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Foreword

The objective of this report is to document key aspects of the development of the
International Adult Literacy and Life Skills Survey (ALL) — it’s theoretical roots, the
domains selected for possible assessment, the approaches taken to assessment in each
domain and the criteria that were employed to decide which domains were to be carried
in the final design. As conceived, the ALL survey was meant to build on the success of
the International Adult Literacy Survey (IALS) assessments by extending the range of
skills assessed and by improving the quality of the assessment methods employed. This
report documents several successes including:

e the development of a new framework and associated robust measures for
problem solving

e the development of a powerful numeracy framework and associated
robust measures

e the specification of frameworks for practical cognition, teamwork and
information and communication technology literacy

The report also provides insight into those domains where development failed to
yield approaches to assessment of sufficient quality, insight that reminds us that scientific
advance in this domain hard won.

Nevertheless, the ALL study breaks new ground, offering a wealth of data on
adult skills and their covariates. Readers are encouraged to celebrate our successes, to
learn from our mistakes and to reflect on the central importance of what has been
measured to the lives of our citizens.

B e b,

T. Scott Murray Yvan Clermont Marilyn Binkley
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Organization of this report

This report is organized into three parts.

Part | includes three chapters.

Chapter 1 provides readers with an overview of the policy issues that motivated
the IALS, the study upon which the ALL study sought to build. The chapter identifies
the explicit objectives that were set for the ALL study, the pragmatic considerations
that influenced the design and documents the overall approach taken to the development
and validation of the instrumentation applied in the study.

Chapter 2 introduces conceptual frameworks for understanding and assessing
adult literacy and life skills. It provides readers with a summary of the DeSeCo general
conceptual frame of reference for key competencies.

Chapter 3 traces development of the ALL study from the general theory that
underlies the assessment through the research and development that led to final design.
Readers are provided with insight into the thinking that went into the selection of skill
domains, the process that was followed to develop assessment frameworks and related
instrumentation in each domain, how the assessment instrumentation was validated,
what criteria were established for measures to be included in the international comparative
assessment of skill and where development managed to produce measures of sufficient
quality.

Part Il includes three chapters that provide assessment frameworks for the four
skill domains that met the criteria set out for inclusion in the international comparative
assessment. These chapters also document the processes that were used to develop
and validate the assessment instruments and presents data related to validity and
reliability.

Chapter 4 presents the framework for prose, document and quantitative literacy.
Chapter 5 presents the framework for numeracy, and,

Chapter 6 presents the framework for problem solving.

Part 11 includes three chapters. Chapters 7 and 8 provide assessment frameworks
for two skill domains where development failed to yield approaches to measurement
that were sufficiently robust to meet the criteria set out for inclusion in the international
comparative assessment. These chapters also set out what was learned during the process
of development and validation. Chapter 9 provides the assessment framework developed
by Educational Testing Service (ETS) for measuring information and communication
technology literacy. The ETS ICT literacy framework only became available after the
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final design of the ALL study was set so no direct assessment of this skill domain could
be included. Sufficient development and validation has since taken place to confirm the
viability of the framework and an approach to measurement.

Chapter 7 presents the framework for teamwork
Chapter 8 presents the framework for practical cognition

Chapter 9 presents the framework for information and communication
technology literacy
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Part |

Policy Interest and Theory
Behind the Adult Literacy and
Life Skills Project

This first part of this publication provides readers with an overview of the policy issues
that motivated the IALS, the study upon which the ALL study seeks to build. It
identifies the explicit objectives that were set for the ALL study, the pragmatic
considerations that influenced the design and documents the overall approach taken to
the development and validation of the instrumentation applied in the study. The following
portions of Part 1 (chapters 2 and 3), trace development of the ALL study from the
general theory that underlies the ALL assessment through the research and development
that led to final design. Readers are provided with insight into the thinking that went
into the selection of skill domains, the process that was followed to develop assessment
frameworks and related instrumentation in each domain, how the assessment
instrumentation was validated, what criteria were established for measures to be included
in the international comparative assessment of skill and where development managed to
produce measures of sufficient quality.
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1. Background

In 1994, nine countries (Canada, Germany, France, Ireland, the Netherlands, Poland,
Sweden, Switzerland, and the United States) fielded the International Adult Literacy
Survey (IALS), the world’s first large-scale, comparative assessment of adult literacy. In
December 1995, Statistics Canada and the OECD published Literacy, Economy and
Society: Results of the First International Adult Literacy Survey (OECD and Statistics
Canada, 1995), a report that presented data for seven of the countries that participated
in the first round of the IALS data collection.

Encouraged by the IALS success, five countries (Australia, the Flemish
community in Belgium, Great Britain, New Zealand, and Northern Ireland) decided
to administer the IALS instruments in 1996. Data from this round of collection was
released in November 1997 in Literacy Skills for the Knowledge Society: Further results
of the International Adult Literacy Survey (OECD and HRDC, 1997).

Finally, nine countries (Chile, the Czech Republic, Denmark, Finland, Hungary,
Italy, Norway, Slovenia, and Switzerland) participated in a third, large-scale round of
data collection in 1998. Data for 22 countries was published by Statistics Canada and
the OECD as Literacy Skills for the Information Age: Final Report of the International
Adult Literacy Survey (2000).

Since that time Japan, Malaysia, Portugal, Ontario, China and Vanuatu have also
successfully collected data with instruments derived from IALS.

IALS provided previously unavailable information on the distribution of adult
literacy and numeracy skills and has provided tantalising insight into the causes and
consequences of these skills for a range of countries.

Key findings include:

1) Important differences in literacy skills exist across and within nations,
differences that are much larger than suggested by differences in
national educational attainment profiles.

2) Literacy skill deficits are not only found among marginalised groups,
but affect large portions of the entire adult population.

3) Literacy is strongly correlated with life chances and use of opportunities,
both social and economic.

4) Literacy is not synonymous with educational attainment.

5) Literacy skills, like muscles, are maintained and strengthened through
regular use.

6) Adults with low literacy skills do not usually acknowledge or recognize
that their skills may pose a problem.

Not surprisingly, the IALS reports attracted a great deal of interest from national
policy makers and the popular press. It is clear that the study has answered many
questions of pressing interest and concern. Yet, as with any well-conceived study, IALS
raised many new questions. Key among such questions are those that speculate about
the relationship of literacy skill to other skills thought to be important to workforce
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productivity and labour market success. Many studies, including the Secretary’s
Commission About Necessary Skills (SCANS) in the United States, have posited the
existence of a range of skill domains thought to be of economic importance. Yet little,
if any, empirical evidence exists to test these notional skill frameworks.

The success of the IALS approach led several national governments to wonder if
the methods could be adapted to measure a broader array of skills on an international
level.

A first meeting to consider the possibility of mounting such a study was hosted
by the Swedish Educational Authority Skolverket. Documentation prepared by Statistics
Canada for consideration? reviewed the prevailing notions of basic skills and offered a
hybrid typology with eight distinct domains which might be included in an 1ALS-
type study (Jones, 1996). Statistics Canada suggested that the proposed study would,
in each of the eight skill domains, administer a computer-based test to a nested sample
of workers within firms so that explicit statistical linkages would be available to isolate
the impact of observed skill on economic productivity and indicators of firm success
such as employment growth and profitability.

Interest in this idea was sufficient amongst national governments to organise a
second meeting, hosted by the University of Amsterdam, to discuss the merits of available
conceptual frameworks and to review the validity, reliability and operational feasibility
of related assessment technology. The meeting concluded that coherent conceptual
frameworks and satisfactory measurement technology did indeed exist for several, but
not all, of the proposed skill domains. It became clear, however, that the costs and
operational implications of fielding a computer-based test to a nested sample of workers
within firms were well beyond the financial and technical capability of many of the
prospective participants.

This realisation led to a meeting of the International Study Team to consider options.
Hosted by the US National Center for Education Statistics in Washington DC, the
meeting concluded on pragmatic grounds that:

1) The proposed assessment should use paper and pencil rather than
computer-based tests.

2) The development of frameworks and associated assessment methods
should be limited to six of the initial eight skill domains:

prose literacy,

document literacy,

numeracy,

teamwork,

problem-solving,

practical cognition, and,

working with information technology.

While of interest, other skill domains lacked either satisfactory theory
or measures deemed viable within the context of a paper and pencil
household-based assessment.

3) The test should be administered to representative samples of adults
drawn from households rather than from workers within firms.

1. See Background for Canadian Basic Job Skills Test, S. Jones, Human Resources Development Canada and
Statistics Canada, 1996.
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These basic planning assumptions were subsequently ratified at both the first
and second meetings of the ALL Project Advisory Group (PAG) which is responsible
for providing management oversight and advice to the Project within the OECD
programme of work.

A meeting of experts, convened in May 1997, reviewed the proposed design of
the study and the frameworks for each of the skill domains. Held at the OECD in
Paris, the meeting concluded that additional work needed to be done on several of the
skill frameworks if the study was to have a reasonable chance of generating valid, reliable
and comparable skill profiles at the international level. As a result, the teams responsible
for numeracy, problem-solving, teamwork and practical cognition were funded to refine
their frameworks and to collect sufficient empirical data to demonstrate the measurement
properties of the proposed measures trans-nationally.

Two subsequent meetings of the international study team were hosted by the
US National Center for Education Statistics in Washington, DC to review progress
and plan for further development. Held in April 1998 and September 1998, these
meetings concluded that while the proposed frameworks for problem-solving and attitudes
towards teamwork were judged to be adequate, the approach to measurement had failed
to yield data of sufficient quality. In addition, the proposed instrumentation for
measuring computer literacy was judged inadequate. As a result, new development
teams were recruited and funded by Statistics Canada, NCES and the Governments of
Sweden and Luxembourg.

Two additional meetings were held.

e First, a meeting of all development team members was held in
Washington, DC January 20-23, 1999 to help integrate the
different assessments and to provide expert feedback.

« A second meeting of development team leaders was held in Princeton,
NJ on August 23-24, 1999 to review the frameworks and the
results of small-scale, multi-country piloting with a view to
selecting domains for inclusion in the ALL pilot.

International teams were subsequently recruited to draft final assessment

frameworks and test specifications and to develop items in seven cognitive domains:

e prose literacy

e document literacy

e numeracy

e problem solving

e practical cognition

e teamwork and,

e information and communication technology

A separate international team developed the background questionnaires. In total

representatives of some 35 countries, representing 20 languages, participated in the
item writing activity.
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Small scale piloting, in pairs of countries, failed to yield measures of sufficient
reliability for:

e practical cognition
e teamwork, and,
« information and communication on technology

Measures of attitudes to teamwork and familiarity and use of ICT’s were
incorporated into the ALL Pilot background questionnaires but only the questions
pertaining to the familiarity and use of ICT were retained for the main ALL study.

Large scale piloting by countries participating in the first round of ALL collection
provides evidence that the ALL instruments yield valid, reliable, comparable and policy
relevant data.

Six countries — Bermuda, Canada, Italy, Norway, Switzerland, and the United
States — participated in the first round of ALL data collection, fielding the ALL pilot
study in 2002 and the main data collection in the first and second quarters of 2003.
The Mexican state of Nuevo Leon fielded, in 2003, a hybrid assessment that employed
the 1ALS assessment and the ALL background questionnaire.
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2. Objectives

The ALL study is, by design, meant to inform public policy in a number of related
areas including education, labour market policy, human resource development and social
development. The policy aims and objectives of the ALL study are extensively
documented by Giddings and Barr-Telford (Statistics Canada 2000).

Put succinctly the Adult Literacy and Life Skills (ALL) Survey was designed to
serve several sets of related objectives.

First, the study hoped to:

»  Profile the distribution of prose literacy and document literacy in the
adult population.

One of the key policy concerns raised through analysis of IALS data was the
putative existence of significant levels of skill loss in adulthood. In response the ALL
study was designed to shed light on the social and economic factors that determine or
underlie change in the observed skill profile over time. In order to shed empirical light
on this concern, the prose literacy and document literacy domains to be measured in
ALL will be linked to the original IALS scales through the administration of common
items. For those countries that fielded IALS, such item-level linkage will provide a
powerful means of exploring trends in the evolution of skill profiles. This information
is crucial for judging the relative priority of policies related to basic adult skills and for
identifying where policy might best focus itself — on skill demand, on skill supply, on
the efficiency of markets for skill or on some combination of the three.

Second, the study sought to:

e Profile the distribution of numeracy, and problem-solving, in the adult
population, and determine the inter-relationship of these skills to prose
literacy and document literacy.

The 1ALS data collection has yielded an empirical data set of some 100,000
observations, providing researchers with a substantial amount of information with which
to explore the social and economic causes and consequences of the observed skill data.

A basic objective of the ALL will be to build on this understanding by adopting
a design which will allow an empirical appreciation of how performance on each of the
newly tested skills relates to the skills tested in the original IALS study. The rapid rate
of technological innovation and the globalization of markets have led to high rates of
structural adjustment in many OECD economies. This, in turn, has quickened the
pace at which disadvantaged individuals become marginalised. In many cases, the very
structure of educational systems and the labour market work against rapid adjustment
and the interests of the marginal workers because the systems for signalling skill seek to
divide the workforce into discrete, non-transferable categories. The ALL seeks to
empirically establish the existence of generic skill clusters that transcend industry,
occupation, educational qualifications and age-based experience.

Thirdly, the ALL study attempted to:

e Determine the relationship of each of the tested skills to individual
economic and social success.

Many studies have documented the relationship of educational attainment to
social and economic success but, until IALS, few studies had sufficient data to allow
the empirical exploration of how this relationship depended, in turn, on more
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fundamental processes such as actual demonstrated skill. IALS has revealed that literacy
and education are not synonymous, and that social and economic success depends, in
part, on tested skill. The study has also revealed interesting variation in these relationships
both within occupations and between countries, facts that fit with common wisdom
about the impact of economic and social organisation on markets for skill. The ALL
study allows for an extension of this basic analysis to additional skill domains, and
where IALS data are available, an understanding of how these relationships are evolving
as the knowledge economy develops.

Fourth, the ALL study intended to:

e ldentify sub-populations whose performance places them at risk.

Much of the rhetoric employed in the North American debate about skills has
been focussed on their impact on the so-called “high performance” workplace. Despite
this fact, much of the attention of governments continues to be directed towards those
groups of people whose skill levels place them at risk of being socially and economically
marginalised. IALS has revealed that, in some economies at least, individuals with poor
skills experience significant wage and employment penalties. The design of policies and
programmes to attenuate the worst of these impacts and to provide remedial education
depend entirely on understanding the number, geographic distribution, and
characteristics of the people so affected. The ALL study attempts to profile those whose
performance places them at risk.

The ALL also hoped to meet a number of longer-term objectives, including:

e To shed light on the causes and consequences of the observed skill
distributions

Longitudinal data is needed in order to truly understand the causes and
consequences of any human phenomena, as it is only longitudinal data that allows one
to disentangle cohort, life-cycle, and period effects. Thus the ALL, conceived to provide
a cross-sectional “snapshot” of the distribution of skill in several domains, cannot be
expected to advance our understanding in this regard. When analysed in conjunction
with key co-variates provided by the background questionnaire, however, the ALL can
be expected to yield tantalising evidence about the relative impact that the various
factors might have on the observed distributions of skill. This will be particularly so in
those countries where IALS data has already been collected. In this case, changes in the
distribution of prose and document literacy skill between the two observations can be
related, in a synthetic-longitudinal analysis, to changes in the underlying co-variates.
Given the nascent state of skill measurement at the population level, the high cost of
longitudinal surveys, the length of time it takes a longitudinal study to yield data, and
the horrendous cost of measuring the wrong things on such a study, the ALL can
provide critical data to inform the next generation of true longitudinal studies, including
the design of Canada’s Youth in Transition Longitudinal Survey program.

e To contribute to the literature on the basis of human cognition

The 1ALS study was based on a powerful theory of adult reading, a theory that
served as a basis for both the design of the assessment and the interpretation of the
resultant data. Thus, IALS afforded researchers a unique opportunity to empirically
validate the theory with data of unparalleled coverage and large, representative samples
of adults. The ALL offers a much greater potential to shed empirical light on the
validity of several of the various competing frameworks which deal with the organisation
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and structure of human intelligence and cognition.? A long term objective is, therefore,
to assure that the ALL data is made available to researchers for this purpose, particularly
those researchers involved in the ongoing work of the OECD’s DeSeCo project.

»  To foster continued international co-operation on the design,
implementation and analysis of data on the distribution and co-variates
of skill

Direct measurement of the sort employed in the IALS study requires considerable
operational and technical skill and significant financial resources to unilaterally design,
validate, collect and analyse. Such resources are beyond the means of many of even the
most advanced economies to support. IALS has also demonstrated the potential of a
comparative perspective to shed light on deep relationships underlying the observed
phenomena, relationships that remain undetected in idiosyncratic national studies.

2. See for example, Toward a triarchic theory of human intelligence, Robert J. Sternberg, 1984 Cambridge
University Press, 1984 and Frames of Mind: The Theory of Multiple Intelligences, Howard Gardner,
Harper Collins, 1993.
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3. Development and validation of assessment
frameworks and instruments

Development and validation of the ALL assessment frameworks and assessment
instruments has been an expensive and lengthy process. The overall goal of this process
was to create instruments that are:

valid,

reliable,

comparable,

interpretable,

policy relevant,

amenable to policy intervention, and,

linguistically, culturally and geographically appropriate.

Development of assessment instruments for the ALL study was attempted in 7
domains:
Prose literacy
Document literacy
Numeracy
Problem solving
Practical cognition
Teamwork
Information and communication technology

Noe R wNE

ALL development proceeded in six distinct phases:

e development of an overarching framework to define skill domains where
measurement should be attempted;

e development of assessment frameworks, test specifications and exemplar
assessment items.

In each case an international panel of experts conducted a review of existing
theory and approaches to measurement. This review was used to construct a framework
for assessment that rendered explicit the factors that underlie the relative difficulty of
tasks in each domain.

« small scale piloting in pairs of countries to confirm key theoretical and
measurement assumptions;

« large scale development of assessment items in each domain by extensive
networks of international experts.

In each case a broader group of experts was enlisted to use the assessment
frameworks to develop assessment items that covered the expected range of proficiency
and social contexts.

The consortium went to great lengths to ensure that development was broadly
representative linguistically, culturally and geographically.
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In a parallel activity assessment frameworks were refined to reflect what was learned
through small scale piloting and item pools were bundled into a pilot survey for testing
in all participating countries.

o full scale piloting of ALL instruments in seven countries and five
languages;

o selection of items for inclusion in the final assessment, refinement of the
frameworks and background questionnaire using data from the full
pilot.
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4. Criteria for inclusion of tests assessments
in ALL

Having identified the domains in which the ALL study would attempt to develop
assessments strict criteria were established for inclusion in the final international
comparative assessment.

In keeping with the initial selection criteria, skill domains carried in the
international assessment had to be related to key health, educational, social or economic
outcomes. At this stage an additional domain had to explain at least an additional 10%
of variance of at least one of these outcomes.

Second, the theory in each domain had to identify a set of variables thought to
underlie the relative difficulty of tasks in the domain, a set that, a priori, had to
theoretically explain most of item difficulty over the intended range of assessment
described by the framework.

Third, empirical results had to demonstrate a high degree of agreement between
item difficulties predicted from theory and those estimated empirically from pilot data.
For the ALL study the agreement rate had to exceed 80% at the population level.

Fourth, empirical pilot results had to demonstrate that items were working in a
psychometrically stable and equivalent for population sub-groups within countries and
between countries.

