments become more frequently
administered by technology, and everyone’s use of technology is more automatic, security will be
harder to maintain in any case.

These questions will require policy, practical, and technical solutions.

Innovations in Reporting Educational Certification. Traditionally reports have
employed scores, usually averages, arrayed in ranks or other categories. Newer options have
included profiles, where performance on each key element is depicted in the report. These
profiles, if used for certification and for instructional improvement, will require technical quality
indicators for each class of entries.

Used for dual purposes, profiles can also provide the student or the instructor with early
warning during or after preliminary assessment; feedback to modify instructional program
offerings or the study methods of individuals, and for redesign of test preparation practices.
Through combined analyses, window is opened to view the equity and fairness of the
certification practices and results.

Badges as Reporting Innovation. Recently, using technology platforms, the use of
badges has been advocated as a way of crediting accomplishments in tune with certification.
These Badges represent bundled skill sets associated with a complex skill or certification area
(lifesaving at the pool, the beach, on ships), some of which have (as in portfolios) required
elements, some which offer the examinee considerable choice in application area, sequencing,



and level of performance. These badges, therefore, may represent slightly different sets of
competencies from person to person. So it is imperative that certifiers are carefully trained and
monitored to maintain comparability of badge meaning.

Badges may be used as more than something to collect, like stamps. They may have
serious implications for education and careers. If they become part of a certification-reporting
scheme, then higher education institutions wishing to use them to supplement (or substitute
for) test scores will need to agree on criteria and standards of comparability among individuals
and students. They may also gain status as indicators of real competency that can be job
related and could be adopted by employers in relevant fields and become a valued part of a
candidates resume.  For either of these uses to occur, there must be formal links among the
key stakeholders in the design and use of badges, development, and validation. For integrated
development to occur, there are a number of technical as well as social steps. I will concentrate
on the former. First, reviews of comprehensiveness, detail and clarity of domains are essential.
Second, designers must co-create and prioritize elements in domains and applications. Third,
approaches to transparency of expectations should be addressed. Fourth, comparability must
be established. These goals provide a direct lead in to the next section, using design elements
to make high quality tests and assessments.

Design Elements for High Quality Tests and Assessments

To create high quality assessments at scale and at reasonable cost, I have advocated
detailed front-end analysis. The discussion that follows breaks down front-end analysis
requirements and shows how such designs can generate large numbers of assessments rapidly.
The elements of design I have spoken about in Japan before include the content domain, the
cognitive elements, and the task models for assessment implementation. This discussion will
be followed by a description of computational approaches that can also simplify and raise the
quality of assessment quality.

The content domain or subject matter of interest must be accurate, comprehensive of
critical elements, and include different levels of desired complexity. The cognitive elements are
intended to explicate the components of rigorous thinking and the task models, or frames used
to generate assessment tasks and items need to transform and clarify goals and standards into
intuitive forms of communication with students. Our approach is to take these elements and
place them into a framework that allows each element to include examples of independent,
exchangeable components of the learning/assessment task. To operationalize this, we have
used the idea of rotation, that is, each component has examples rotated to create new items and
tasks in a systematic way so that the entire domain of interest is covered. We use ontologies, or
graphical or network representations of content, to assure desired content coverage
(represented in Figure 1 below).
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Figure 1: Domain Ontology: Math
We select which cognitive demand(s) are relevant for the task, e.g., problem solving

(Figure 2), and design stimulus, resource, constraints and response options to represent the task
models or components of item specifications.



Figure 2: Problem Solving Ontology Example

Task models include specifications of what the student sees such as scenario, pictures,
texts, and symbols, what the student must do, answer a question, write an essay, resources such
as information upon which to draw, or constraints, such as using a particular approach or
solving a problem in a brief time period. Finally there are scoring rules that value the student
response. Then elements are rotated. Figure 3 is based on the algebraic approach of
combinations and permutations. It shows rotated design as a metaphor.



Domain Problem Solving Scenario Stimulus Response

Figure 3: Rotated Design

Each different combination would be one of all possible specified values of particular
elements, and permutations would be used when duplication is not permitted, or when order
matters in the task. So in the area of force and motion, rotated design might look like the
instance in Table 4 below.



Table 4
Rotated Design Features

1. Eight concepts of importance in the physics strand of force and motion, such as
propulsion, friction, vector, and 5 will be in any problem (56)

2. Ten task situations that involve varying levels of complexity (10)

3. Six attributes of problem solving each with 4 values, or 24 but no more that than 4 can
be measured in any task (10626)

4. Three variations of item format: graphical, verbal, or both (3)

5. Three response formats: selected, constructed, or both (3)

These are multiplied to give the size of the task domain.