Inter-country comparisons of percent correct, omit rates, not reached rates, biserial
correlations and item response theory (IRT) parameters were examined to determine
that they conformed to expected patterns. The mean deviations, and root mean square
deviations of item characteristics curves were computed to ensure that items were
functioning to an empirically defined tolerance both within and between countries.

Fifth, open ended items had to be scoreable to a very high reliability — within
97% or better inter-rate agreement within countries and 90% or better inter-rate
agreement rates between countries — to ensure comparability.

Sixth, estimates of internal consistency of the test had to display an average r-
biserial correlation in the range of 0.60, a level that assures that items are reliably
measuring a same and single underlying dimension.

Seventh, assessment items needed to take little enough time to allow each
respondent to take multiple items, a prerequisite to good statistical coverage of the
construct and its covariance with background characteristics.

Eighth, assessment items had to cover the range of proficiency demonstrated by
95% of the target populations, thus assuring that there is no ceiling, nor floor effect.

Ninth, items had to discriminate proficiency over the range of difficulty/
proficiency displayed by the bulk of the population. In addition items needed to display
good psychometric properties, particularly with respect to the stability of fit across
languages and cultures and reasonably steep slopes.

Tenth, assessment items had to be culturally diverse, representing a broad range
of cultures, languages and geographic regions.

Similarly, items had to be sampled from multiple life contexts i.e. home and
family, health and safety, community and citizenship, consumer economics, work and
leisure and recreation so that individuals of all walks of life were able to find familiar
tasks, and no single group would be placed at a disadvantage. Items also had to
systematically differ in the type of thinking involved and the type of materials used,
elements specified in each framework.
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Finally, the assessment methods used had to minimize the amount to which
items in a particular domain were dependant on skill in other domains. That is especially
true for designing items of low level of difficulty in traits where pure orthogonality
between domains is difficult to assume. For example, steps were taken to reduce the
amount of reading associated with low level numeracy items so that individuals with
low reading skills would have an opportunity to display their numeracy skills.

Development and validation of the ALL frameworks and assessment
protocols

Armed with these criteria, a four phase research and development program was launched.

First, an international team of experts was recruited to review the relevant literature
with a view to:

e defining the domain
e specifying the variables that underlie relative difficulty

e developing example items to illustrate the recommended approach to
assessment

The assessment frameworks and test blueprints produced by these teams were
exposed to critical review and revised accordingly.

Second, a variant of each assessment was piloted in at least two countries in order
to establish that:

« the items functioned as predicted, and
* respondents reacted in a positive way to the assessment items

At this point the ALL developers faced a decision.

Frameworks and associated approaches to measurement that were judged to be
sufficiently robust were referred on to a phase of international item development designed
to:

e expose a large number of researchers to the theory and approach to
measurement proposed for ALL

e ensure that items selected for inclusion in ALL provided good
linguistic, geographic and cultural coverage.

The frameworks for prose literacy, document literacy, and numeracy met the
criteria established for inclusion and were referred to international item development.
Chapter 4, 5 and 6 document the frameworks, the item development process and how
the assessment protocols were validated at the international level. The initial Problem
Solving framework and approach to assessment proposed by Harry O’Neil and this
team at CRESST, UCLA proved to be unreliable in initial multi-country piloting and
a second group of experts, headed by Jean-Paul Reeff, was recruited to refine the
framework and to develop on an alternative approach to assessment. This redevelopment,
effort, documented in Chapter 6 of this report, proved successful.

Chapter 7 in Part I11 also documents the development effort for teamwork headed
by O’Neil and his colleagues at CRESST. It produced a useful framework but failed to
provide an approach to assessment of sufficient quality to merit inclusion in an
international comparative study. A second team, headed by David Baker at the America
Institutes for Research, developed a slightly modified framework and a different approach
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to assessment. This effort also failed to meet the standards set for inclusion in ALL.
Despite failing to yield the desired result — a valid, reliable comparable and interpretable
teamwork scale — the development effort did provide some useful results.

Analysis of small scale pilot results suggests that teamwork is a complex multi-
level phenomenon with effects at the individual, the occupational, the workgroup, the
firm, the industry and the national level as well as a temporal aspect that depends on
where the firm is in its product lifecycle and corporate strategy. To be informative,
sampling strategies must reflect all of these levels explicitly, something that is beyond
the scope of the current ALL household-based design.

The framework and associated measures for practical intelligence have been
included as Part 11l of this report (Chapter 8). Although these were deemed to be
adequate the statistical techniques employed to summarize proficiency were judged to
be difficult to interpret within the context of an international comparative study. This
domain was dropped from the international study pending additional work.

Development of a framework for measuring information and communication
literacy, headed by Jean-Paul Reeff, then of the Luxembourg Ministry of Education,
failed to provide a clear approach to measurement. As a result Graham Lowe of the
University of Alberta was recruited to develop a behavioural module, focusing on
familiarity and use of ICT's, to replace a direct measure of ICT proficiency. This
module was eventually included in the ALL assessment. In a parallel activity Statistics
Canada chose to invest in an ETS project designed to develop a framework and viable
approach to measurement of ICT skills. Although this development failed to yield
results in time for inclusion in the ALL study it did establish the basis for doing so in
future assessment cycles. Interested readers are referred to chapter 9 for additional
detail on this work.
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5. Development of the ALL Background
guestionnaire

The ALL Background Questionnaire (BQ) was designed through a collaborative effort
by members of the International Study Team, National Study Managers (NSMs), and
individual experts. The final version of the questionnaire was the result of extensive
consultation, testing, qualitative and quantitative evaluation of the pilot survey
instrument. The overall development of measures of adult education and training
benefited greatly from work done by the PEL sub-group of the OECD's INES network
(led by Anna Borkowsky of Switzerland). The numeracy assessment team, lead by
Iddo Gal, also consulted on numeracy-oriented measures included in the BQ. Westat
in the United States led the work on determining appropriate measures of health and
well-being. Two subgroups of NSMs, each representing six countries, worked on the
initial design of adult education indicators and social capital indicators. Expert
consultations were on-going with Stan Jones. The questionnaire benefited from
comments from Albert Tuijnman, Emmanuel Boudard, Tom Healy, Paul Reed, and
Gordon Darkenwald.

The BQ process began at the first National Study Managers Meeting in September
of 1999. In preparation for this meeting, Westat submitted a series of recommended
changes to the IALS background questionnaire and several experts’ suggestions for
content development/improvement were included in the meeting documentation
package. Based on these recommendations, a first draft BQ was designed for discussion
at a major BQ conference held in March 2000 in Ottawa, Canada. NSMs and experts
gathered to discuss the proposed BQ content. At this conference, the structure of
question types - internationally required, internationally optional, and nationally required
- was agreed upon, several questions were designated to those categories, international
coding structures were determined and each module was reviewed in detail. Two working
groups (representing 6 different countries in each group) were formed to improve the
content in two domains — ‘Participation in Education and Learning’ and ‘Social Capital'.
Following the conference, a table outlining all proposed changes and recommendations
for the BQ was circulated for verification and approval. A second draft BQ was created
based on the comments and recommendations made at the international BQ conference.
This draft was then tested in Canada and Italy. Based on the testing results, the
International Study Team recommended a series of adjustments to the BQ that were
presented for comment and discussion at the NSM meeting held in June 2000 in
Frascati, Italy. A third draft BQ was created after the NSM meeting incorporating
many of the International Study Team recommendations and comments from NSMs.
This draft was circulated for comments in July 2000 and a final BQ for pilot testing
was produced.
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6. Summary

As noted above the ALL study was designed to respond to a range of important public
policy issues related to adult education, skills and learning.

To fulfill these goals Statistics Canada and US National Center for Education
Statistics funded an ambitious program of research and development designed to:

e identify a set of skill domains grounded in theory and thought to be
related to success in life and to a well functioning economy and society

e develop approaches to measurement that afford valid, reliable,
comparable and interpretable profiles of skill for heterogeneous
populations within and between countries, within the natural
constraints of a household survey of adults

e associate these skill profiles with a range of background variables
designed to reflect the social distribution of skill, the factors that
influence the level and distribution of skill, the health, social,
educational and economic outcomes that are associated with different
levels of skill at the micro, meso and macro level, and individual’s own
assessment of his/her skill and its relationship to their economic and
social success.

In keeping with the importance of the issues at play, the ALL survey set
demanding scientific standards for inclusion in the final international
comparative assessment.

Development failed to realize measures of sufficient quality in three domains:

e practical intelligence
*  teamwork, and,
e information and communication technology

As a result the ALL survey provides valid, reliable comparable and interpretable
profiles of prose literacy, document literacy, numeracy and problem solving.

The profiles for prose literacy and document literacy will be linked at the item
level to permit an analysis of the evolution of the skill profile since 1994 and to identify
the factors that seem to have the greatest impact on change (e.g. skill gain, and/or skill
in adulthood or the quality and quantity of initial education).

The design will also permit the estimation of the inter-skill covariance matrix
information critical to devising efficient and effective remedial education programs.

An attempt will also be made to link the quantitative literacy domain of the
IALS study to the broader ALL numeracy assessment.

The ALL study will also provide:

e an index of respondent familiarity with and use of information and
communication technologies. This data will be used to explore the
degree to which such skills depend, in the first instance, on high levels
of literacy and/or numeracy skill and the extent to which they amplify
inequality in social economic, educational and health outcomes.

e A profile of respondent’s participation in formal and informal adult
education and training, one of the key suspected mechanisms of skill
retention/acquisition.
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e The inter-skill covariance matrix that reveals the degree to which skill in
one domain depends on skill in other domains. Such dependencies have
important implications for the structure and content of remedial
education.

e The relationship of skill to a broad range of demographic variables to
identify groups whose skill either places them at risk or provides
significant advantages in various life contexts.

e The relationship of skill to a broad range of variables thought to
influence the acquisition and maintenance of skills, including, as noted
above, their participation in adult education and training.

e The relationship of skill in each domain to a range of objective
economic, social, educational and health outcomes.

e Indices of respondent’s use of skill at work and other life contexts.

e Measures of respondents’ perceptions of their own skill levels and the
degree to which they believe that their skill acts as a barrier to their life
chances.

The ALL study was designed to yield data of unparalleled quality on a range of
public policy issues broadly related to skills and learning. The research and development
effort associated with the study has provided the scientific basis to support this goal.

Experience with assessment at the international level suggests that this is a
necessary, but not a sufficient, step in ensuring valid, reliable comparable and
interpretable results. Quality depends, ultimately as much on how the study is
implemented as on the design.
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1. Introduction

Few people would argue against the idea that there are skills and abilities necessary for
success in life. Asking people to name them, however, would generate a wide variety of
responses. This should not be surprising, since skills and abilities important to one
person may not be as important to another. Differences may arise from occupation
(e.g., corporate executive vs. assembly line worker), lifestyle (e.g., head of a large household
vs. single with no dependents), society and culture (e.g., industrialized vs. agrarian) or
from differences in the dominant technologies of production and associated ways in
which work is organized (eg. Tayloristic production versus high performance work groups).
Despite these differences, there has been a great deal of interest in trying to look across
individual and cultural contexts to identify and measure a common, definable core of
necessary skills and abilities. This is where the Adult Literacy and Life Skills survey
(ALL) begins—as an attempt to identify and measure a range of skills that are linked to
social and economic success with the goal of developing profiles that capture variations
across groups and the environments they in which they operate.

Understanding these empirical linkages is important for both public policy and
individual choice (OECD and Statistics Canada 1995; OECD and HRDC 1997,
OECD and Statistics Canada, 2000). First, skill is thought to be an important force
driving both aggregate economic performance and inequality in educational, social and
economic opportunity at the individual level. Skill is also thought to play a central role
in the generation of and access to social capital (Bourdieu, 1977 and Coleman, 1988),
and to support the development of, and access to, democratic institutions (Freire, 1970).

The designers of the ALL study did not begin with a blank slate. Recently, there
has been a proliferation of efforts in the fields of education and labour to develop lists
of skills, knowledge, and competencies necessary for success in the workplace and society.
Thus, the effort could be as simple as reviewing these studies to identify the one that is
most appropriate, or a set of skills common to most of them. As appealingly
straightforward as this sounds, this body of research is not the only one relevant to this
purpose. Indeed, over the past century, researchers from a variety of fields have sought
to identify models and systems to describe concepts very similar to, if not the same as,
life skills. Most prominent among these is the work that has been done to define human
intelligence. Because current notions of intelligence extend well beyond academic
knowledge, one might at first expect them to resemble the sets of employability skills
identified by the education and labour researchers. Examining the two together, however,
reveals striking contrasts in approaches and language. For example, predominant
workplace skill models frequently originate from inventories of tasks encountered in
jobs and everyday situations. On the other hand, models of intelligence seek to identify
products and processes of abilities, referring to skills and tasks only as a means of
exemplifying and measuring these abilities, or as subcategories of them.

Having examined work in both of these fields, the ALL designers identified the
need for two related strands of conceptual research and development.
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One strand, known as the DeSeCo project, responded to the need to embed the
ALL study skill measures within a broader conceptual framework. Such broad conceptual
frameworks serve three important purposes:

e they identify the skill domains that should be considered for assessment,

e they identify the non-cognitive dimensions that are associated with
competent performance, and

e they help to guard against the over-interpretation of what can be
measured with current large scale assessment technology at the expense
of what can not yet be measured.

The second strand of work attempted, through a process of formal analysis, to
move towards measurement by combining notions of skill embodied in the literature
on human intelligence with those derived from the workplace skill literature.

The next section of this report provides a summary of the DeSeCo project and its
conclusions. This is followed by an overview of the work that was undertaken to define
a more focussed overarching framework to guide the development of valid, reliable,
comparable and interpretable measures.

Several general conclusions can be drawn from these two strands of work:

e The perspectives developed in DeSeCo and ALL complement rather
than contradict each other

e The skills measured in the IALS study — prose literacy, document
literacy and quantitative literacy — were identified as critical elements to
be measured in both perspectives

e The ALL study should seek to extend measurement to additional skill
domains where sufficient theory and approaches to measurement
warranted.

e The instruments employed to assess skill should be sensitive to context
and incorporate aspects of the psycho-social prerequisites of
competence.
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2. DeSeCo: A general conceptual frame of
reference for key competencies

DeSeCo - the acronym of Definition and Selection of Competencies: Theoretical and
Conceptual Foundations — was an interdisciplinary, theory-oriented study that originated
in the context of international efforts to assess education and learning outcomes and to
evaluate educational systems.

The DeSeCo project was led and managed by the Swiss National Statistics Office
(BFS), financed by the Swiss, Statistics Canada and the US National Center for
Education Statistics and implemented under the aegis of the OECD. The project was
launched in late 1997 in recognition of the need to conceptually bridge past and current
international competence assessments and to develop an overall long-term strategy for
international assessment of competencies based on a common theoretical and conceptual
foundation.

Which competencies are relevant for individuals to lead a successful and responsible
life and for society to face the challenges of the present and future? Is it possible to
determine a limited set of key competencies important in different spheres of life, such
as the economic sector, the political sphere, and family life? And if so, what is the
nature of these competencies? These are the type of questions that guided DeSeCo’s
research process.

The multiple inputs to DeSeCo and the exchange among a wide range of experts
and stakeholders resulted in a comprehensive frame of reference for key competencies.

This section lays out DeSeCo's mission and research process, followed by a succinct
presentation of the core elements of the frame of reference elaborated in the final report
(Rychen and Salganik, Eds. 2003). It concludes with a brief discussion of its relevance
for ALL and of the challenges for future international competence assessments.
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3. DeSeCo and ALL are complementary
research efforts in response to policy needs

The DeSeCo Project was designed as a complementary theory-oriented study to
international large-scale assessments such as TIMSS, IALS, ALL and PISA and is
part of a common effort to respond to an increased policy interest in information about
the quality and adequacy of education and training, the role of competence in creating
social inequity in individual economic, social and educational outcomes and the effects
of human capital investment on overall levels of social and economic development.

As noted above ALL defined life skills' based on the scientific literature on
cognition and on occupation skill standards and job analyses and measured relevant
cognitive skills that correspond to the demands of the labour market and the broader
society thought to be critical to economic and social success, while DeSeCo - although
taking these important aspects into account (e.g. Levy and Murnane, 2001; Weinert,
2001; Kegan, 2001; Canto-Sperber and Dupuy, 2001) - sought to approach the question
of key competencies from an interdisciplinary and policy perspective.

DeSeCo'’s main goal was to develop theoretical and conceptual foundations for
defining a comprehensive set of key competencies that are relevant for personal, social,
and economic well-being.

Different from ALL, considerations of how the identified competencies can be
assessed or measured were not at the forefront of DeSeCo.

Yet, from the outset, close linkages with ALL and other international large-scale
assessments were maintained in recognition that success in this complex field depends
not only on theoretical and empirical work, but also on a constant dialogue and exchange
among the various specialists and stakeholders to assure that an iterative process takes
place (e.g. Murray, 2003; Schleicher, 2003).

Together, DeSeCo and current comparative assessments such as ALL and PISA,
provide theoretical and empirical evidence that it is worthwhile to invest in key
competencies for all as a means to enhance sustainable socio-economic and democratic
development of societies.

1. The term “key competencies” as defined by DeSeCo would actually better reflect its meaning.
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4. An interdisciplinary approach to key
competencies

Starting from the assumption that identifying key competencies calls for scientific
discussion and analysis, but implies practical considerations and political negotiations
as well, DeSeCo opted for an interdisciplinary and policy-oriented approach. A wide
range of stakeholders were engaged in the process of defining and selecting key
competencies at the international level. DeSeCo involved and linked sociologists,
economists, anthropologists, philosophers, psychologists, a historian, education
researchers, statisticians, assessment specialists, policy-makers and policy analysts,
unionists, employers and stakeholders representing various sectors and national and
international institutions.

DeSeCo's work program consisted of several major activities:

The project started with an analysis of international studies
conducted during the 1990s in OECD countries related to indicators
of education outcomes (Salganik, Rychen, Moser and Konstant, 1999),
followed by a study reviewing scholarly work on the concept of
competence (Weinert, 2001), and expert opinions by scholars from five
different academic disciplines, who each was asked to construct a set of
theoretically grounded key competencies, and comments from policy
and practice (Rychen and Salganik, Eds. 2001).

A first international symposium in 1999 brought together
academics and stakeholders from various fields. The conclusions from
these and subsequent discussions represented a first step towards
interdisciplinary insight. Then, a country consultation was organized
within the OECD to review national experiences in defining, developing,
and assessing key competencies (Trier, 2003). The second international
symposium provided an opportunity for working towards a consensus
on key competencies among a wide range of countries, stakeholders, and
interest groups (Rychen, Salganik and McLaughlin, Eds. 2003).

DeSeCo’s main conclusions and recommendations were submitted
in form of a strategy paper (OECD, 2002) to the relevant OECD
Committees, and the elaborated findings have been published in
DeSeCo’s final report entitled “Key competencies for a Successful Life
and a Well-Functioning Society” (Rychen and Salganik, Eds. 2003).
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5. A comprehensive frame of reference for
assessing and developing key competencies

Defining and selecting key competencies is not simply a theoretical and methodological
question; it is also influenced by what are considered important and desired outcomes
at the individual and societal level. Universally accepted objectives such as the respect
for human rights, democratic values, and sustainable development can provide acommon
vision of society as a normative anchoring point for the discourse on key competencies.

The research conducted under the scope of DeSeCo resulted in a widely accepted
definition of the concept of key competence.

Key competencies are defined as individually based competencies that:

e are instrumental for meeting important, complex demands in multiple
areas of life;

e contribute to highly valued outcomes at the individual and societal levels in
terms of a successful life and a well-functioning society; and

e are important to all individuals for coping successfully with complex
challenges in multiple areas.

In light of these definitional criteria and against the backdrop of broad societal
goals and the demands of an increasingly interdependent and rapidly changing world,
DeSeCo conceptualized a frame of reference for key competencies that builds on various
concepts and theoretical models.

Figure 1
DeSeCo’s overarching frame of reference
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5.1 A demand-oriented approach to competence:
the ability to meet complex demands

The definition of key competence is based on a competence model that is holistic and
dynamic in the sense that it integrates and relates demands, psychosocial prerequisites, and
context as essential elements of competent performance.

Put differently, a competence is defined as the ability to successfully meet complex
demands in a particular context through the mobilization of knowledge, cognitive skills
but also practical skills, as well as social and behaviour components such as attitudes,
emotions, and values and motivations. This holistic apprehension is supported by recent
findings from neuroscience, namely, “that reasoning and emotion are vitally connected”
(Gonczi, 2003).

To illustrate, the ALL framework defines the competence “numeracy” as involving
not only the enabling knowledge and specific cognitive skills required to manage the
mathematical demands of diverse situations effectively, but also encompasses the
activation of a range of behaviours and processes (Gal, Tout, van Groenstijn, Schmidt,
and Manley, 1999).

A competence is therefore not reducible to its cognitive dimension, and thus the
terms competence and skill are not synonymous. While the term competence designates
a complex action system encompassing cognitive and non-cognitive components, the
term skill is mostly used in relation to cognitive or practical abilities.

5.2 Reflectivity - the required level of competence

Today, in most OECD countries, value is placed on entrepreneurship and personal
responsibility. Adults are expected to be flexible, adaptive, innovative, creative, self-
directed, self-motivated, and to take responsibility for their decisions and actions as
learners, workers, citizens, family members, or consumers.

There is a broad consensus among scholars and experts that recalling accumulated
knowledge, abstract thinking, and being well-socialized are necessary but insufficient
psychosocial conditions for coping with many of the demands of modern life.

Dealing flexibly with novelty, change, and diversity and coping in a responsible
way with many of today’s challenges require the development of a higher level of mental
complexity that implies critical thinking, creative abilities and a reflective practice
(including metacognition).

The notion of reflectivity (though various terms are used) is like a leading thread
throughout the various contributions from scholars and experts (see in particular, Kegan;
Canto-Sperber and Dupuy, 2001; Perrenoud, 2001; Haste, 2001; Callieri, 2001).
Reflectivity is retained as an important transversal feature of key competencies
(Rychen, 2003).
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6. The three-fold categorization — a conceptual
basis for key competencies

In addition to the conceptualization of reflectivity as the required competence level,
the demand—oriented approach to competencies resulted in the definition of three broad
categories of key competencies — interacting in socially heterogeneous groups, acting
autonomously, and using tools interactively.

As an interdependent ensemble, these broad categories form the basis for
identifying and mapping competencies that are important in all relevant social fields.
This categorization allowed for the extrapolation of nine key competencies, the result
of an analysis of the various lists of key competencies presented in the country reports
and expert papers in light of the definitional, conceptual, and normative criteria
established in DeSeCo.

The three categories of key competencies and the key competencies identified
within them have been constructed at a sufficiently general or abstract level to be valid
across contexts and nations.

The three-fold categorization has been presented in detail in DeSeCo’s final report
(Rychen, 2003, p. 85-107). What follows is a brief summary.

6.1 Interacting in socially heterogeneous groups

In this category the focus is on the interaction with the “different other”. Individuals
need to learn how to interact and coexist with people who do not necessarily speak the
same language (literally or metaphorically) or share the same culture, history, or socio-
economic background and how to deal with differences and contradiction.

The ability to relate well to others, to cooperate, and to manage and resolve conflicts
are particularly relevant in pluralistic, multicultural societies. These competencies include
many of the features associated with terms such as “social competencies,” “social skills”
or “soft skills”.

6.2 Acting autonomously

The construct “acting autonomously” concerns the empowerment of individuals to develop
a personal identity and to exercise relative autonomy in the sense of deciding, choosing,
and playing an active, reflective, and responsible part in a given context.

The ability to act within the big picture or the larger context; to form and conduct
life plans and personal projects; and the ability to defend and assert one’s rights, interests,
limits, and needs are critical competencies for participating effectively in different spheres
of life — in the workplace, in one’s personal and family life, and in civil and political life.

6.3 Using tools interactively

“Using tools interactively”, the third category of key competencies, responds, in particular,
to the social and professional demands of the global economy and the “information
society”, which require mastery of socio-cultural tools such as language, information,
and knowledge, as well as physical tools such as computers.
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Using tools interactively does not simply mean having the tool and the technical
skills required to use a tool. Rather, it assumes a familiarity with the tool itself and an
understanding of how the tool changes the way one can interact with the world and
how it can be used to accomplish broader goals. The three key competencies identified
in this category are the ability to use - interactively — language, symbols, and text; knowledge
and information; and technology.

6.4 Key competencies are relevant as constellations

The hypothesis is that for individuals to meet social and economic demands and goals
in a successful way, they need to be able to mobilize in a particular context these kinds
of competencies.

The notion of constellation has been proposed to represent the interrelated character
of key competencies and their contextual specificities. The underlying assumption is
that meeting any demand or objective will require constellations of key competencies.
These constellations vary with the respective context or situation in which they are
applied. The specificities and relative importance attributed to key competencies within
a constellation may be influenced, for instance, by cultural norms, technological access,
social and power relations and the proficiency level of the individual with respect to the
enabling tool set.
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7. Relevance of DeSeCo for ALL and future
assessments

DeSeCo outlines a path for a common understanding of key competencies and their
many-layered reference points (normative and conceptual). It offers a comprehensive
frame of reference for advancing research and development activities in a coordinated
and collaborative fashion to broaden the range of competencies in future assessments
and for planning and implementing a coherent, long-term strategy for assessments and
indicators of key competencies among young people and adults.

7.1 Towards a common, coherent international discourse
on competence and skill development

Terms such as key or core competencies, and life skills or basic skills enjoy much popularity
in social sciences and education policy. Often they are used interchangeably or in a
vague sense. By defining explicitly the meaning and nature of competence and key
competence, DeSeCo provides solid theory-grounded foundations for a common
understanding of desired education and learning outcomes in terms of competencies.

The skills and abilities subsumed under the notion of “life skills” used in the
ALL framework are an integral part of the psychosocial prerequisites needed to cope
with important demands in life and, thus, are consistent with DeSeCo's conceptualization
of key competencies. Yet the notion of “life skills” as such seems rather problematic
lacking rigor and consistency in public discourse and sometimes also in specialized
literature.

DeSeCo’s framework, including the concept of key competence, thus offers a
useful basis for situating the results from ALL in a broad, internationally consolidated,
normative and conceptual context. In turn, by providing relevant empirical evidence on
how investing in key competencies can benefit to both individuals and societies, ALL
underpins empirically, for instance, the policy discourse of OECD’s education ministers
on “Investing in competencies for all” (OECD, 2001).

7.2 Situating assessment frameworks and empirical results
in a broader conceptual context

Assessments, in particular international assessments, have important policy implications.
Situating current domain-specific frameworks and measures of education and learning
outcomes in a general frame of reference such as the one constructed in DeSeCo (see
figure 1) is a way to recognize the value, but also the limitations, of large-scale studies
such as TIMSS, IALS, PISA, and ALL. It allows, when interpreting the results and
formulating policy strategy, to take into account the complexity of the topic and to
explain the results from different perspectives. The analytic power will increase by
addressing not only the competencies or the components as such, but also considering
the various factors behind the definition of key competencies: the characteristics of the
demands, the linkage to desired outcomes in terms of a successful life and a well-
functioning society, and socio-economic and cultural factors.

Also, an overarching frame of reference allows to make more explicit what is
actually being measured and what is not and thus counters the risk of over-interpreting
the data and of focusing exclusively on competencies for which reliable measures currently
exist. It is important not to detract attention, and resources, for education and training
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from competencies and cognitive skills that are critical in professional and everyday life,
but for which to date no adequate methodology for large-scale assessments exist.

For instance, the ALL consortium invested much in the construction of a
framework for teamwork (Baker, Horvath, Campion, Offermann, and Salas, 1999)
and the development and testing of internationally comparable measures. This effort
resulted in the recognition that measuring teamwork reliably would imply observation
of individuals interacting in teams, and thus calling for new assessment methodologies
(see Murray, 2003, p. 148-149). Thus, the fact that to date, at the international level,
it is not possible to provide reliable measures of teamwork does not mean that this key
competence is not important in different contexts. In fact, there is a broad consensus
on the importance of the ability to cooperate, or work together for common purposes,
as many of today's demands cannot be met by one individual alone, but requires
individuals to join and function in groups. DeSeCo underpins the importance of key
competencies in this domain.

7.3 ALL provides relevant information for the category
of using tools

DeSeCo’s findings confirm that what IALS and ALL set out to measure — prose literacy,
document literacy, numeracy, the analytic reasoning dimension of problem solving,
teamwork, information and communication technology literacy and practical intelligence
—and what was eventually reliably measured — reading literacy, numeracy, and analytical
reasoning - capture critical aspects of key competencies. DeSeCo confirms their theoretical
relevance to the category of “using tools interactively” and at the same time, places them
in a larger context.

Reading literacy and numeracy can be understood as specificities of the key
competence “the ability use language, symbols, and texts interactively” belonging to the
category “using tools interactively”. DeSeCo emphasizes the need to look beyond the
technical skills

It is in the category of using tools that current international assessments can
provide empirical evidence on the salience of these key competencies for personal, social,
and economic well-being. ALL can provide estimates of the demand for this type of
competencies, of their economic, social and educational relevance, and of the implications
of the various levels of proficiency for different life domains.

Yet, most of the efforts have been devoted to measuring cognitive skills implied
by using a tool, an area for which theory provides a basis for measurement. Other
psychosocial prerequisites that need to be mobilized for competent performance in a
particular context such as ethical and motivational aspects have not been addressed
until now. The PISA Science framework provides promising approaches in this respect.

In addition, future assessments need to address complexity, i.e. assess competencies
at the level required by social and economic demands (see notion of reflectivity). For
instance, better measures need to be developed on the capacity of individuals to analyze
and recognize patterns, to establish analogies between experienced situations and new
ones, to discriminate between relevant and irrelevant features, to think and act in a
more integrated way, to evaluate actions in light of personal and social goals.

Another important dimension is criticality in terms of the relevance of the
competencies to achieving desired personal, social and economic outcomes (e.g. Gilomen,
2003).
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Both, complexity and criticality are dimensions that reflect critical features of
key competencies.

And finally, although reading literacy and numeracy are important key
competencies for young people and adults, they are obviously not sufficient for coping
with the manifold demands associated with securing an overall successful life and a
well-functioning society. DeSeCo’s three-fold categorization offers a basis for establishing
priorities about which new competencies should and could be included in future
international assessments, and thus guide the systematic extension of future assessment
instruments toward capturing a wider range of key competencies. Considerable research
and development activities will be necessary to operationalise key competencies related
to acting autonomously and interacting in socially heterogeneous groups and to develop
internationally comparable measures.
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8. A bridge between student and adult
competence assessments

Assessments of competencies of young people alone cannot preview the full picture of
key competencies of adults. DeSeCo provides theoretical foundations for the development
of a coherent long-term program for the assessment of key competencies that includes
the whole population (OECD, 2002).

First, the identified key competencies, including reading literacy, mathematical
competence, and ICT competence, are relevant throughout the life course in multiple
domains (e.g. Murnane and Levy, 2001).

Second, the demands on individuals can be expected to change throughout their
adult lives as a result of transformations in technology and social and economic structures
(e.g. Haste, 2001). Although more research is needed to conceptualize the
interrelationship between competence development and contextual changes, the
discussion so far points to the importance of lifelong learning.

Third, developmental psychology (e.g. Kegan, 2001) shows that competence
development does not end at adolescence but continues into adulthood. The competence
level underlying key competencies (i.e. reflectivity) that would equip individuals to
enact successfully the competencies considered necessary for adults in today’s societies
develop only gradually throughout adulthood. The competence level required by many
social and economic demands is reached when, for instance, adults can think for
themselves, make their own judgments, and thus act in a reflective and responsible
manner.

This understanding has important implications for both education and assessment.
The underlying evolutionary model of human development provides a theoretical
foundation for the purpose of adult education. Furthermore, it provides a compelling
rationale for the importance to assess the competencies of individuals throughout life,
and thus to design a coherent overall assessment strategy that spans youth and adults, as
already outlined in DeSeCo's Strategy Paper (OECD, 2002).

DeSeCo’s overarching frame of reference sets a conceptual context for international
assessments such as PISA, IALS, and ALL, and can serves as a bridge between those
involved in school-based assessment of key competencies and those assessing key
competencies in adults.
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9. Challenges for future assessments

There are several aspects of key competencies that will pose important challenges in any
effort to assess and measure them. For instance, the notion that key competencies function
as constellations raises questions about current usage of assessments for benchmarking
based on single measures. As assessments are developed in the future, it will be particularly
important to recognize that key competencies do function together as constellations
and to identify the strength and direction of any dependencies that exist. In practical
terms this implies assessment designs that explicitly allow one to estimate the inter-skill
covariance matrix.

As pointed out earlier, developing measures of complexity and criticality are
important to reflect critical features of key competencies. In particular, further research
and development work is needed to explore conceptually and empirically the assumed
linkages between key competencies and desired outcomes at the micro and macro level.
The relation of competence constellations to specific social, economic, and political
contexts could provide an innovative track for the interpretation of international
assessment results.

To do justice to the demand- and context-oriented nature of key competencies
and to measure them validly and reliably necessitates a very open approach to assessment
methodologies (e.g. Oates, 2003) and the exploration of more adaptive and interactive
assessment techniques.

To further advance assessment of education and learning outcomes at the
international level, sustained and coordinated research and development work is critical.
The international and interdisciplinary collaboration in this domain over several years
was beneficial, and should be maintained. As the process continues, the theory-based
framework defined in DeSeCo will need to be revisited and refined through confrontation
with empirical data and continued interdisciplinary research.

It is important to build future assessment on existing studies, expertise and
knowledge, thus not to reinvent the wheel. At the same time, many of the challenges
related to education and learning outcomes and their assessment call for new creative
and proactive approaches. DeSeCo and ALL have established networks of researchers
that can contribute — from different perspectives - to continued research on key
competencies and the educational, social, and economic factors that contribute to improve
the education and training and to enhanced returns on investments in competencies in
terms of personal, economic, and social well-being.
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1. Introduction

DeSeCo’s overarching frame of reference provides a broad conceptual context for the
ALL survey development but is not sufficiently detailed to guide the development and
validation of reliable, comparable and interpretable approaches to measurement. For
this reason the ALL study design team chose to review two core areas—employability
skills derived from job and task analysis and psychological theories of intelligence—as a
means to move towards measurement. This section sets out how, at least in theory, a
framework based upon these two areas can be used to develop “life skills profiles” of
people and of job requirements. It concludes by proposing an assessment of a subset of
the possible array of life skills identified in the resultant overarching framework.

By definition, moving towards standardized, international comparative assessment
implies reducing the range of domains to be considered for development. To achieve
this goal the ALL team imposed a series of criteria on candidate skill domains.

First, only those skill domains for which scientifically convincing theory and an
established literature existed were considered. Thus, some intuitively appealing skill
domains were eliminated for lack of extant scientific underpinnings.

Second, selected domains had to exhibit an accompanying tradition of
measurement upon which the ALL study might draw.

Thirdly, current approaches to measurement had to be sufficiently compact to
provide valid, reliable and comparable measures within the natural limits of a household
survey of very heterogeneous adult populations.

Fourthly, there had to be evidence that the skills in question could be both learnt
and, therefore, taught, at least to conventional levels required by everyday life. Thus,
skills dependent solely innate abilities were excluded. Similarly, no effort was made to
assess the extreme positive range of skill where skill and art merge and where tasks
become dependent on specialized lexicons and bodies of knowledge.

Finally, evidence had to exist that the domains to be measured had a direct impact
on the social, health, educational or economic life chances of individuals.

In this manner the Adult Literacy and Life skills survey project supports the
development and use of the life skills framework and the concept of life skills profiles.

As noted above the work of DeSeCo has expanded and enhanced the theoretical
coherence of the life skills framework. In turn, ALL will provide empirical evidence to
support and confront this theory building. Given this context, the goal is not to pen
the “last word” on life skills, but rather to advance science in this area. The many
different efforts to identify life skills have resulted in a large variety of classification
systems, each with its own unigue nomenclature. As the ability to assess a wider range
of skills and abilities increases, it is important to begin to synthesize this continually
expanding body of knowledge into an overarching framework to help guide assessment
efforts and to build bridges between the various societal actors interested in skills and
competence through the provision of valid, reliable, comparable and interpretable data
on skills denominated in a common nomenclature.
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2. What are Life Skills?

In identifying life skills, it is useful to define what they should represent. As a start, one
can be clear about what they do not represent. For example, many factors can contribute
to one’s success in life, but not all of them can be considered “skills.” People often
attribute their success to such factors as luck, socioeconomic status, physical and social
surroundings, fate, or divine intervention. While we do not deny the importance of
any of these factors, they are well beyond the scope of ALL. Furthermore, although
skills and abilities related to strength, fitness, and physical dexterity have traditionally
been important to success in life, ALL chose to exclude any explicit treatment of
physical abilities.

It is also important to emphasize that life skills must be connected to success in
life. There are many skills, talents, and abilities that do not meet this criterion, even
though they may involve sophisticated intellectual processes. This means that not all
academic abilities are necessarily life skills, nor are all life skills are likely to be taught in
school. This criterion also means that one must recognize that these skills will not be
the same—or will not be valued equally—in even a limited range of cultural settings.
For instance, one expects that cross-cultural differences in life skills may echo the research
on the concept of intelligence. As Sternberg and Kaufman (1998) point out in their
review of related literature, at the extreme Western cultures tend to emphasize
“technological intelligence” (Mundy-Castle, 1974), generalization or going beyond the
information given (Connolly and Bruner, 1974; Goodnow, 1976), speed (Sternberg,
1985a), minimal moves to a solution (Newell and Simon, 1972), and creative thinking
(Goodnow, 1976). In Eastern cultures, by contrast, Buddhist and Hindu philosophies
stress waking up, noticing, recognizing, understanding, and comprehending, in addition
to determination, mental effort, and feelings (Das 1994). African conceptions of
intelligence focus on skills that help facilitate and maintain harmonious and stable
inter-group relations (Ruzgis and Grigorenko, 1994). But, even in the more limited
range of countries included in OECD, variation in how skills are valued is expected.

It is important to note that such variation does not preclude measurement of the
underlying skill. Provided that the assessment embodies sufficiently robust theory, that
the assessment design affords good coverage of the intended content domain and that
the statistical techniques employed to summarize proficiency compensate for the various
sources of “missing” data then assessments such as ALL can provide valid, reliable,
comparable and interpretable profiles of skill. One of the explicit goals of ALL is, in
fact, to explore the variation in how different economies value the skills assessed, how
these differences influence the social distribution of economic, social, educational and
health outcomes observed at the individual level and at the macro level and how valuations
are amplified or attenuated by relative conditions of supply and demand.

Because of this natural variation, the goal in developing a set of life skills is not to
establish a single set of benchmarks for people to use to evaluate their successes in life.
Instead, one hopes to develop a framework comprised of skills that may have varying
importance for different individuals or in different societies but which, when looked at
as a whole, accommodate definitions of success used by most individuals and by most
societies.