Thus with only five attributes and a limited number of different numbers of concepts,
situations, and so on, one complete rotation using exchangeable components would work out to
equal 53,555,040. That is there are more than 55 million items in one complete cycle of
exchangeable values for each design feature. This number is very large, and can be treated as
virtual. Particular combinations or arrangements may have greater importance, and be
weighted or more items on the test. While this idea seems whimsical, it becomes increasingly
practical when one considers automated assessment design. In particular, the virtues of
rotated rule-based design are listed in Table 5.



Table 5
Virtues of Rotated (or Exchangeable) Design

1. Easily automated or partially automated

2. Large and complete domain to sample

3. Comparable forms easy to create

4. Easy to be transparent to users or examinees

5. Easy to weight items based on design complexity, rather than item difficulty indices
6. Fast, once ontologies and expert selected priorities and rules are made

7. Inexpensive to renew

8. Easy to select items or tasks for “transfer and generalization

Resulting database design will depend upon tagging and “big data” techniques to
monitor individual and system progress over time, on the set of tasks as well as on their design
features or elements. These requirements include smallest practical level of granularity,
tagging procedures (automated), flexible data examination for various validity analyses, such as
sensitivity to instruction or dependencies on prior knowledge.

Summary of Rotated Design. First consider quality, alignment and
comprehensiveness. Quality and content validity are explicitly built in. Full rotations in
designs permit clarity and transparency desirable in certification. It also enables automated
assessment design at greatly reduced cost, increased speed, and heightened quality.

Computational Models Integrated with Rotated Design: an Innovative Approach to
Improving Assessment Quality

Computational models, and psychometrics in general, have not made much use of
content or cognitive aspects of task design. Li Cai (2010) and his colleagues have been working
on a suite of related models involving multidimensional scaling, diagnostic modeling, and
Bayesian analyses (for measurement on multiple occasions). When these models are
integrated with ontology domain and cognitive content, and other features, for instance,
linguistic complexity, it is possible to draw validity inferences from the same data set relative to
different assessment purposes. Instead of developing a separate set of validity studies for each
assessment purpose, the integration of these sets of computational models will allow faster and
more accurate estimates of quality for purposes identified by the user. In addition, small scale
and potentially short-term studies can be used for verification. For example, expert-novice
comparisons in a particular area or field can serve as proxies for verifying the instructional
sensitivity of tasks, without waiting for yearlong cycles to occur. Computational modeling can
also handle problems of comparability, particularly when surface features vary but the goal
intended to be measured is in common. This use of modeling (Figure 4) allows the integration
of certifications across institutions and between examinees.
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Figure 4: Computational Models

How does this integrated model relate to assessment quality for certification? Three
simple ideas may be addressed. First, we could try out whether exposure to assessment
features, models, or the full domain affects validity and reduces cost. Second, we can
determine which types of tasks and application areas should be “held back” from public view to
assess transfer and generalization. Third, we should investigate the range of security and privacy
issues associated with certifications done on technology platforms.

Research and Development

Currently, at CRESST/UCLA with a focus on new measures of the Common Core of
State Standards in mathematics and English Language Arts, we are conducting trials using game
data from middle school math students where through computer monitoring we have
completely specified the instructional experience of each student (Cai and Choi, In Press). We
are conducting similar trials in states developing their own assessment systems as well as in one
Federally-funded, multi-state assessment consortium.

But much other work remains to be done. We need to refine our ontologies and use
optimal levels of content and cognitive specificity. Second, we need more refined efforts to
improve the types of automated scoring, beyond the current artificial intelligence models in use.
We are also interested in the variety of useful database designs that facilitate our understanding
of learning and accomplishment, especially on data collected longitudinally. Finally, we wish
to document power across assessment purposes.