Finally, the definition of life skills should address how they are used. The most
common way—and the way that appears in conventional definitions of intelligence—is
through adaptation to the environment (Sternberg and Detterman, 1986). For example,
people must adapt to workplace environments and to new responsibilities as their family
lives change. Even people involved in creative endeavours, such as authors, artists, and
entertainers, must take into account the tastes of their audiences, markets, or clients, as
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well as changes in the available technologies of production. Individuals can, however,
use life skills to shape their environments, such as when a worker modifies a piece of
machinery or a production process to increase comfort or efficiency. When neither
adaptation nor shaping leads to a successful interaction with the environment, individuals
can use life skills to select a new environment, such as when a person decides to change
workplaces, move to a new location, or become friends with a new group of people.

Therefore, for the purposes of this study, we define life skills as:

skills or abilities individuals need in order to achieve success in life, within
the context of their socio-cultural milieu, through adaptation to, shaping
of, and selection of environments.

The following sections examine various theories and models related to life skills
to see if there is consensus or convergence on particular skills that fit this definition.
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3. Deriving Life Skills from lists of
workplace skills

The existing body of work on skills necessary for employment success is clearly relevant
for our purposes. This perspective has recently received increased attention through the
release of several documents setting out lists of such skills (Jones, 1996 ). These studies
and reports cite a need to identify generalizable skills and abilities necessary to better
prepare people for success in an ever-changing economy. In so doing, they call attention—
sometimes explicitly and sometimes implicitly—to the emerging belief that traditional
notions of “basic skills” are not sufficient for success in the workplace. Support for this
belief can be found, for example, in the literature on workplace literacy, in which
researchers have reported that common school-based notions of reading, writing, and
arithmetic are not sufficient for the tasks that adults perform (Sticht, 1978; Mikulecky,
1982; Daggett, 1991). Other researchers looking at job performance found that even
in a broadened sense, these three basic skills were not sufficient, and that other skills
were also needed (Carnevale et al., 1988). Consequently, new terms and conceptions of
basic skills began to emerge.

The term “basic skills” evolved into “employability skills” because these skills were
almost always discussed in the context of the transition from school to work or the
transition of the unemployed into employment. Although this term is sometimes limited
only to those skills necessary for job entry, it usually covers the skills thought necessary
to retain jobs to adapt to changes in the organization of work and technologies of
production and to secure advancement, such as those that relate to attitude and work
habits. Other terms found in the research include “enabling skills,” “generic skills,”
“core skills,” “key competencies,” “ essential skills,” and “necessary skills.” These different
terms would seem to have slightly different implications, but they were often chosen to
meet specific local circumstances and preferences, and, thus, are not related in any
systematic way to differences in the way these skills were conceptualized. Despite the
strong labour-market orientation of these terms and their sources, many of these
documents either directly state or imply their relevance to life in general, making them
candidates for “life skills.”
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4. Synthesizing the skills lists

Over the past ten years, a large number of education- and labour-related organizations
have undertaken projects to identify employability skills. These include national, state,
and provincial government agencies, school districts, and public and private research
institutions. Due to this large number, a choice was made to examine a set of these
documents that were believed to be representative of the larger group in terms of
methodology and findings. These documents include:

»  People and Skills in the New Global Economy (Premier’s Council,
1990)

» Putting General Education to Work: The Key Competencies Report
(Committee to Advise the Australian Education Council, 1993)

*  Michigan Employability Skills Profile (Pestillo and Yokich, 1988)
»  Conference Board Employability Skills Profile (McLaughlin, 1992)

»  Workplace Basics: The Skills Employers Want (Carnevale, Gainer, and
Meltzer, 1988) (developed for the American Society for Training
and Development)

e Work Keys (American College Testing, 1997)

e What Work Requires of Schools (U.S. Department of Labor, 1991) (a
report of the Secretary’s Commission on Achieving Necessary
Skills (SCANS)

e National Council on Vocational Qualifications Core Skills (Oates, 1992) (a
system developed for use in the United Kingdom)

»  Essential Skills Research Project (http://www.hrdc-drhc.gc.ca/hrib/hrp-
prh/skills/essentie.html) (a project for Human Resources
Development Canada)

The methodology used by these and most of the other studies is generally to start
from a broad definition (e.g., “a skill applicable to a wide range of jobs and contexts”)
and then survey or observe workers, supervisors, and experts to determine what skills
are common. Those that pass some test of “frequent enough” across occupations qualify
for inclusion in the final list of skills. Aside from terminology, the main differences
among the final products have been level of detail and structure. Some simply list a skill
(e.g., “reading”) while others provide a fuller description of that skill with examples of
its application to various situations. Some of the lists provide a single set of skills, but
many attempt some sort of categorization or hierarchy. For example, the Workplace
Know-How from the U.S. Department of Labor's SCANS designates two categories:
Foundation Skills, which include basic academic skills, thinking skills, and personal
qualities; and Workplace Competencies, which include the ability to use resources,
interpersonal skills, information, systems, and technology (Secretary’s Commission on
Achieving Necessary Skills, 1991). The Premier’s Council Skills Triangle (1990) uses a
hierarchy of transferability and generalizability: at the base are basic skills, which support
workplace skills, and these in turn support job specific skills. The former two sets of skills
are broadly transferable, while the latter set is not.

Despite these differences, a comparison across these lists reveals that they almost
always cover the same range of concepts. It should then be possible to distil from them
a limited set of categories into which most of the skills listed by any of the nine documents
would fit. In some cases, a given list might not address all of the categories in the
model, but in as few cases as possible should they contain a skill that does not fit within
any of the specified categories.
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The table that follows (see Figure 1) presents an attempt to create such a model.
Six skill areas were chosen, some with sub-areas, as follows:

¢ Communication

e Speaking
e Listening
e Reading
e Writing

Mathematical
Problem Solving
Intrapersonal

*  Motivation

e Metacognition
Interpersonal

e Teamwork

e Leadership

e Technology

The first column in the table lists these skills. The other columns contain the
comparable skills from each of the nine studies/reports that were reviewed, demonstrating
how each category is addressed by a given skills list. Skills that did not seem to fit any
category were placed in the final row of the table.

Trying to fit a diverse set of models into a framework requires re-arranging the
original lists. In addition, although the original terminology from the nine studies has
been maintained, placing the terms into the ALL framework involves varying degrees
of interpretation. To allow for comparisons to the original sources, the skills lists from
the nine documents have been reproduced in Appendix A.
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Figure 1

Comparison of skills lists, part |

Skill category

Skills triangle from the
premier’s council

Key competencies report

Michigan employability skills profile

Communication
Speaking
Listening

Reading

Writing

Communications
Communications

Reading and writing

Communications

Reading and writing
Communications

Communicating ideas and information

Communicating ideas and information

Speak in the language in which business is conducted
Follow written and oral instructions

Follow written and oral directions

Read and understand written materials

Understand charts and graphs

Follow written and oral instructions

Follow written and oral directions

Write in the language in which business is conducted

Mathematical

Mathematics

Using mathematical ideas and techniques

Understand basic math
Use mathematics to solve problems

Problem solving

Analytic problem solving

Solving problems

Use scientific method to solve problems

Intrapersonal
Motivation

Metacognition

Ability to learn

Attend school/work daily and on time
Meet school/work deadlines

Work without supervision

Learn new skills

Interpersonal
Teamwork

Leadership

Workplace interpersonal

Working with others and in teams

Actively participate in a group

Know the group’s rules and values

Listen to other group members

Express ideas to other group members

Be sensitive to the group members’ ideas and views
Be willing to compromise if necessary to best
accomplish the goal

Work in changing settings and with people of
different backgrounds

Be a leader to compromise if necessary to best
accomplish the goal

Technology

Generic technical

Using technology

Use tools and equipment

Not included

Firm- and job-specific skills
Motor skills

Planning and organizing activities

Use research and library skills

Use specialized knowledge and skills to get a job done
Develop career plans

Know personal strengths and weaknesses
Demonstrate self-control

Pay attention to details

Identify and suggest new ways to get the job done
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Figure 1

Comparison of skills lists, part Il

Conference board
employability skills
profile

Workplace basics:
The skills employers want

Work keys
specifications

SCANS competencies
and foundation skills

Communication

Speaking Communicate Listening and oral communication Basic skills (reading, writing,
arithmetic and mathematics,
speaking, and listening)

Listening Communicate Listening and oral communication Listening Basic skills

Reading Communicate Reading Reading for information Basic skills

Locating Information
Writing Communicate Writing Writing Basic skills
Mathematical Think Computation Applied mathematics Basic skills
Problem solving Think Creative thinking/problem-solving Thinking skills
Intrapersonal
Motivation Positive Attitudes and Self-esteem/goal-setting-motivation/ Personal qualities

Behaviours, Responsibility,
Adaptability

personal and career development

Metacognition Think, Learn for Life Learning to learn Thinking skills
Interpersonal
Teamwork Work with Others Interpersonal/negotiation/teamwork Task Skills Use interpersonal skills
Relationship Skills
Communication Skills
Leadership Organizational effectiveness/
leadership
Technology Think Analyzing the problem Use technology
Identifying relevant aspects
of the problem
Understanding the data
Choosing appropriate technology
Solving the problem
Evaluating alternative solutions
Extrapolating to novel situations
Not included Use resources
Use information
Use systems
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Figure 1

Comparison of skills lists, part 11l

National council on vocational
qualifications core skills

Essential skills research project

Communication
Speaking

Listening

Reading

Writing

Communication
Communication

Communication

Communication

Oral Communication
Oral Communication

Textual Reading
Use of documents

Writing

Mathematical

Application of Number

Numeracy skills

Problem solving Problem-solving

Problem solving, Decision making, Planning/Organizing Job Tasks

Intrapersonal
Motivation
Metacognition

Improving own learning and performance Continuous Learning

Interpersonal
Teamwork Working with Others Working with Others
Leadership

Technology Information Technology Computer Skills

Not included Psychomotor Skills

Only the Michigan Employability Skills Profile and the SCANS Workplace Know-
How have a significant number of items that do not have a clear place within the ALL
categories. A few, such as “develop career plans” and “pay attention to details” in the
Michigan Employability Skills Profile, would seem to be separate skills. Several others,
however, appear to involve skills from a combination of the categories in our list. For
example, “identify and suggest new ways to get the job done” from the Michigan
Employability Skills Profile might incorporate a combination of problem solving,
teamwork, and communication. Thus, these skills are not necessarily missing from the
ALL model; rather, they might require a restructuring of the categories.

Overall, the ALL skill categories do seem to accommodate the skills identified by
the documents that were chosen to be examined and, would do so for most any other
skills list found in the employability skill literature. However, it can not be claimed that
the combined list is complete. There may very well be other skills or competencies not
identified by any of these efforts. If future efforts identify missing elements, then the
model should be open to refinement, but the consistency among these studies gives
enough confidence to proceed. A more likely shortcoming than omission is that a simple
list of skills does not necessarily provide a sufficient degree of depth for a sophisticated
understanding of life skills or a useful system of assessments. Therefore, the resulting
set of life skill categories was treated as a first step in building an overarching framework
of life skills.
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5. Deriving Life Skills from Psychological
Theories

Efforts to identify formal lists of employability skills are fairly recent developments. In
contrast, the effort to describe and measure human intelligence has a history of over
100 years (Sternberg and Kaufman, 1998). The theories developed fall into a variety of
paradigms, such as a psychometric paradigm, a cognitive or computational paradigm, a
biological paradigm, an epistemological paradigm, an anthropological paradigm, a
sociological paradigm, and a systems paradigm (Sternberg, 1990).

Not all of these paradigms are clearly relevant to our discussion. For example,
cognitive theories have been applied primarily to tasks used in the laboratories of cognitive
psychologists (e.g., Hunt, 1980) and to psychometric tasks (e.g., Sternberg, 1983),
but they have not been equally applied to everyday activities. Thus, it is not clear that
they meet the criteria of being necessary for success in life. Biological theories are helpful
in relating intellectual functioning to the brain (see Matarazzo, 1994) but do not yet
carry any implications for how one might go about understanding or assessing life
skills. In an adult context, the epistemological paradigm (Piaget, 1972) has proven very
useful for evaluating children’s sensorimotor, logical, and scientific thinking skills. It
has not, however, been shown to be equally useful for analyzing individual differences
in adult performance; this is perhaps because the theory was explicitly proposed as a
theory of human commonalities, not as a theory of individual differences. Finally,
anthropological and sociological theories (e.g., Berry, 1974; Feuerstein, 1980; Greenfield,
1997; Laboratory of Comparative Human Cognition, 1982) point out the necessity of
taking cultural and other contextual variables into account but are far from complete as
theories of intelligence, much less life skills.

Because of their comprehensiveness and the fact that they are commonly used to
discuss practical skills and abilities, the theories of greatest interest here are psychometric
theories and systems theories. Even after limiting the scope to these two types of
paradigms, one is still left with a number of theories that seem to make very different
claims. Despite this apparent impasse, a closer examination reveals that these theories
are in fact complementary. An analysis of the two can then lead toward a theory-based
concept of a set of life skills, which can then be compared with the set of skills derived
from the employability skills literature.

Psychometric theories

Early psychometric theories of intelligence focused on a single general intellectual ability,
G (Spearman, 1904). Although the concept of G is still accepted by many psychometric
theorists (see, for example, Jensen, 1998), most modern theories view human abilities
as too complex to be captured by a single measure (e.g., Gustafsson, 1988). The large
majority of psychometric theorists today accept some kind of hierarchical model with G
at the top (e.g., Cattell, 1971) or see G as existing within a range of academic skills
(Sternberg, 1997b). In any case, a life skills model requires concepts of intelligence
that can be more clearly and more specifically defined, exemplified, and assessed than
this broad and elusive concept.

Representative of the hierarchical theories are Cattell (1971), Carroll (1993) and
Horn (1994). They describe hierarchies moving from the specific—e.g., spelling ability
and speed of reasoning in the Carroll model—to the general—G in the Cattell and
Carroll models. While G is too general for current purposes, it is not clear whether all
or most of the abilities found at the opposite end of the hierarchy (i.e., specific abilities)
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would fit our definition of life skills as being necessary for success in life. For the
current purpose, the most relevant and useful abilities included in these models are
found somewhere in the middle.

Two “middle-level” abilities common to most hierarchical models are crystallized
abilities (also referred to as Gc) and fluid abilities (also referred to as Gf). Carroll describes
crystallized abilities as the accumulated knowledge base, including language
development, verbal and printed language, comprehension, and lexical knowledge.
Similarly, Horn defines crystallized abilities, or acculturation knowledge, as

“...measured in tasks indicating breadth and depth of the knowledge of
concepts and forms of reasoning that have been developed by humans
over the course of many centuries and passed on from one generation to
the next. Gc¢ can be thought of as the intelligence of the culture that is
incorporated by individuals through a process of acculturation”(p. 443).

Carroll's description of fluid abilities centers on reasoning abilities, namely, general
sequential reasoning, inductive reasoning, and quantitative reasoning. Horn defines
fluid abilities as measured in tasks requiring inductive, deductive, conjunctive, and
disjunctive reasoning to arrive at an understanding of relations among stimuli, to
comprehend implications, and to draw inferences (p. 443).

The ALL framework assumes that these two abilities, crystallized and fluid, are
essential to a model of life skills for several reasons. First, it is easy to conceive that
acquisition of them in some way or another is necessary for success in life. Second, they
appear distinct—an important quality as many of the skills and abilities uncovered in
the search for life skills are similar or overlapping. Whereas tests of fluid ability primarily
measure the results of current information-processing skills (reasoning), tests of
crystallized ability, in contrast, primarily measure the result of previously applied
information-processing skills (comprehension). In addition, although measures of the
two abilities may show some statistical correlation, the number of studies separating
them as distinct factors (Carroll, 1993) is so large that there seems to be little argument
for their relative, although not total, independence. Finally, the two abilities show
different patterns of growth and decline with age (Horn, 1994). Fluid ability tends to
increase from infancy onward until the late 20s or early 30s and then to start a period of
usually gradual decline. Crystallized ability tends to increase until rather late in life
and only then begins to show some decline.

Other abilities frequently appear in psychometric theories. Most prominent among
them is spatial visualization (Gv), an ability associated with spatial problem-solving
(Horn, 1976). While one must keep these other abilities in mind, of the abilities
found in psychometric models, crystallized and fluid abilities are the most distinct and
widely accepted, and, thus, present the most compelling case for inclusion as distinct
components of the ALL life skills framework.
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6. Successful intelligence

Even if one were to consider spatial visualization and other less commonly mentioned
abilities in addition to the predominant fluid and crystallized abilities, psychometric
theories alone do not provide a comprehensive set of intellectual abilities necessary for
success in life. Because they have their origins in their attempts to describe and measure
different types of thinking, they are less focused on how people relate to their
surroundings, which is a primary criterion of life skills. Sternberg (1985, 1997a, 1997b)
has attempted to address this shortcoming through his three-part (triarchic) theory of
successful intelligence. He uses this term to emphasize the importance of intelligence as
the abilities needed for life success, thereby distinguishing it from the narrower conception
of intelligence that is popular in the psychometric literature.

Sternberg argues that there are three major aspects of successful intelligence—
analytical, creative, and practical. Analytical abilities are those abilities used to analyze,
evaluate, judge, compare, contrast, and critique. Creative abilities are those abilities
used to create, invent, discover, suppose, imagine, and hypothesize. Practical abilities
are those abilities used to put into practice, apply, use, and implement knowledge and
skills. The three sets of abilities are hypothesized to be statistically relatively independent
but to be psychologically intertwined because the same information-processing
components underlie all three. What differ are the situational contexts in which the
components are used. Analytical abilities tend to be used in situations that are relatively
more familiar, creative abilities in situations that are relatively less familiar, and practical
abilities in situations that are highly contextualized with respect to the individual’s
daily life.

It is important to note that the term “creative abilities” does not refer to the high
levels of creativity shown by world-famous authors, artists, or scientists. Rather, it is
being used in the much more mundane sense of people’s abilities to deal flexibly with
relatively unfamiliar problems, abilities to cope with relative novelty (Sternberg, 1985).
For example, creativity in the sense it is used here is involved when workers on an
assembly line formulate a strategy for more quickly moving their parts of products
down the line (see Scribner, 1984). These abilities have appeared in only in a minority
of psychometric theories of intelligence (e.g., Guilford, 1967).

The theory of successful intelligence adds two important elements to the consensus
view that has emerged from the consideration of psychometric theories. First, it
emphasizes the importance of the distinction between coping with familiar and with
novel tasks and situations. Research suggests that people who are able to cope well with
familiar tasks and situations are not those who are always flexible in coping with novel
tasks and situations (Sternberg, 1985; Sternberg and Lubart, 1995). But in any job or
personal relationship, for that matter, one will be confronted with novel tasks. An
assessment of life skills therefore needs a balance of both. This idea is implicit in the
distinction between fluid abilities (which can be, but need not be, applied to more
novel tasks) and crystallized abilities (which are typically applied to more familiar tasks);
the theory of successful intelligence simply makes this point explicit.

The theory of successful intelligence also emphasizes the importance of the
processes rather than just the products of intellectual functioning. This emphasis has
been implicit in many psychometric theories. For example, although Spearman is most
well-known for his structural theory of general ability, he published an entire book on
the processes he proposed might underlie G (Spearman, 1923). His book detailed three
of the so-called “qualitative” processes—apprehension of experience (what is called
“encoding” in the theory of successful intelligence), eduction of relations (what is called
“inference” in the theory of successful intelligence), and eduction of correlates (what is
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called “application” in the theory of successful intelligence). Thurstone’s (1938) theory,
although not as process oriented, was seen by its originator as a step along the way
toward a process theory (Thurstone, 1947). And Guilford’s (1967) theory had processes
as one of the three dimensions of the cube that Guilford proposed to represent the
structure of intellect.

The degree to which these three abilities are distinct from those proposed by
psychometric models—and therefore require treatment as discrete components—can
be seen in how well they are measured by conventional psychometric assessments.
Analytical abilities, with their close relation to reasoning abilities (fluid abilities), are
measured fairly well by conventional assessments. Creative abilities tend to be measured
less well by such tests, although the extent to which conventional tests measure creative
abilities seems to be proportional to the novelty of the test material. Thus, fluid ability
tests that are relatively novel, such as the Raven Progressive Matrices, probably tap into
creative abilities, at least more so than do other tests (Sternberg and Lubart, 1995). (In
this case, however, it is important to emphasize that what captures creative abilities is
not the fact that these are fluid ability tests—which would imply similarities to fluid
ability—but their unfamiliar nature.) Practical abilities are measured least well by
conventional tests (Sternberg, et al 1995), as evidenced by accounts of people whose
ability to develop fairly complex procedures for executing tasks related to their jobs
cannot be predicted by their 1Qs (Sternberg and Kaufman, 1998).
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7. Proposed domains for Life Skills derived
from psychological theories

For the current purpose, the theory of successful intelligence is best seen as extending
along the same dimension of psychometric models. Both describe types of thinking and
have some degree of overlap. A review of psychometric models points to the importance
of crystallized and fluid abilities. The successful intelligence model begins with analytical
abilities, which can be seen as overlapping at least fluid abilities and perhaps crystallized
abilities as well. But the successful intelligence model takes us further, addressing people’s
relationship to the environment through the domains of practical abilities and creative
abilities. Thus, as a set of core domains of intelligence with clear relationships to success
in life, would include;

Practical Abilities—Abilities used to practice, apply, use, and
implement knowledge and skills. These abilities are highly
contextualized with respect to the individual’s daily life and involve the
management of oneself, management of others, and management of
tasks.

Crystallized Analytical Abilities—Acculturation knowledge. Evident
in tasks that show an indication of the breadth and depth of the
knowledge of concepts and forms of reasoning that have been developed
by humans over the course of many centuries and passed on from one
generation to the next. Tests of crystallized abilities primarily measure
the result of previously applied information-processing skills.

Fluid Analytical Abilities—Reasoning abilities, such as sequential,
inductive, deductive, and quantitative. Tests of fluid abilities primarily
measure the results of current information-processing skills.

Creative (Coping with Novelty) Abilities—Abilities to create, invent,
discover, suppose, imagine, and hypothesize. Characterized by people’s
abilities to deal flexibly with relatively unfamiliar problems—that is,
their abilities to cope with relative novelty.
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8. Connecting the findings: A proposed Life
Skills framework for the ALL study

In the preceding sections, attempts from two widely different fields to describe skills or
abilities that people need to succeed in life were examined. In both cases, a variety of
documents were reviewed and frameworks of categories based on convergence around
certain skills and abilities were drawn from them. With regard to the documents from
which they were drawn, the frameworks are judged to be fairly complete: no commonly
accepted skills, abilities, or categories were omitted. It would seem safe to assume,
therefore, that they could accommodate most of the theories and models in their respective
fields.

It is perhaps no surprise that these two efforts with seemingly similar topics reach
such very different conclusions. They do, after all, take very different approaches in
examining human abilities. The employability skills models look at the skills required
by the many tasks that people face in the workplace and create general categories that
are applicable across a variety of situations. The psychological models, on the other
hand, look at only the type of thinking in which people commonly engage, with little
regard to the context. Neither approach is inherently wrong; both can be considered
appropriate given the different interests and perspectives of the fields from which they
originate. If the major difference between the two is one of perspective, and the two
approaches are indeed talking about a the common concept of life skills, or at least
something roughly comparable to it, then an examination of life skills should be enhanced
by incorporating both of these perspectives.

The All study designers propose that the relationship between the two models is
as follows:

The skills derived from the employability skills literature are the context areas in which
the four types of thinking derived from the psychological theories take place; and
conversely, in each of the skill categories, people can engage in primarily four types of
thinking represented by the four categories derived from the psychological theories.
This relationship is represented by the matrix in Figure 2.

According to this proposed relationship, the skills within a skill area can be classified
by the type of thinking they involve. Taking the example of mathematical skills,
crystallized mathematical skills, such as recalling mathematical facts and formulas, easily
come to mind. Fluid mathematical skills might allow a person to solve mathematical
problems, whereas practical mathematical skills would enable a person to apply his/her
mathematical skills to a situation found on the job. Finally, creative mathematical skills
might, for example, allow a person to design a mathematical solution for a seemingly
non-mathematical situation. Each of these cases occurs in mathematics; yet there are
clear differences among them.

If one looks at the four types of thinking, providing an example of any one of
them requires describing a context, such as using creative thinking to develop a new
software application, or using fluid thinking to select an appropriate dosage of medicine
based on the instructions on the package. The examples might describe a highly
specialized situation, such as identifying a faulty part on an airplane engine or writing
a computer program to predict seismographic activity. In the vast majority of cases,
however, they all can be described, at some level, by a skill found within the skills
categories derived from employability skills studies.
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Linking the two perspectives in this manner is not simply a convenient way of
reconciling two seemingly disparate models. It makes discussions of life skills more
focused by adding a greater level of precision to the employability skills categories and
providing a means for describing the thinking abilities. For example, given two individuals
leading teams, one might perform their duties adequately by employing strategies
common within the company, while the other might devise a new strategy more tailored
to the project and the team members. Both would be employing teamwork skills, but it
would be inaccurate to say both were using the same type of skills. Similarly, it is easy
to imagine a person who can calculate the amount of carpet required to cover all the
floors in a house but who might not understand a set of instructions explaining how to
do so. In this case, is it fair to say that the person has practical abilities, or is it more
appropriate to say that he or she has practical mathematics abilities but few practical
reading skills?

Describing situations to characterize each of the cells in our matrix forces us to
re-examine the meanings of the terms in each model and the relationships of the categories
to each other within the same model. In most cases, the differences between the skill
categories appear clear and the categories appear fairly discrete (although one might
argue that problem solving can take place within a mathematical or technological setting,
or that using technology requires communication and mathematical skills). In contrast,
as one moves across the domains of thinking skills, they are not necessarily independent
of one another. In the example cited earlier regarding leading a project team, the
individual devising the new strategy—a creative thinker—may very well base those new
strategies on what he or she has learned in business school or commonly used at the
company, thus tapping into crystallized thinking. Furthermore, creating a new strategy
may require an evaluation of how well different strategies would work, which requires
fluid thinking. Without further exploration, it is premature to label these four categories
as constituting a hierarchy, but it is important to recognize the possibility that this
relationship exists.

It is also premature to provide anything other than tentative examples for each of
the cells. In the table on the next page (see Figure 2), examples have been placed in
some of the cells. In some cases, they represent commonly occurring tasks and situations
that are distinct from others in the same row or column. In other cases, the examples
may seem more obscure, contrived, or similar to other examples in the same row or
column. It must be recognized that further work in developing examples for each cell
may require refinements to the model. And, perhaps more importantly, this ultimately
may be a product of the ALL assessments themselves.
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Figure 2

Tentative examples of life skills

Practical abilities
(standard applications-
one’s own life)

Crystallized analytical
(recall)

Fluid analytical
(reasoning, information
processing)

Creative abilities
(novel situations)

Communication
Speaking

Listening

Reading

Writing

Speaking in different situations

Listening in variety of situations

Reading variety of documents

Writing various types of

Speaking (diction, clarity,
using words correctly)

Comprehension of spoken
words

Reading from text

Mechanics of writing and

Understanding and
interpretation of meaning

Understanding and
interpretation of meaning

Speaking to achieve goal

Understanding non-standard
speech or type of material

Understanding non-standard
language use or material

Writing (fiction or non)

documents grammar to achieve particular goal
Mathematical Applying math to everyday Recall of facts, theorems, Solving equations or doing Designing mathematical
situations and formulas geometric proofs solution strategies

Problem solving

Choosing from existing set of
solution strategies

Knowledge of standard
problem-solving strategies

Deducing solution to problem

Designing solution strategies

Intrapersonal
Motivation

Metacognition

Interpersonal
Teamwork

Leadership

Participating in team

Applying strategies

Comprehension of one’s role
in group

Knowledge of common team
structures and strategies

Identifying strengths and
weaknesses of team members

Taking on new, unfamiliar
assignment

Designing strategies (based on
goals, resources, strengths of
team members)

Using technology

Using different software
applications

Keyboarding, logging on

Troubleshooting

Creating software for unique
situations; devising information
search strategies

Statistics Canada — Catalogue no. 89-552-MIE, no. 13




Chapter 3: Moving Towards Measurement: the Overarching Conceptual Framework for the ALL Study

Figure 3

The following four charts provide a graphical summary of how, ultimately, the
ALL study conceives of skill. Figure 3 is meant to convey the dynamic or adaptive
dimension of the approach. Individuals are required to confront new demands, whether
from changes in technology and life course or because of a conscious desire for change.
To confront these changes individuals can draw on a number of possible resolution
processes including their own cognitive resources. Different approaches to resolution
lead to different outcomes for individuals, and, through aggregation, to the societal

level. The relationship between resolution approach and outcome is probabilistic rather
than deterministic.

A modified DeSeCo framework for key competences

Demands

Mechanisms

« Reliance on practical and
crystallized cognitive tools

« Reliance on others

e Imposed by
changes in society
and technology

e Associated with
the lifecourse and
life events

e Flowing from
individual goals/
aspirations

« Avoidance Outcomes for
Individual Social Societal
Outcomes Institutions Outcomes
(MICRO) (MESO) (MACRO)
¢ Functioning in e Successful o A well
socially institutions functioning,
Resolution heterogeneous . firm_s_ equitable
Processes groups o families - economy and
« Acting e communities society

t autonomously  schools

Tools/Skills/Key Competences:
¢ Physical tools
« Cognitive tools

« Meta-cognitive tools

Figure 4 is meant to convey two additional insights. First, it suggests that skill
demand can be mapped in multiple life contexts, - work, home, the community, using
a standard typology of skill. Second, a hierarchy of skill exists in which the acquisition
of skills at higher levels in the skill pyramid depend, again in a probabilistic sense, upon
having acquired lower order skills.
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Figure 4
Skill supply and demand by context
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The World of Work

Figure 5 shows how skill supply, profiled in the same skill typology as skill demand,
meets demand in multiple markets, the most obvious of which is the labour market.
Otbher less obvious markets include the education market that serves to allocate access to
scarce educational resources, health markets that allocate access to scarce health resources
including health information, and consumer markets for products and services, many
of which are heavily reliant on the printed word and, increasingly upon technology —
assisted transactions. Less obvious, the ALL framework thinks of families as markets,
or transactional systems, wherein skill demands confronting the family unit are matched
with the skills available in the family unit. Skill differences and role specialization
among family members can create inequities in the distribution of power along gender
lines. Finally political systems can be thought of a market that affords individuals
access to power. The works of Feriere (Feriere 1970) and Bordieu (Bordieu, 1977)
suggest that access to power in these systems depends critically upon individuals having
basic literacy and numeracy skills.
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Figure 5
Theoretical framework: A“Markets” model of skill

Skill Demand Skill Supply

Markets
for

/ / skill /

/ N

v
Outcomes
Context MICRO MESO MACRO
(Individuals) | (Social Institutions) (Systems)
* Economic
 Social

¢ Educational

¢ Health

A defining characteristic of markets is that they create winners and losers, in this
instance based upon individual skill levels. This fact is reflected in Figure 5 as markets
influence the distribution of individual outcomes in the economic, social, health and
educational domains. These same markets also influence the distribution of outcomes
realized by a range of social institutions, such as firms, families, schools and communities,
and ultimately the distribution of outcomes observed at the macro level in these same
domains. Figure 6 provides examples of outcomes in each domain and level. A less
obvious characteristic of markets for skill is that they can be relatively more or less
efficient allocation mechanisms. For example, labour markets are thought of as being
information poor, a fact that leads to high transaction costs and considerable inefficiency
in the employee-employer matching process.
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Figure 6

Outcomes flowing from markets for skill

MICRO MESO MACRO
(individuals) (firms, communities, (economies, societies,
schools, families) regions, special population)
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This final observation allows one to think about how public policy might seek to
influence human capital. First, it can serve to increase the supply of skill available to
markets, largely by financing learning. Second, it can attempt to influence the demand
for skill in each of these markets at the individual level or at the level of social institutions.
Finally, it can try to improve the efficiency of markets that match supply and demand
for skill. As with any set of market oriented policies care must be taken to ensure that
skill supply and demand are roughly in balance over the long term or market distortions
and failures will emerge.
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9. Applicability of the framework to other
theories and perspectives

For the ALL overarching framework to be valid, it should be able to accommodate not
only the theories from which it is derived, but also other attempts to describe life skills,
types of thinking, employability skills, and similar concepts. It is not necessary that the
proposed model agree in either terminology or level of detail with other models and
theories, but it does need to be conceptually compatible to them. Many theories regarding
skills, abilities, and intelligence sound quite different from the proposed framework.
Often, however, the differences arise from the fact that these other theories go beyond
identifying skills and abilities to describing how they are acquired, developed, and
influenced by family and society. This is the case with most sociological and
anthropological theories, for example. Yet, if there are theories with a purpose similar to
that proposed that include skills the ALL model does not, or if they contain a structure
proposing a different relationship among the elements identified, then the proposed
framework will need to be re-examined. Similarly data from the ALL survey itself may
suggest modifications to the underlying theory.

One prominent theory of intelligence that has not been examined thus far is the
theory of multiple intelligences developed by Howard Gardner (Gardner, 1983). It is a
psychological theory that identifies eight discrete kinds of intelligence: linguistic, logical-
mathematical, spatial, interpersonal, intrapersonal, naturalist, bodily-kinesthetic, and
musical. These intelligences have been identified via a retrospective analysis that has
allowed for the consideration and addition of new intelligences that can meet established
criteria for discreteness. Although it is a psychological theory, it does not always fit
along the same dimension as the psychometric theories and the theory of successful
intelligence we have considered.

There are certain overlaps with the psychometric theories. One could argue that
Gardner’s description of linguistic intelligence is very closely related to crystallized
abilities and that logical-mathematical intelligence sounds similar to fluid abilities. At
the same time, all of the intelligences could also be seen as domains in which intelligent
thinking processes—such as those described by psychometric models and the model of
successful intelligence—can take place. One can easily conceive of crystallized, fluid,
practical, and creative thinking taking place within each of the intelligences. In the case
of linguistic intelligence, for example, one can read a short story (crystallized), analyze
it (fluid), devise a way to apply the message of it to everyday life (practical), or write an
alternative ending to it or write a short story of one’s own (creative). Thus, in many
ways, these intelligences are more similar in nature to the skills identified from the
employability skills literature.

Several of the intelligences, however, go beyond the skills listed in the proposed
ALL framework. Whether naturalist intelligence, bodily-kinesthetic intelligence, and
musical intelligence are truly intelligences is moot. ALL assumes, however, that their
generalized relevance to job performance might be less than that of other skills or
intelligences. For example, few jobs outside the field of music require any demonstrated
level of musical intelligence. While many people who pursue musical interests find
that it enriches their lives, it would be difficult to argue that musical intelligence is
necessary for success in life for anything but a small proportion of the population. A
similar argument can be made regarding naturalist intelligence.

Overall, comparing the theory of multiple intelligence against the proposed life
skills framework reveals that, while the intelligences do not fit neatly only as skills (the
left-most column in the matrix) or only as domains of thinking (the top row), the type
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of abilities they describe are captured in various places throughout the framework.
Comparisons with other theories of intelligence or frameworks of employability skills
would result in a similar degree of consistency.
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10. Envisioning Life Skills “Profiles”

The proposed framework describes those skills that a comprehensive set of life skills
contains. If it is valid, it should be relevant across a wide variety of people and contexts.
Where differences arise, however, is in the amount of each skill a person possesses or a
context requires. In other words, while most people need communication skills, some
people have and need more than others, such as in the case of a reporter or a counsellor.
Similarly, a particular occupation might require all four types of thinking skills, but
might rely less on creative than on crystallized abilities. Extending the proposed
framework to address skill levels creates a potentially powerful tool for describing people
and contexts (e.g., cultures, occupations, and lifestyles).

Figure 7 presents a hypothetical life skills profile for a single life context. It is
based on the matrix of the proposed life skills framework, and indicates the relative
amounts of each skill the person possesses. In this case, the person possesses fairly
strong communication skills and has strong creative abilities in some instances. Rather
than focusing on a particular person, the same profile could be used to describe skills
required of a particular job. Profiles such as this one could be developed to describe
both individuals and occupations and to compare similarities and differences in strengths
and emphases.

It is important to remember that these profiles are highly theoretical by nature.
The ability to conceive of life skills far exceeds the ability to assess them, and even
further exceeds the ability to assess them as a unified set within practical constraints by
using comparable methodology and scales. The profiles do, however, serve as useful
heuristic devices, not only to help envision the potential applications of a life skills
framework, but also to better understand and refine the framework itself.

Figure 7
A Theoretical Life Skills “Profile” for a single life context
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11. The third dimension of life skills: Context

Although the ALL framework was derived in large measure from the literature on job
and task analysis it is obvious that these same skills are relevant to life contexts other
than work. Adults assume multiple roles in everyday life — they are citizens, consumers,
parents, caregivers, volunteers, friends and lovers. Each of these roles present adults
with problems to solve, be it writing a cheque, reading instructions on a medicine
bottle, giving someone instructions, or deciding which clock to buy.

Individuals have the choice of:

e avoiding or delaying such problems
e relying on others to solve their problems, or
e solving the problems themselves.

Those who choose to solve their own problems can do so by calling upon different
combinations of skills and by applying different ways of thinking.

Two fundamental assumptions underlying the ALL study are that:

e individuals with low skill levels will be placed at a disadvantage as
measured on a humber objective social, health, educational and
economic outcomes, whereas those with high skills will be advantaged

e demand for the skills measured in ALL are growing rapidly in most
OECD member states, a fact that suggests that they will play an
increasingly important role in defining outcomes in all life contexts and
at all levels.

Rapid changes in the dominant technologies of production and related changes
in the organization of work have precipitated rapid changes in the demand for skill.

Increasingly, workers are asked to solve problems themselves using a combination
of literacy, numeracy and computer literacy skills, including understanding information
on their own benefits responsibilities, expected quality and occupational health and
safety.

In the health domain individuals are increasingly expected to manager their own
health needs, a task that depends on their health literacy and general literacy levels, as
well as their ability to access information on the Internet.

In the consumer domain, buyers are expected to research their purchases to buy
goods and services over the telephone and/or over the internet.

Parents are expected to contribute to their children’s education, to read to their
children and to help with homework and to interact with the school.

Citizens in pluralistic democracies are expected to develop opinions on a range of
policy topics and to judge the merit of alternative responses — opinions that are best
formed through reading and reflection. Basic numeracy skills are essential to
understanding the complexity of the science underlying many policy debates.

Each of the ALL specific domain framework incorporated items drawn from the
following life contexts: home and family, health and safety, work, societal, community
and citizenship, consumer economics and further learning.
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It is important to note that this is not meant to imply that individuals cannot, or
do not, manage to solve a broad range of everyday problems without employing the
skills assessed in ALL . Clearly they can, and do. Analysis of data from the IALS study
suggests, however, that individuals would gain more independence, and would be more
successful on average, if average skill levels were increased and the proportion of individuals
at level 1 on each scale, the lowest skill level reduced. These effects are sufficiently large
to imply large effects at the level of the firm and the community and, ultimately, at the
level of entire economies and societies.
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12. Measuring Life Skills

The ultimate purpose of the proposed life skills framework is to help guide the assessment
efforts of the ALL project. Due to the variety of work being done in the area of assessing
life skills and cognitive abilities, the assessment efforts within the ALL project could
follow very different paths. The proposed framework provides a unifying direction for
assessment efforts by establishing a limited set of life skills to be assessed and by
establishing relationships among life skills according to their skill area and the type of
thinking involved. Having a vision for what an ideal set of assessments would look like
not only ensures consistency in development, but also assists in gauging progress along
the way.