Summary

We have described issues in certification and key elements of how to make it practical
and of high quality. We have described alternative reporting mechanisms for certification and
ways to make certification transparent and useful to stake holders. To that end, we have
described a design approach that uses rotation and exchangeable examples for fixed elements
(or rules) thought to be critical for accomplishment in a particular area. We have described
how that approach enabled by the use of modern computational modeling may simplify and
reduce cost of high quality assessments. Finally, we have described an ambitious research
agenda, looking toward greater automation in assessment design to address validity in a
stronger, more integrated manner.
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Overview

* History and changes
* Certification

* New strategies for Assessment Quality
and Validity

vRotated Design
v'Computational Modeling
* Importance and relevance to certification

: e

Testing History Compressed

* Psychological testing
* Educational test development

v Purposes to determine item design and validity (Standards
for Educational and Psychological Testing)

v’ Many traditional psychometric models used
* Focus on state rather than over time achievement

* No inherent link of educational domain of learning or
purpose and psychometrics or methodology

¢ Relatively weak validity models based on correlations

¥
1

: =

Context Changes

* Tests and assessments are used often for more
than one purpose

* Rapidly developing technology enables better
design, better analyses, monitoring over time,
exploration of meaning (BIG DATA), agility and
personalization

* Changes require a different model of assessment
design, especially for certification

* They also enable a distinctive change in the way
we define quality

Certification & Qualification

* A body of knowledge, skills, and propensities to be
obtained (and fully and publically specified)

* Used to document status, to predict future performance,
to combine with other sources of information

¢ Certification minimums

v’ Mastery of separate or integrated task components, best
showing competence in many key settings

%
v Valuing performance, such as high honors, proﬁijent, \ #
satisfactory, marginal, unsatisfactory based on validity..

v Technically reliable cut scores placed around categories
¢ Other elements to consider
v Speed of acquisition of desired performance

v Error rates in the acquisition over time

L

Questions About
Certification Process

* |s Secondary School certification a supplement to
current higher education selection models? Is
Higher Education certification on the table?

* How are requirements made transparent?

v Will different institutions have different
interpretations of similar content?

v Is flexibility desired in choice of areas and
methods for certification by student?

v’ Is there flexibility in choice of alternative solutions
or described right answer acceptable?

©Regents of the University of California
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Emerging Options for
Reporting Certifications

* Scores, ranks, historical approaches

* Profiles for individuals and institutions focused
on content/performance of interest
v’ Early warning or after assessment review

v’ Feedback to formal instruction, studying methods, test
preparation organizations

v’ Support equity and fairness in the context of
excellence

* Badges

Badges

* Symbols of a bundled set of
certified skills or
competencies (Scouts)

* Subject to same validity and
quality issues as individual
tests - certifiers must be
trained and monitored

* Intuitive and useful to
examinees and to stake-
holders with business and
career expertise and public

Certification Uses and Choices

* If accepted as evidence of readiness for higher
education, universities will have to agree on
criteria and comparability standards

* If designed to enable real career choices with
business buy-in, badges can operationalize
claims in resumes and support job search

* Requires a formal partnership or link among
badge development and target career areas,
both for validation and application

Steps from Here to There

* Involve stakeholders

v’ Educators, testing and curriculum experts, teachers
and professors, business and putwit

* Review detail, comprehenslveness and clariy
of domains for assessment (cartification

* Create or adapt design of
assessments to clarify and
prioritize elements

¢ Design transparent means
of creating tasks or items

10

Uses of Three Design Elements in
Making Quality Tests and Assessments

* Domains assure accuracy, coverage, desired
complexity

* Cognitive elements assure rigorous thinking

* Task models transform and clarify standards
into intuitive communication with students

Rotated Assessment Design

. &
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Rotated Design

Domain Problem Solving Scenario Stimulus  Response

What Are the
Components of Rotated Design?

* Domain ontologies, graphic representations of
desired learning

¢ Cognitive demands, thinking skills to be used in
domain tasks or tests

* Task models to assure the range of complexity
is addressed clearly and comparably

* These fixed elements have different values, and
a rotation of each element means a full
representation of the domain

14

Domain Ontology: Math

Cognitive Demands

* Ontologies for cognitive demands

v'Problem solving and its components

v'Conceptual understanding, including
explanation

v'Situation awareness and risk
v'"Metacognition, organization, self-

monitoring
q . e LI -
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Problem Solving Ontology Example Task Models
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¢ Domain and cognitive ontologies, like math, or
problem solving, generate task or item
specifications

* These specifications include what the student
sees (scenario, picture, text, symbols), what he
is asked to do (answer a question, write an
essay) special requirements (use a particular
approach, access to resources) and scoring
rules.

¢ Linguistic structures are used to edit for fairness

18
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Rotated (Combinations and Permutations)
Design Example

For instance, if there were:

* 8 concepts of importance in the physics strand of force
and motion, such as propulsion, friction, vector, and 5
will be in any problem (56)

* 10 task situations that involve varying levels of
complexity (10)

* 6 attributes of problem solving each with 4 values, or
24 but no more that than 4 can be measured in any
task (10626)

¢ 3 variations of item format: graphical, verbal, or both

* 3 response formats: selected, constructed, or both

. e

Then the Total Equals...