The proposed framework requires that any assessment efforts be viewed in terms
of two characteristics: the type of skill assessed (e.g., reading, teamwork) and the type of
thinking assessed (e.g., crystallized, creative). Doing so makes the development of
assessments all the more challenging, as efforts to assess just one characteristic are
themselves incomplete. As described earlier, there have been many efforts to identify
employability skills, but few of the projects have assessment efforts associated with
them. Assessments measuring different types of thinking ability have a considerably
longer history, but conventional methods primarily focus upon crystallized and fluid
thinking, while assessments of practical and creative abilities are less well developed and
not commonly accepted.

Not surprisingly, if we compare existing ALL assessment efforts with the proposed
framework, they only address a fairly limited range of life skills.

Several potential domains did not meet the criteria for inclusion set out earlier
and were dropped from consideration for the current cycle of assessment. Thus ALL
attempted to develop detailed assessment frameworks, test blueprints and performance
assessment items in the following seven areas:

Prose Literacy (PL)—focuses on the knowledge and skills needed to
understand and use information from texts that contain extended prose
organized in a typical paragraph structure found in materials such as
editorials, news stories, brochures and pamphlets, manuals, and fiction.

Document Literacy(DL)—focuses on the knowledge and skills required
to locate and use information in qualitatively different printed materials
that contain more abbreviated language and use a variety of structural
devices to convey meaning. These include tables, charts, graphs, indices,
diagrams, maps, and schematics.

Numeracy(N)—addresses the ability to interpret, apply, and
communicate mathematical information in commonly encountered
situations (adapted from Queensland Department of Education, 1994).
Numerate behaviour is observed when people manage a situation or solve
a problem in a real context, and involves responding to mathematical
information that may be represented in multiple ways; it requires the
observation of a range of enabling knowledge and behaviour processes.
In the ALL context we refer to numeracy as: the knowledge and skills
required to effectively manage and respond to the mathematical demands
of diverse situations.

Problem Solving(PS)—involves the ability to apply cognitive processes
toward determining a solution when that solution is not immediately
obvious to the problem solver. The ALL definition of problem solving
takes a “project approach” that focuses on the competencies needed for
the regulation of actions in complex tasks.
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Teamwork(T)—focuses on the core skill competencies associated with
successful and effective teams and teamwork. To this end, three primary
competencies required for effective Teamwork are proposed:

Group Decision Making/Planning, Adaptability/Flexibility, and
Interpersonal Relations.

A fourth competency, Communication, underlies all three competencies
and serves as a bridge between them.

Practical Cognition(PC)—refers to knowledge relevant to problems that
are not clearly defined, are personal in nature, relate to everyday
experience, have multiple correct solutions, and have multiple methods
for deriving solutions. Measurement is achieved through items that
present a real-life situation.

Information and Communication Technology Literacy(ICTL)—includes
access to computers, self-assessment of computer-related attitude and
ability, use of and experience with computers, methods used in the
development of computer skills, and use of and experience with related
technology.

Figure 8 presents what a cross-mapping of ALL assessments to the framework
looks like, placing the initials of each assessment in appropriate cells where assessments
took place in the developmental phase.

Figure 8
Current ALL frameworks
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Clearly, future assessment will need to expand across a wider range of abilities,
creative abilities in particular. Although coping with novelty and flexible thinking are
required in some of the assessments, none of the assessments are explicitly designed to
tap flexible thinking and the ability to cope with novel kinds of tasks and situations.
This is, of course, quite challenging, as these abilities are the most difficult ones to
measure and the ones with which psychometricians have the least experience.

In many regards, the ALL assessments are venturing into new territory. Because
the entire range of life skills is large, it may not be practical or desirable to address all of
the cells in the life skills framework. Priority areas will have to be chosen. However, as
efforts to develop assessments evolve, the framework can serve as a valuable method for
identifying those priority areas, and for ensuring philosophical consistency across all of
the assessments.
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13. Conclusion

The framework for life skills presented here is ambitious—it seeks to establish a unifying
relationship among theories about skills and intelligence that have widely varying
purposes, perspectives, and language. As a result, one might argue that it is incomplete,
that it takes liberties with the original theories, or that the relationships proposed are
less valid in some instances than in others. It derives strength, however, from the fact
that it is based on consensus found within the two types of theories it examines:
employability skills and psychological models. Further, it generally accommodates other
theories, examples of contextual applications of skills and thinking abilities, and the
assessments developed for the ALL project. Future work in the area of life skills may
require modifications to the framework but, even in its initial state, it provides an
important theoretical foundation for the ALL project. Not only does it address the
many different models and theories that have been developed to describe concepts similar
to life skills, it distils a comprehensive set of life skills from this convergence. It is
intended that this set can accommodate other theories and models, so that future
consideration of them does not result in completely new sets of skills and abilities that
need to be addressed. The framework also creates a useful means of examining the
assessment efforts of the ALL project. By placing them into the framework, it is possible
to gauge how “complete” the efforts are and to identify possible areas for future assessment
development. Finally, the framework can contribute to the overall vision for the project,
focusing both theoretical and practical discussions on what life skills are and how an
understanding of them can help enrich people’s lives.
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Appendix A

Workplace Skill Lists

1.

Skills triangle from people and skills in
the new global economy

Not Portable Workplace Skills:

Firm and Job Specific Skills

Portable Workplace Skills:

Generic Technical
Analytic Problem Solving
Workplace Interpersonal

Portable Basic Skills:

Motor Skills
Mathematics
Reading and Writing
Ability to Learn
Communications

2. Key competencies from putting general education
to work: the key competencies report

Collecting, Analyzing, and Organizing Information

The capacity to locate, sift and sort information in order to select what is required and
present it in a useful way, and evaluate both the information itself and the sources and
methods used to obtain it.

Communicating ldeas and Information

The capacity to communicate effectively with others using the range of spoken, written,
graphic, and other non-verbal means of expression.

Planning and Organizing Activities

The capacity to plan and organize one’s own work activities, including making good use
of time and resources, sorting out priorities and monitoring one’s own performance.

Working with Others and in Teams

The capacity to interact effectively with other people both on a one-to-one basis and in
groups, including understanding and responding to the needs of a client and working
effectively as a member of a team to achieve a shared goal.

Using Mathematical Ideas and Techniques

The capacity to use mathematical ideas, such as number and space, and techniques,
such as estimation and approximation, for practical purposes.

Solving Problems

The capacity to apply problem-solving strategies in purposeful ways, both in situations
where the problem and the desired solution are clearly evident and in situations
requiring critical thinking and creative approaches to achieve outcomes.

Using Technology

The capacity to apply technology, combining the physical and sensory skills needed to
operate equipment with the understanding of scientific and technological principles
needed to explore and adapt systems.
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3. Michigan employability skills profile

Academic skills

* Read and understand written materials

e Understand charts and graphs

*  Understand basic math

e Use mathematics to solve problems

e Use research and library skills

e Use specialized knowledge and skills to get a job done
e Use tools and equipment

e Speak in the language in which business is conducted
e Write in the language in which business is conducted
e Use scientific method to solve problems

Personal management skills

e Attend school/work daily and on time

*  Meet school/work deadlines

e Develop career plans

e Know personal strengths and weaknesses
e Demonstrate self-control

e Pay attention to details

e Follow written and oral instructions

e Follow written and oral directions

e Work without supervision

e Learn new skills

e ldentify and suggest new ways to get the job done

Teamwork skills

e Actively participate in a group

e Know the group’s rules and values

e Listen to other group members

e Express ideas to other group members

e Be sensitive to the group members’ ideas and views

e Be willing to compromise if necessary to best accomplish the goal

e Be a leader to compromise if necessary to best accomplish the goal

e Work in changing settings and with people of differing backgrounds
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4.  Conference board employability skills profile

e Academic Skills
e Communicate
e Think
e Learn
*  Personal Management Skills
»  Positive Attitudes and Behaviours
* Responsibility
* Adaptability
e Teamwork Skills
e Work with Others

5.  Skills list from workplace basics: The skills
employers want

* 3R’, Reading, Writing, Computation

* Learning to learn

*  Communication: Listening and Oral Communication
»  Creative Thinking/Problem Solving

* Interpersonal/Negotiation/ Teamwork

»  Self-Esteem/Goal Setting-Motivation/Personal and Career
Development

»  Organizational Effectiveness/Leadership

6. American college testing workKeys specifications

e Locating and Using Information

e Reading for Information

e Listening

e Writing

e Applied Mathematics

o Teamwork

e Applied Technology (assessed as problem-solving skills)
*  Observation
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7. SCANS competencies and foundation skills

Workplace competencies effective workers can productively use:

Resources They know how to allocate time, money, materials, space, and staff.

Interpersonal Skills They can work on teams, teach others, serve customers, lead, negotiate, and
work well with people from culturally diverse backgrounds.

Information They can acquire and evaluate data, organize and maintain files, interpret and
communicate, and use computers to process information.

Systems They understand social, organizational, and technological systems; they can
monitor and correct performance; and they can design or improve systems.

Technology They can select equipment and tools, apply technology to specific tasks, and
maintain and troubleshoot equipment.

Foundations skills competent workers in the high-performance
workplace need:

Basic Skills Reading, writing, arithmetic and mathematics, speaking, and listening.

Thinking Skills The ability to learn, to reason, to think creatively, to make decisions,
and to solve problems.

Personal Qualities Individual responsibility, self-esteem and self-management, sociability,
and integrity.
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8. NCVQ core skills

*  Communicate
» Discussions
*  Write
*  Useimages
e Read and respond
*  Application of Number
*  Problem Solving
* Information Technology
*  Personal Skills
* Improving own learning and performance
*  Working with others

9.  Essential skills research project

e Reading Skills
»  Textual Materials
e Graphical Materials
e Writing Skills
e Numeracy Skills
e Psychomotor Skills
*  Oral Communication Skills
e Thinking Skills
e Problem Solving
e Decision making
e Planning/Organizing Job Tasks
e Working with Others
e Computer Skills
e Continuous Learning
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Part ||

Theoretical Frameworks for Specific
Domains Included in ALL

This Part includes three chapters that provide assessment frameworks for the four skill
domains that met the criteria set out for inclusion in the international comparative
assessment. These chapters also document the processes that were used to develop and
validate the assessment instruments and presents data related to validity and reliability.
Chapter 4 presents the framework for prose, document and quantitative literacy. This
framework covers the three domains that were included in the International Adult
Literacy Survey (IALS). Quantitative literacy was replaced by Numeracy for the ALL
study. This framework served as a model for other frameworks. Chapter 5 presents the
framework for numeracy, and, chapter 6 presents the framework for problem solving.
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Educational Testing Service, the copyright owner.
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Abstract

This paper offers a framework that has been used for both developing the tasks used to
measure literacy and for understanding the meaning of what has been reported with
respect to the comparative literacy proficiencies of adults in participating countries.
The framework consists of six parts that represent a logical sequence of steps, from
needing to define and represent a particular domain of interest, to identifying and
operationalizing characteristics used to construct items, to providing an empirical basis
for interpreting results. The various parts of the framework are seen as important in that
they help to provide a deeper understanding of the construct of literacy and the various
processes associated with it. A processing model is proposed and variables associated
with performance on the literacy tasks are identified and verified through regression
analyses. These variables are shown to account for between 79% and 89% of the variance
in task difficulty. Collectively, these process variables provide a means for moving away
from interpreting performance on large-scale surveys in terms of discrete tasks or a
single number, toward identifying levels of performance that have generalizability across
pools of tasks and toward what Messick (1989) has called a higher level of measurement.

Key words: assessment design, construct validity, evidence centered assessment
design, framework, large-scale assessment, literacy/reading, test interpretation
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Introduction

The International Adult Literacy Survey (IALS) was the first-ever comparative survey
of adults designed to profile and explore the literacy distributions among participating
countries. It was a collaborative effort involving several international organizations,
intergovernmental agencies, and national governments. In 2000, a final report was
released (Organization for Economic Co-operation and Development and Statistics
Canada, 2000), which stated that “by 1998, the survey had covered 10.3 percent of
the world population and 51.6 percent of the world GDP” (p.87).

Who are the constituencies that are likely to use the data from the IALS once
they have been collected and analyzed? It is expected that many individuals, including
researchers, practitioners, and individual citizens within each of the participating
countries, will read the survey results and make use of the data for a variety of purposes.
Yet, the primary reason for developing and conducting this large-scale international
assessment is to provide empirically grounded interpretations upon which to inform
policy decisions. This places the IALS in the context of policy research. In their classic
volume on this topic, Lerner and Lasswell (1951) argued that the appropriate role for
policy research is not to define policy; rather, it is to establish a body of evidence from
which informed judgments can be made. Messick (1987) extended this thinking to the
area of large-scale assessments and noted that, in order to appropriately fulfill this
function, assessments should exhibit three key features: relevance, comparability, and
interpretability.

Relevance refers to the capability for measuring diverse background and program
information to illuminate context effects and treatment or process differences. Both
IALS and ALL developed and administered an extensive questionnaire covering a wide
range of issues that will be used to identify characteristics that are correlated with
performance and that may differ across a variety of language and cultural backgrounds.

Comparability deals with the capacity to provide data or measures that are
commensurable across time periods and across populations of interest. Complex sampling,
scaling, and translation procedures are being implemented to help ensure that common
metrics will exist across participating countries so that appropriate comparisons can be
made between countries and among major subpopulations of interest within a country.
These comparisons are important both in this initial survey and in future assessments
where new countries may join the survey and want to be placed onto existing scales, or
where participating countries may want to measure trends in the distributions of skills
among various subpopulations of interest.

Interpretability focuses on collecting evidence that will enhance the understanding
and interpretation of what is being measured. In some assessments, the meaning of
what is being measured is constructed by examining performance on individual tasks,
or by assuming it is inherent in the label that is used to organize one or more sets of
tasks—for example, reading comprehension or critical thinking. All too often assessments
focus on rank ordering populations or countries by comparing mean scores or
distributions. These data tell us that people differ without telling us how they differ.
One of the stated goals in the IALS and ALL studies is to try to address the issue of
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interpretability not only by reporting that countries, groups, or individuals differ in
their proficiencies, but also by developing an interpretative scheme for reporting how
they differ.

In considering the development of the literacy framework, a set of necessary
components has been identified:

e A framework should begin with a general definition or statement of
purpose—one that guides the rationale for the survey and what should be
measured.

e A framework should identify various task characteristics and indicate how
these characteristics will be used in constructing the tasks.

. Variables associated with each task characteristic should be specified, and
research should be conducted to show which of these variables account for
large percentages of the variance in the distribution of tasks along a
continuum or scale. Variables that appear to have the largest impact on
this variance should be used to create an interpretative scheme. This is a
crucial step in the process of measurement and validation.

While the chief benefit of constructing and validating a framework for literacy is
improved measurement, a number of other potential benefits are also evident. Namely:

e A framework provides a common language and a vehicle for discussing the
definition of the skill area.

. Such a discussion allows us to build consensus around the framework and
measurement goals.

e An analysis of the kinds of knowledge and skills associated with successful
performance provides a basis for establishing standards or levels of
proficiency. As we increase our understanding of what is being measured
and our ability to interpret scores along a particular scale, we have an
empirical basis for communicating a richer body of information to various
constituencies.

e ldentifying and understanding particular variables that underlie
successful performance further our ability to evaluate what is being
measured and to make changes to the measurement over time.

e Linking research, assessment, and public policy promotes not only the
continued development and use of the survey, but also understanding of
what it is measuring.

Overview of the framework

While there are many approaches one could take to develop a framework for measuring
a particular skill area, the diagram shown here represents a process that has been used to
construct and interpret the literacy tasks for the National Adult Literacy Survey (NALS)
(Kirsch, Jungeblut, Jenkins, and Kolstad, 1993) and for the IALS (OECD and Human
Resources Development Canada [HRDC], 1997; OECD and Statistics Canada, 1995;
OECD and Statistics Canada, 2000). This process is also being used to develop the
reading literacy measure for the Programme for International Student Assessment (PISA)
(OECD, 1999). The diagram shown here represents a process that consists of six parts.
These six parts represent a logical sequence of steps that should be addressed, from
needing to define a particular skill area, to having specifications for constructing items,
to providing an empirically based interpretation of the scores that are obtained.
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Defining Literacy
Organizing the Domain
Task Characteristics
Identifying and Operationalizing
Variables
Validating Variables
Building an
Interpretive
Scheme

Part 1 of the framework focuses on the working definition for literacy, along with
some of the assumptions that underlie it. In doing so, the definition sets the boundaries
for what the survey seeks to measure as well as what it will not measure. Part 2 provides
a discussion on how we may choose to organize the set of tasks that are constructed to
report to policymakers and researchers on the distribution of a particular skill in the
population. Determining how to report the data should incorporate statistical, conceptual,
and political considerations. Part 3 deals with the identification of a set of key
characteristics that will be manipulated by developers when constructing tasks for a
particular skill area. Part 4 identifies and begins to define the variables associated with
the set of key characteristics that will be used in test construction. These definitions are
based on the existing literature and on experience with building and conducting other
large-scale assessments. Part 5 lays out a procedure for validating the variables and for
assessing the contribution each makes toward understanding task difficulty across the
various participating countries. The final part, Part 6, discusses how an interpretative
scheme was built using the variables that have been shown through the research in Part
5 to account for task difficulty and student performance.

Defining literacy

Definitions of reading and literacy have changed over time in parallel with changes in
our society, economy, and culture. The growing acceptance of the importance of lifelong
learning has expanded the views and demands of reading and literacy. Literacy is no
longer seen as an ability that is developed during the early school years, but is instead
viewed as an advancing set of skills, knowledge, and strategies that individuals build on
throughout their lives in various contexts and through interaction with their peers and
with the larger communities in which they participate.

Historians remind us that the types and levels of literacy skills necessary for
economic participation, citizenship, parenting, and individual advancement in 1800
were different from those required by 1900 and from those required in the year 2000
and beyond. We live in a technologically advancing world, where both the number and
types of written materials are growing and where increasing numbers of citizens are
expected to use information from these materials in new and more complex ways.

As Resnick and Resnick (1977) point out, literacy in its earliest form consisted of
little more than signing one’s name. It was not until much later that fluent oral reading
became important, and not until the 20™" century that reading to gain information was
given primary emphasis. Standardized tests became fashionable and reading-grade-
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level scores became the focus of attention. Through the use of these instruments the
term literacy has implied the acquisition of intellectual skills associated with basic
academic competencies associated with reading and writing. Standards for literacy
increased over the decades, from being able to read at a fourth-grade level, to reading at
an eighth-grade level, and then by the early '70s, to a 12"-grade level. These measures
came under increasing criticism, however, because they did not provide specific
information about the kinds of competencies that given levels of literacy imply. Perhaps
more important was the recognition that literacy relates not to some arbitrary standard
for the purpose of categorizing people as literate or illiterate, but to what people can do
with printed and written materials and how these skills relate to a host of social needs.
As Beach and Appleman (1984) noted,

The often heard charge, Johnny can't read is a little like saying Johnny
can't cook. Johnny may be able to read the directions for constructing
a radio kit, but not a Henry James novel, just as Johnny may be
able to fry an egg but not cook Peking duck. In discussing reading
in the schools, we must recognize that reading involves as wide a
range of different types of texts as there are types of food. And, to
imply, as does the slogan, “Johnny can’t read,” that reading is a single
skill suited to all types of texts does not do justice to the range of
reading types.