¢ For one full rotation of the elements listed the
domain is 53,555,040

* The number is so large as to be virtual, but...
* Naturally, not all items are equally desirable
* Some have higher priorities

* Even a few simple rules generate large
numbers of tasks systematically for testing

* Feasible with automation when supplemented by
editing

. e

Essential in Automated
Test Design

¢ Each domain, with its critical sub-components, of
content, cognition, and task situation can be
combined, so the complete relevant combinations
are rotated

* To make a test, we select how many instances of

task elements should be included in different
combinations

. &

Implications of Rotated Design

¢ Easily automated or partially automated

¢ Large and complete domain to sample

¢ Comparable forms easy to create

* Easy to be transparent to users or examinees

* Easy to weigh items based on design complexity, rather
than item difficulty indices

* Fast, once ontologies and expert selected priorities are
made

* Inexpensive to renew
* Fast to develop once rules are made

* Easy to select items or tasks for “transfer and
generalization”

. &

In the Resulting Databases

* Ontology elements used to multiply tag each item
performance in task and student databases

¢ Students can be monitored longitudinally

* Elements leading to desirable or inhibited
performance for individuals or groups identified

¢ Information relevant to individual or institutional
improvement

. &

Database Requirements

* Findings at smallest level of granularity

¢ Tagged (automated)
¢ Data examined at all depths and across time

* Inferences drawn about task sensitivity to
instruction

* Inferences drawn about relevance of prior
knowledge

* Databases need to be designed to facilitate
validity analyses

. e
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Transparency in Certification

¢ Will task specifications and
model answers at cut scores
be available in advance of
administration?

¢ Can the entire corpus be
made public prior to
examination administration?

* Why that is practical to be
discussed

25

Summary So Far

* Quality and validity are built into the design

* Full rotated designs permits clarity, transparency,
and automation

* Validity of certification depends upon whether its
use is to predict future performance or document
level of acquisition, or feedback to certifying
organization to improve process

* Ontology and task specification models permit all

* Computational models will aid in identifying
components contributing to desired decisions

. e

New Models of Assessment Quality

* Integrate rotated design and modern psychometric

models

v Requires specification of domains, intellectual skills, and
situations provided in assessment as above and systematic
task representation

v Specification provided at granular level of domain
knowledge, task situations, and intellectual skills

v Computational model used for diagnosis, classification,
inferences about validity integrates these components

v Enables improved prediction (and why) and guidance for
instructional options

v Validity argument is built in and external comparisons,
with expert performers, is easily and specifically done

. &

Design + Computational Models

Latent Var to Represent
Construct

More Granular
attributes

Items or
=l Tasks

. &

Validity Implications

* Both design and computational models are
integrated and results can be analyzed for
different purposes: certification, system
quality, teacher competency (with
adjustments), formative assessment or
comparability

. &

Expectations of Psychometric Models

* No separation of purposes for validity studies,
same data can be used

¢ Augmentation will be through small studies, e.g.,
effects of instructional practices

¢ Results will be clear and specific to domain
alignment, other assessment elements,
implications for diagnosis, for accountability or for
evaluation of programs

* Much less expensive and faster

. &
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Certifications and Flexibility

¢ Computational model can accommodate different

Steps to Certification Assessment Quality

* Try out whether exposure to domains, design

surface meanings of similar content (construct) in

L rules, and model responses before
certifications

administration

* Makes it possible to integrate certifications * Consider releasing entire domains in advance of
provided across institutions using comparability examinations, saving some “transfer items”

rules
* Security and privacy have different meanings in
* Also makes it possible to conduct evaluations of the technology phase we have entered
programs that have different outcomes on surface

but same deep goals

. ®e| |- e

R&D To Be Done

* Trials in United States using consortium and state * An integrated approach using front end design
assessment data for certification and admission and computational models will allow the

generation of validity data for assessments with
multiple purposes

Summary

* Refine ontologies to depict more cognitive demands
and details of task complexity

e Greatly improve automated task design for complex .

performance Such approaches will make use of automation for

design and open-ended scoring practical and may,

¢ Greatly improve automated scoring especially thrive in a transparen&lenvirdhmeir_lt. "
4. T
" Experiment with best designed data bases for meta * Linking certfcation to businessdubiféao
in?guaionp ’ ’ 9 improve the relevance _nt il
e Experimental with alternative criteria for excellence * R&D remains to continie
validity |

: e |-
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