Thus, the multifaceted nature of literacy had often been glossed over through the
use of grade-level equivalent scores.

It was from this multifaceted perspective that several large-scale assessments of
literacy were conducted in Australia (Wickert, 1989), Canada (Montigny, Kelly, and
Jones, 1991), and the United States (Kirsch and Jungeblut, 1986; Kirsch et al., 1993).

In 1992, the Organization for Economic Co-operation and Development
(OECD) (OECD and Statistics Canada, 1992) concluded that low literacy levels were
a serious threat to economic performance and social cohesion on an international level.
But a broader understanding of literacy problems across industrialized nations—and
consequent lessons for policymakers—was hindered due to a lack of comparable
international data. Statistics Canada and Educational Testing Service (ETS) teamed
up to build and deliver an international comparative study. After some discussion and
debate, the framework and methodology used in NALS was applied to the first large-
scale International Adult Literacy Survey.

NALS, which was funded by the National Center for Education Statistics (NCES)
as part of its overall assessment program in adult literacy, was the largest and most
comprehensive study of adult literacy ever conducted in the United States. Like all
large-scale assessments funded by the NCES, NALS was guided by a committee, which
was comprised of a group of nationally recognized scholars, practitioners, and
administrators who adopted the following definition of literacy:

Literacy isusing printed and written information to function in
society, to achieve one’s goals, and to develop one’s knowledge
and potential.

This definition captures the initial work of the committee guiding the development
of the assessment, and provides the basis for creating other aspects of the framework to
be discussed. It also carries several assumptions made by panel members; thus, it is
important to consider various parts of this definition in turn.

Literacy s ...
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The term literacy is used in preference to reading because it is likely to convey more
precisely to a nonexpert audience what the survey is measuring. Reading is often
understood as simply decoding or reading aloud, whereas the intention of the adult
surveys is to measure something broader and deeper. Researchers studying literacy within
particular contexts noted that different cultures and groups may value different kinds
of literacy practices (Heath, 1980; Sticht, 1975; Szwed, 1981). Heath, for example,
found that uses for reading could be described in terms of instrumental, social
interactional, news-related, memory supportive, substitutes for oral messages, provision
of a permanent record, and personal confirmation. The fact that people read different
materials for different purposes implies a range of proficiencies that may not be well
captured by signing one’s name, completing a certain number of years of schooling, or
scoring at an eighth-grade level on a test of academic reading comprehension.

... using printed and written information

This phrase draws attention to the fact that panel members view literacy not as a
set of isolated skills associated with reading and writing, but more importantly as the
application of those skills for specific purposes in specific contexts. When literacy is
studied within varying contexts, diversity becomes its hallmark. First, people engage in
literacy behaviors for a variety of uses or purposes (Cook-Gumperz and Gumperz,
1981; Heath, 1980; Mikulecky, 1982; Sticht, 1978). These uses vary across contexts
(Heath, 1980; Venezky, 1983) and among people within the same context (Kirsch and
Guthrie, 1984a). This variation in use leads to an interaction with a broad range of
materials that have qualitatively different linguistic forms (Diehl, 1980; Jacob, 1982;
Miller, 1982). In some cases, these different types of literacy tasks have been associated
with different cognitive strategies or reading behaviors (Crandall, 1981; Kirsch and
Guthrie, 1984b; Scribner and Cole, 1981, Sticht, 1978, 1982).

... to function in society, to achieve one’s goals,
and to develop one’s knowledge and potential.

This phrase is meant to capture the full scope of situations in which literacy plays
a role in the lives of adults, from private to public, from school to work, to lifelong
learning and active citizenship. “[ T]o achieve one’s goals and to develop one’s knowledge
and potential” points to the view that literacy enables the fulfillment of individual
aspirations—both defined ones such as graduation or obtaining a job, and those less
defined and less immediate, which extend and enrich one’s personal life. The phrase “to
function in society” is meant to acknowledge that literacy provides individuals with a
means of contributing to, as well as benefiting from, society. Literacy skills are generally
recognized as important for nations to maintain or improve their standard of living and
to compete in an increasingly global marketplace. Yet, they are equally as important for
individual participation in technologically advancing societies with their formal
institutions, complex legal systems, and large government programs.

Organizing the domain

Having defined the domain of literacy and having laid out the set of assumptions that
were made in developing the definition, it is important to think about how to organize
the domain. This organization needs to focus on how to report the scores that result
from administering a pool of literacy tasks. This is an important issue because how the
domain is organized can affect test design. Because some believe that reading is not a
single, one-dimensional skill, literacy is not necessarily best represented by a single scale
or single score along that scale. Yet determining how many and which scales should be
used for reporting literacy scores is crucial for ensuring that sufficient numbers of tasks
are developed to define and interpret these scales adequately.
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Different perspectives can be used to help organize a domain of tasks. Traditionally,
literacy skills have been categorized by modality into reading, writing, speaking, and
listening. Reading and writing are sometimes combined, as they are thought to require
similar processes, and speaking and listening are often grouped in terms of being too
costly and difficult to assess. Thus, they were not included in the survey. Committee
members also wanted to include basic arithmetic calculations as part of the assessment
since adults are often required to use printed information that involves these skills. As
a result, this aspect of literacy was also included in the surveys.

Work in the area of context of literacy clearly provides one possible organizing
principle for what may appear to be a disparate set of literacy tasks. There is the familiar
academic or school context (dealing primarily with prose or connected discourse)
contrasted with nonschool or “everyday life” contexts. And the nonschool contexts can
be subdivided into the work-related and home-related tasks. However, it is operationally
difficult to separate tasks along these latter dimensions since the work and home categories
are not mutually exclusive in terms of the literacy tasks engaged in.

Another organizing principle of some appeal involves categorizing literacy tasks
in terms of the types of materials or formats in which they occur, and to examine the
associated purposes or uses both within and across materials. The appeal for this type of
organizational scheme stems from research literature suggesting that different materials
or formats are associated with different contexts and that a significant proportion of
adult reading tasks in the context of work involve documents (Jacob, 1982; Kirsch and
Guthrie, 1984a; Sticht, 1975)—qgraphs, charts, forms, and the like—rather than prose.
Frequently, these documents are embedded in the contexts of home or work and
community, as contrasted with prose, which is most frequently associated with school
or academia. Moreover, different materials and formats are often associated with different
purposes, and these purposes are frequently associated with different reading strategies.
This line of reasoning led to distinctions such as Sticht’s “reading to do” and “reading to
learn.”

As another instance reflecting similar distinctions, the National Assessment of
Educational Progress (NAEP) (1972) came to aggregate reading exercises in terms of
“themes”—word meanings, visual aids, written directions, reference materials, significant
facts, main ideas, inferences, and critical reading. The areas of reference materials and
significant facts were among those in which young adults aged 26-35 performed better
than did in-school 17-year-olds, while in-school 17-year-olds performed higher than
young adults in inferences and critical reading. These and other NAEP results suggest
the utility of a priori classifications that allow for the examination of differential
performance for subgroups both within a single assessment and across groups over time.

In the end, a compromise was reached among the various organizing concepts that was
felt to reflect a number of salient notions from the literature. Three scales were
hypothesized—a prose literacy scale, a document literacy scale, and a quantitative literacy
scale. In this way, it is possible to acknowledge that the structure of prose passages are
qualitatively different from the structures associated with documents such as charts,
tables, schedules, and the like, and to provide for a separate scale for those tasks involving
the processing of printed information in combination with arithmetic operations.

The original data from the NAEP Young Adult Literacy Survey (YALS) was
subjected to factor analysis to explore dimensionality (Kirsch and Jungeblut, 1986).
Following the logic of Cattell’s scree test (1966), the breaks in the pattern of latent
roots indicated at least three salient factors, with the possibility of as many as five
additional factors. Analysis of parallel random data reinforced the judgment that a
three-factor solution was appropriate. However, for exploratory purposes, three separate
analyses were conducted: In one analysis eight factors were retained and rotated for
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interpretation; in another, five factors were retained; and, in the final analysis, three
factors were retained for rotation and interpretation.

In each instance, the factors were rotated to orthogonal simple structure by the
varimax procedure and to oblique simple structure by the DAPPER method (Tucker
and Finkbeiner, 1981). Tasks loading highest on the first and largest factor seemed to
rely heavily on prose comprehension, tasks loading highest on the second factor seemed
to reflect skills in using documents, while tasks loading highest on the third factor
required the application of arithmetic operations.

Interpretation of the five- and eight-factor solutions was much less clear. Although
each revealed three major factors reflecting prose, document, and quantitative operations,
for the most part these rotated solutions provide interesting clues for possible task
modification and for future item development, rather than clear-cut implications for
scaling the existing data. That is, if desired, one could devise a new set of tasks that
could isolate a factor reflecting the importance of procedural knowledge as it might
apply, for example, to entering and using information in forms. Alternatively, one
might prefer to restrict the impact of this type of knowledge by eliminating this type of
task from the assessment. Thus, the empirical data provided by the YALS tended not
only to support the a priori judgment for the three literacy scales but also suggested
ways in which the assessment could be broadened. It is important to keep in mind that
the three literacy scales are not the only salient dimensions of literacy per se. These
dimensions are likely to shift as a function of different definitions and different
perspectives on literacy.

More recent advisory committees involved with NALS and IALS have agreed
that literacy should not be measured along a single continuum and have chosen to
adopt the general definition and three scales defined here. These committees further
recommended that new literacy tasks, which were constructed for each of these
assessments, should be developed to enhance the three existing scales, and that these
new tasks should continue to use open-ended simulation tasks rather than multiple-
choice questions and to emphasize measuring a broad range of information-processing
skills covering a variety of contexts.

Identifying task characteristics

Almond and Mislevy (1998) note that variables can take on one of five roles in an
assessment or test. They can be used to limit the scope of the assessment, characterize
features that should be used for constructing tasks, control the assembly of tasks into
booklets or test forms, characterize examinees' performance on or responses to tasks, or
help to characterize aspects of competencies or proficiencies. Some of these variables
can be used both to help in the construction of tasks and the understanding of
competencies, as well as in the characterization of performance. A finite number of
characteristics are likely to influence students’ performance on a set of literacy tasks,
and these can be taken into account when constructing or scoring the tasks. These
characteristics, which are thought to be important components of the literacy process,
were manipulated in the development of tasks for IALS. These characteristics include:

e Adult Contexts/Content. Since adults do not read written or printed
materials in a vacuum, but read within a particular context or for a
particular purpose, materials for the literacy assessment are selected that
represent a variety of contexts and contents. This helps ensure that no
single group of adults is either advantaged or disadvantaged due to the
context or content included in the assessment.
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e Materials/Texts. While no one would doubt that a literacy assessment
should include a range of material, what is critical to the design and
interpretation of the scores that are produced are the range and specific
features of the text material that are included in constructing the tasks.
Thus, a broad range of both prose and document text types are included
in this survey.

o Processes/Strategies. This refers to the characteristics of the questions and
directives that are given to adults for their response. Generally speaking,
the questions and directives will refer to a goal or purpose the readers are
asked to assume while they are reading and interacting with texts, and
relate to one or more strategies that the reader is likely to use in producing
their response.

Identifying and operationalizing the variables

In order to use these three main task characteristics in designing the assessment and,
later, in interpreting the results, the task characteristics need to be operationalized.
That is, various values that each of these characteristics can take on must be specified.
This will allow item developers to categorize the materials they are working with and
the questions and directives they construct so that they can be used in the reporting of
the results. These variables can also be used to specify what proportions of the assessment
ought to come from each category.

Context/Content

Materials that are selected for inclusion in the assessment need to represent a broad
range of contexts and contents so that no single group is advantaged or disadvantaged in
terms of familiarity or exposure. Six adult context/content categories have been identified
as follows:

e Home and family includes materials dealing with interpersonal
relationships, personal finance, housing, and insurance.

e Health and safety includes materials dealing with drugs and alcohol,
disease prevention and treatment, safety and accident prevention, first aid,
emergencies, and staying healthy.

e Community and citizenship includes materials dealing with community
resources and staying informed.

e Consumer economics includes materials dealing with credit and banking,
savings, advertising, making purchases, and maintaining personal
possessions.

e Work includes materials that deal in general with various occupations but
not job-specific texts, finding employment, finance, and being on the
job.

. Leisure and recreation includes materials involving travel, recreational
activities, and restaurants.

It is important to note that with respect to this variable, an attempt should be
made to include as broad a range as possible across the six contexts, as well as to select
universally relevant materials. Following this procedure will help to ensure that the
content and materials that are included in the assessment are not so specialized as to be
familiar only to certain groups and that any disadvantages for people with limited
background knowledge might be minimized.
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Materials/Texts

Reading requires something for the reader to read. In an assessment, that something—
a text—must be coherent within itself. That is, the text must be able to stand alone
without requiring additional printed material. While it is obvious that there are many
different kinds of texts and that any assessment should include a broad range of them,
it is not so obvious that there is an ideal categorization of text types. There are any
number of proposals as to the appropriate categories, many of them created for practical
rather than theoretical purposes. All of them share the fact that no particular physical
text seems to fit easily into only one category. For example, a chapter in a textbook
might include some definitions (often identified as a text type), some instructions on
how to solve particular problems (yet another text type), a brief historical narrative of
the discovery of the solution (still another text type), and descriptions of some typical
objects involved in the solution (a fourth text type).

It might be thought that a definition, for example, could be extracted and treated
as a single text for assessment purposes. But this would remove the definition from the
context, create an artificial text type (definitions almost never occur alone, except in
dictionaries), and not allow item writers to create tasks that deal with reading activities
that require integrating information from a definition with information from instructions.

A more important classification of texts, and one at the heart of this assessment,
is the distinction between continuous and noncontinuous texts. Continuous texts are
typically composed of sentences that are, in turn, organized into paragraphs. These
may be fit into even larger structures such as sections, chapters, and books. Noncontinuous
texts are most frequently organized in matrix format, based on combinations of lists.

Continuous texts

Conventionally, continuous texts are formed of sentences organized into paragraphs. In
these texts, organization occurs by paragraph setting, indentation, and the breakdown
of text into a hierarchy signaled by headings that help the reader recognize the
organization of the text. Text types are standard ways of organizing the contents of and
author’s purpose for continuous texts.*

1. Description is the type of text where the information refers to properties
of objects in space. Descriptive texts typically provide an answer to what
questions.

2. Narration is the type of text where the information refers to properties of
objects in time. Narration texts typically provide answers to when, or in
what sequence, questions.

3. Exposition is the type of text in which the information is presented as
composite concepts or mental constructs, or those elements into which
concepts or mental constructs can be analyzed. The text provides an
explanation of how the component elements interrelate in a meaningful
whole and often answers how questions.

4. Argumentation is the type of text that presents propositions as to the
relationship among concepts or other propositions. Argument texts often
answer why questions. Another important subclassification of argument
texts are persuasive texts.

5. Instruction (sometimes called injunction) is the type of text that provides
directions on what to do.

6. Document or record is a text that is designed to standardize and conserve
information. It can be characterized by highly formalized textual and
formatting features.
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7.

Hypertext is a set of text slots linked together in such a way that the units
can be read in different sequences, allowing readers to follow various
routes to the information.

Noncontinuous texts

Noncontinuous texts are organized differently than continuous texts and so allow the
reader to employ different strategies for entering and extracting information from them.
On the surface, these texts appear to have many different organizational patterns or
formats, ranging from tables and schedules to charts and graphs, and from maps to
forms. However, the organizational pattern for these types of texts, which Mosenthal
and Kirsch (1998) refer to as documents, is said to have one of four basic structures: a
simple list, a combined list, an intersected list, or a nested list. Together, these four
types of documents make up what they have called matrix documents, or noncontinuous
texts with clearly defined rows and columns. They are also closely related to other
noncontinuous texts that these authors refer to as graphic, locative, and entry documents.?

1.

Matrix Documents. This set of noncontinuous text consists of four types
of increasingly complex documents that have simple lists as their basic
unit. A simple list consists of a label and two or more items, where the
label serves as the organizing category and the items all share at least one
feature with the other items in the list. Next are combined lists, which
consist of two or more simple lists. One list in a combined list is always
primary and, as such, is ordered to facilitate looking up information
within the list and locating parallel information within the other lists.
Intersected lists are the third type of matrix document and comprise
exactly three lists. Two of the lists form a row and column defining the
cells of the third or intersected list. The fourth and most complex type of
matrix document is the nested list. In order to economize on space, as
well as to display comparative information, designers sometimes combine
two or more intersecting lists to form a nested list. In a nested list, one
type of information will be repeated in each of the intersecting lists. The
intersecting list of unemployment rates, for example, may have separate
entries under each month for males and females; in this case, gender
would be nested under month.

Graphic Documents. A major function of graphic documents is to provide
a succinct visual summary of quantitative information. Included in this
group of documents or noncontinuous texts are pie charts, bar charts, and
line graphs. While these appear to be very different types of documents
on the surface, they all derive or can be transformed into either a
combined, intersecting, or nested list.

Locative Documents. Like graphic documents, locative documents or maps
portray information visually. Unlike graphic documents that display
quantitative information, maps either portray the location of persons,
places, or things in space, or depict characteristics of different geographic
regions (e.g., types of vegetation or characteristics of a population).

Entry Documents. In matrix and graphic documents, the author provides
the information that must be read and used. In contrast, entry
documents or forms require the reader to provide information that can
range from very simple to complex. For example, the reader may be asked
to simply check a box; write a single word, number, or phrase; or
construct a series of phrases or sentences. Generally speaking, forms
provide the reader with a label or category for which the reader is asked to
provide specifics.
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5. Combination Documents. It is important to keep in mind that some
displays, especially graphic documents, rely on the use of other
documents for their interpretation. Maps and graphs, for instance, often
include legends that display important information that must be read and
understood. In addition, designers sometimes include more than one
document for display or comparative purposes.

Processes/Strategies

This task characteristic refers to the way in which examinees process text to respond
correctly to a question or directive. It includes the processes used to relate information
in the question (the given information) to the necessary information in the text (the
new information), as well as the processes needed to either identify or construct the
correct response from the information available. Three variables in the reading/literacy
research used to investigate tasks from national and international surveys will be considered
here. These are: type of match, type of information requested, and plausibility of
distracting information. They are briefly described here. They are characterized through
a discussion of exemplary tasks in the next section and fully operationalized in the
appendix at the end of this paper.

Type of match

Four types of matching strategies were identified: locating, cycling, integrating, and
generating. Locating tasks require examinees to match one or more features of
information stated in the question to either identical or synonymous information provided
in the text. Cycling tasks also require examinees to match one or more features of
information, but unlike locating tasks, they require respondents to engage in a series of
feature matches to satisfy conditions stated in the question. Integrating tasks require
examinees to pull together two or more pieces of information from the text according to
some type of specified relationship. For example, this relationship might call for
examinees to identify similarities (i.e., make a comparison), differences (i.e., contrast),
degree (i.e., smaller or larger), or cause-and-effect relationships. This information may
be located within a single paragraph or it may appear in different paragraphs or sections
of the text. In integrating information, examinees draw upon information categories
provided in a question to locate the corresponding information in the text. They then
relate the text information associated with these different categories based upon the
relationship term specified in the question. In some cases, however, examinees must
generate these categories and/or relationships before integrating the information stated
in the text.

In addition to requiring examinees to apply one of these four strategies, the type
of match between a question and the text is influenced by several other processing
conditions that contribute to a task’s overall difficulty. The first of these is the number
of phrases that must be used in the search. Task difficulty increases with the amount of
information in the question for which the examinee must search in the text. For instance,
questions that consist of only one independent clause tend to be easier, on average, than
those that contain several independent or dependent clauses. Difficulty also increases
with the number of responses that examinees are asked to provide. Questions that
request a single answer are easier than those that require three or more answers. Further,
questions that specify the number of responses tend to be easier than those that do not.
For example, a question that states, “List the three reasons . . .” would be easier than one
that said, “List the reasons . . .” Tasks are also influenced by the degree to which examinees
have to make inferences to match the given information in a question to corresponding
information in the text, and to identify the requested information. An additive scoring
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model defining type of match for prose and document literacy tasks is provided in
Appendix A.

Type of information requested

This refers to the kinds of information that readers identify to answer a test question
successfully. The more concrete the requested information, the easier the task is judged
to be. In previous research based on large-scale assessments of adults’ and children’s
literacy (Kirsch, Jungeblut, and Mosenthal, 1998; Kirsch and Mosenthal, 1994), the
type of information variable was scored on a 5-point scale. A score of 1 represented
information that was the most concrete and therefore the easiest to process, while a
score of 5 represented information that was the most abstract and therefore the most
difficult to process. For instance, questions that asked examinees to identify a person,
animal, or thing (i.e., imaginable nouns) were said to request highly concrete information
and were assigned a value of 1. Questions asking respondents to identify goals, conditions,
or purposes were said to request more abstract types of information. Such tasks were
judged to be more difficult and received a value of 3. Questions that required examinees
to identify an “equivalent” were judged to be the most abstract and were assigned a
value of 5. In such cases, the equivalent tended to be an unfamiliar term or phrase for
which respondents had to infer a definition or interpretation from the text.

Plausibility of distractors

This concerns the extent to which information in the text shares one or more features
with the information requested in the question but does not fully satisfy what has been
requested. Tasks are judged to be easiest when no distractor information is present in
the text. They tend to become more difficult as the number of distractors increases, as
the distractors share more features with the correct response, and as the distractors
appear in closer proximity to the correct response. For instance, tasks tend to be judged
more difficult when one or more distractors meet some but not all of the conditions
specified in the question and appear in a paragraph or section of text other than the one
containing the correct answer. Tasks are judged to be most difficult when two or more
distractors share most of the features with the correct response and appear in the same
paragraph or node of information as the correct response.

At first glance, the skills involved in performing guantitative tasks might appear
to be fundamentally different from those involved in processing prose and document
tasks. An analysis of tasks along this scale shows, however, that processing printed
information plays an important role in affecting the difficulty of quantitative tasks. In
general, it appears that many individuals can perform single arithmetic operations using
printed materials when both the numbers and operations are made explicit. Yet, when
the numbers for these same operations must be extracted from materials that contain
similar but irrelevant information, or when the operations must be inferred, the tasks
become increasingly difficult.

As with the prose and document tasks, quantitative tasks require individuals to
match information in a question or directive with information stated in one or more
texts where a text could be either continuous or noncontinuous. In addition, quantitative
tasks may require respondents to deal with plausible distractors when extracting
information for an arithmetic operation. Individuals are also required to process some
type of information. While type of information varies for the prose and document
tasks, requested information is always an amount in quantitative tasks. Thus, the process
variables for quantitative tasks are type of match and plausibility of distractors—Ilike
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those defined for prose and document literacy—plus two additional variables that are
unique to this scale. These are type of calculation and operation specificity. These two
variables are briefly described here. They are more fully characterized through a discussion
of exemplary tasks and fully operationalized in Appendix A.

Type of calculation

This variable includes both the type of arithmetic operation (addition, subtraction,
multiplication, or division) required and whether that operation must be performed
alone or in combination. Tasks involving multiplication and division tend to be more
difficult than those requiring addition and subtraction, and tasks requiring two or
more operations tend to be more difficult than tasks requiring only a singe operation.
Codes for this variable ranged from 1 (easiest) to 5 (most difficult).

Operation specificity

This variable refers to the process of identifying and sometimes entering numbers into
an arithmetic expression, including determining the appropriate operation to be
performed. Tasks tend to be more difficult when the numbers that must be identified
appear in a text and are neither in column format nor adjacent to each other. Tasks also
tend to become more difficult when the operation(s) is not specified and when the
wording in the question or directive does not contain an explicit semantic relationship
statement such as “how many” or “calculate the difference.” The codes for operation
specificity ranged from 1 (easiest) to 9 (most difficult) based on a set of additive rules
reflecting the various facets described here and fully operationalized in Appendix A.

In previous surveys, the goal has been to develop pools of prose, document, and
quantitative tasks that represent the range of contexts, texts, and processes outlined
here, with no specific requirement for particular numbers of any type of task. The goal
was to draw materials from a wide variety of adult contexts that represented a wide
range of linguistic structures such as those outlined in this paper. With respect to
continuous or prose texts, the focus has been on expository texts since much of what
adults read for work and in their community is associated with this type of discourse.
However, some surveys did include narratives and poetry in small numbers. In terms of
processes/strategies, the goal was to engage adults in the full range of processes that
might reasonably be associated with each type of material. That is, the goal was to use
the framework to construct questions/directives that were thought to be authentic to
the kinds of information someone might want to understand or use from a particular
text.

Validating the variables

In a previous section, three task characteristics labeled context, texts, and process/strategy
were introduced. It was followed by a section in which each task characteristic was
operationalized into a number of variables. This part of the framework describes a
procedure for validating the set of variables developed from these characteristics that
have been shown to affect task performance and the placement of tasks along each of
the reporting scales. This process borrows heavily from work that has been done in the
area of adult literacy where several national and international surveys have reported data
that followed this approach:

e The US Department of Labor’s Literacy Assessment (Kirsch and
Jungeblut, 1992)
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. The International Association for the Evaluation of Educational
Achievement (IEA) Reading Literacy Study (Kirsch and Mosenthal
1994)

e The National Adult Literacy Survey (Kirsch et al., 1993)

Reading tasks for these surveys were developed to represent a broad range of
purposes for which students and adults read continuous and noncontinuous texts in
both school and nonschool settings. To identify the variables contributing to task
difficulty in each of the literacy domains, Kirsch and Mosenthal (Kirsch et al., 1998;
Kirsch and Mosenthal, 1990) began by modeling the processes required to complete
prose, document, and quantitative tasks in the literacy assessments. This model is shown
in Figure 1 and grew out of earlier exploratory work (Fisher, 1981; Guthrie, 1988;
Kirsch and Guthrie, 1984b).

In the first step, readers identify a goal or purpose for searching and processing a
text or document. In a test or an instructional situation, questions and directives
determine the primary purpose for interacting with a text or document, and therefore
also determine the information that readers must process in order to complete a cognitive
activity. In open-ended tasks, the reader’s goal is to identify information in the text that
meets the conditions set forth in the question or directive. In multiple-choice tasks, the
reader’s goal is to identify information in the text that meets the conditions set forth in
the question or directive and then to select the best choice from a list of options (Kirsch
and Mosenthal, 1994).

Figure 1
A model of prose and document processing in reading

Stage 1
Identify a goal. A
Stage 2 Recycle

Identify the given and requested information. %

Stage 3 Recycle

Search the target document or text to If not
match on given information which corresponds |——————p
to information in the question.

Stage 4 Recycle

Complete the requested information frame

with appropriate information from the %
document or text.

Stage 5 Recycle

Verify the sufficiency of the identified If not
information in terms of the requested information. —————p
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In the second step, readers must distinguish between “given” and “requested”
information in the question (Clark and Haviland, 1977; Mosenthal and Kirsch, 1991).
Given information is presumed to be true, and it conditions the requested information.
Requested information, on the other hand, is the specific information being sought.

In the third step, readers must search and read (or read and search) a text or
document to identify the necessary information that corresponds with information
provided in the question and, in the case of multiple-choice items, in the list of choices.
In carrying out this search, several matches may be tried before one or more adequate
matches are achieved. If a literal or synonymous match is made between requested or
given information and corresponding text or document information, readers may proceed
to the next step. If such a match is not deemed adequate, readers may choose to make
a match based on a low- or high-level text-based inference or on prior knowledge; or
readers may recycle to the first step.

This test-taking model of reading can be applied to multiple-choice as well as
open-ended tasks. Based on this model, Kirsch and Mosenthal identified three variables
as being among the best predictors of task difficulty for the prose and document scales.
Two additional variables were constructed for the quantitative scales. These variables
(type of requested information, type of match, plausibility of distractors, type of
calculation, and operation specificity) were described in the previous section and are
elaborated in Appendix A.

In order to understand how these variables interact with one another to affect the
difficulty of items developed for the IALS, each literacy scale will be characterized in
terms of several exemplary tasks. Next, these variables will be evaluated in terms of their
contribution toward explaining the placement of literacy tasks along their respective
scales.

Characterizing prose literacy tasks

There are 34 tasks ordered along the IALS 500-point prose literacy scale. These tasks
range in difficulty value from 188 to 377. The easiest task (receiving a difficulty value
of 188) directs the reader to look at a medicine label to determine the “maximum
number of days you should take this medicine.” In terms of our process variables, type
of match (TOM) was scored a 1 because the reader was required to locate a single piece
of information that was literally stated in the medicine label. The label contained only
one reference to number of days and this information was located under the label
dosage. Type of information (TOI) was scored a 2 because it asked for a number of
days, and plausibility of distractor (POD) received a 1 because there is no other reference
to days in the medicine label.
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MEDCO ASPIRIN 500

INDICATIONS: Headaches, muscle pains, rheumatic pains, toothaches,
earaches. RELIEVES COMMON COLD SYMPTOMS.

DOSAGE: ORAL. 1 or 2 tablets every 6 hours, preferably accompanied
by food, for not longer than 7 days. Store in a cool, dry place.

CAUTION: Do not use for gastritis or peptic ulcer. Do not use if taking
anticoagulant drugs. Do not use for serious liver illness or bronchial
asthma. If taken in large doses and for an extended period, may cause
harm to kidneys. Before using this medication for chicken pox or
influenza in children, consult with a doctor about Reyes Syndrome, a
rare but serious illness. During lactation and pregnancy, consult with
a doctor before using this product, especially in the last trimester of
pregnancy. If symptoms persist, or in case of an accidental overdose,
consult a doctor. Keep out of reach of children.

INGREDIENTS: Each tablet contains
500 mg acetylsalicicylic acid. 0
Excipient c.b.p. 1 tablet.
Reg. No. 88246
67736"11079

Made in Canada by STERLING PRODUCTS, INC.
1600 Industrial Blvd., Montreal, Quebec H9J 3P1

Reprinted by permission

A second prose literacy task directs the reader to look at an article about impatiens.
One task receiving a difficulty value of 230 asks the reader: “What happens when the
impatiens plant is exposed to temperatures of 14 degrees C or below?” There is a sentence
in the text under the section “General Care” that states, “When the plant is exposed to
temperatures of 12-14°C, it loses its leaves and won't bloom anymore.” Like the “Medco”
task, this task received a score of 1 for type of match because the reader only needed to
make a synonymous match. Unlike the previous task, however, this task received higher
scores for type of information and for plausibility of distractor. Type of information
was scored 4 because the reader was asked to identify an outcome that occurs when the
plant is exposed to certain temperatures. Plausibility of distractor was scored 2 because
other numbers are presented in the text and because the previous sentence contains
information about the requirements of the plant at other temperatures.

A similar task involving the same text asks the reader to identify “what the smooth
leaf and stem suggest about the plant.” This task received a difficulty value of 254.
Again, the task directed the reader to locate information contained in the text so it was
scored 1 for type of match. The last sentence in the second paragraph under the heading
Appearance states: “The smooth leaf surfaces and the stems indicate a great need of
water.” Type of information was scored a 3 because it directs the reader to identify a
condition. Plausibility of distractor was scored a 3 because the same paragraph contained
a sentence that serves to distract a number of readers. This sentence states, “... stems are
branched and very juicy, which means, because of the tropical origin, that the plant is
sensitive to cold.”
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IMPATIENS

Like many other cultured plants, impatiens plants have a long
history behind them. One of the older varieties was sure to be
found on grandmother’s windowsill. Nowadays, the hybrids are
used in many ways in the house and garden.

Origin: The ancestors of the
impatiens, Impatiens sultani and
Impatiens holstii, are probably still
to be found in the mountain forests
of tropical East Africa and on the
islands off the coast, mainly Zanzi-
bar. The cultivated European plant
received the name Impatiens
walleriana.

Appearance: It is a herbaceous
bushy plant with a height of 30to 40
cm. The thick, fleshy stems are
branched and very juicy, which
means, because of the tropical
origin, that the plant is sensitive to
cold. The light green or white speck-
led leaves are pointed, elliptical,
and slightly indented onthe edges.
The smooth leaf surfaces and the
stems indicate a great need of wa-
ter.

Bloom: The flowers, which come
in all shades of red, appear plenti-

fully all year long, except for the
darkest months. They grow from
“suckers” (in the stem’s “armpit”).
Assortment: Some are compact
and low-growing types, about 20to
25 cm. high, suitable for growing in
pots. A variety of hybrids can be
grown in pots, window boxes, or
flower beds. Older varieties with
taller stems add dramatic colour to
flower beds.

General care: Insummer,aplace
in the shade without direct sunlight
is best; in fall and spring, half-
shade is best. When placed in a
bright spot during winter, the plant
requires temperatures of at least
20°C; in a darker spot, a tempera-
ture of 15°C will do. When the plant
is exposed to temperatures of
12-14°C, it loses its leaves and
won’'tbloomanymore. Inwetground,
the stems will rot.

Watering: Thewarmerand lighter
the plant's location, the more
water it needs. Always use water
without a lot of minerals. It is not
known for sure whether or not the
plant needs humid air. In any case,
do not spray water directly onto the
leaves, which causes stains.
Feeding: Feed weekly during the
growing period from March to
September.

Repotting: If necessary, repot in
the spring or in the summer in light
soil with humus (prepacked
potting soil). Itis better to throw the
old plants away and start cultivat-
ing new ones.

Propagating: Slip or use seeds.
Seeds will germinate in ten days.
Diseases: In summer, too much
sun makes the plant woody. If the
air is too dry, small white flies or
aphids may appear.

Tasks that fall at higher levels along the scale present the reader with more varied

demands in terms of the type of match that is required and in terms of the number and
nature of distractors that are present in the text. One such task (with a difficulty value
of 281) refers the reader to a page from a bicycle’s owner’s manual to determine how to
ensure the seat is in the proper position. Type of information was scored a 3 because the
reader needed to identify and state in writing two conditions that needed to be met. In
addition, they were not told how many features they needed to provide from among
those stated. Type of information was also scored a 3 because it involved identifying a
condition, and plausibility of distractor received a score of 2.
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NOT LESS THAN 2cm |
1 |

NOTE: Measurement for afemale should be determined using amen’s model as abasis.

PROPER FRAME FIT

RIDER MUST BE ABLE TO STRADDLE BICYCLE WITH AT
LEAST 2 cm CLEARANCE ABOVE THE HORIZONTAL BAR
WHEN STANDING.

OWNER’S RESPONSIBILITY

| PROPERSIZEOFBICYCLE |

1. Bicycle Selection and Purchase: Make sure this bicycle fits

the intended rider. Bicycles come in a variety of sizes. Personal

FRAME SizE |LEG LENGTH adjustment of seat and handlebars is necessary to assure maxi-

OF RIDER mum safety and comfort. Bicycles come with a wide variety of

430mm 660mm-760mm equipment and accessories . . . make sure the rider can operate
460mm 690mm-790mm them.

430mm 710mm-790mm
530mm 760mm-840mm
560mm 790mm-860mm
580mm 810mm-890mm

635mm | 860mm-940mm lowest position the rider's knee is slightly bent.

2. Assembly: Carefully follow all assembly instructions. Make
sure that all nuts, bolts and screws are securely tightened.

3. Fitting the Bicycle: To ride safely and comfortably, the
bicycle must fit the rider. Check the seat position, adjusting it up
or down so that with the sole of rider’s foot on the pedal in its

Note: Specific charts illustrated at left detail the proper method of
deter-mining the correct frame size.

The manufacturer is not responsible for failure, injury, or
damage caused by improper completion of assembly or improper
maintenance after shipment.
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A somewhat more difficult task (with a difficulty value of 318) involves an article
about cotton diapers and directs the reader to “list three reasons why the author prefers
to use disposable rather than cotton diapers.” This task is made more difficult because
of several of our process variables. First, type of match was scored a 5 because the reader
had to provide multiple responses, each of which required a text-based inference. Nowhere
in the text does the author say, “I prefer cotton diapers because ...” These inferences are
made somewhat more difficult because the type of information being requested is a
“reason” rather than something more concrete. This variable received a score of 4. Finally,
plausibility of distractor was scored a 3 because the text contains information that may
serve to distract the reader.

An additional task falling at an even higher place along the prose literacy scale
(338) directs the reader to use the information from a pamphlet about hiring interviews
to “write in your own words one difference between the panel and the group interview.”
Here the difficulty does not come from locating information in the text. Rather than
merely locating a fact about each type of interview, readers need to integrate what they
have read to infer a characteristic on which the two types of interviews differ. Experience
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from other surveys of this kind reveal that tasks in which readers are asked to contrast
information are more difficult, on average, than tasks in which they are asked to find
similarities. Thus, type of match was scored 6. Type of information was scored 5 because
it directs the reader to provide a difference. Differences tend to be more abstract in that
they ask for the identification of distinctive or contrastive features related, in this case,
to an interview process. Plausibility of distractor was scored 1 because no distracting
information was present in the text. Thus, this variable was not seen as contributing to
the overall difficulty of this task.

The Hiring Interview

Preinterview

Try to learn more about the business. What products does it
manufacture or services does it provide? What methods or
procedures does it use? This information can be found in trade
directories, chamber of commerce or industrial directories, or
at your local employment office.

Find out more about the position. Would you replace someone
or is the position newly created? In which departments or shops
would you work? Collective agreements describing various
standardized positions and duties are available at most local
employment offices. You can also contact the appropriate trade
union.

The Interview

Ask questions about the position and the business. Answer
clearly and accurately all questions put to you. Bring along a
note pad as well as your work and training documents.

The Most Common Types of Interview

One-on-one: Self explanatory.

Panel: A number of people ask you questions and then
compare notes on your application.

Group: After hearing a presentation with other applicants
on the position and duties, you take partin a group discussion.

Postinterview

Note the key points discussed. Compare questions that
caused you difficulty with those that allowed you to highlight
your strong points. Such a review will help you prepare for future
interviews. If you wish, you can talk about it with the placement
officer or career counsellor at your local employment office.
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Centre on Internal and External Mobility

What isCIEM?

CIEM standsfor Centre on Internal and
External Mobility, aninitiative of the personnel
department. A number of workers of this
department work in CIEM, together with
membersfrom other departmentsand outside
career consultants.

CIEM is available to help employees in their search for another job inside or

outside the Canco Manufacturing Company.

What does CIEM do?

CIEM supports employeeswho are seriously
considering other work through the following
activities.

* Job Data Bank

After aninterview with the employee,
information isentered into adata bank that
tracksjob seekers and job openings at Canco
and at other manufacturing companies.

» Guidance

Theemployee'spotential isexplored through
career counselling discussions.

* Courses

Coursesare being organized (in collaboration
with the department for information and
training) that will deal with job search and
career planning.

» Career Change Projects

CIEM supports and coordinates projectsto help
employees prepare for new careers and new
perspectives.

* Mediation

CIEM actsasamediator for employeeswho are
threatened with dismissal resulting from
reorganization, and assistswith finding new
positionswhen necessary.

CANCO Manufacturing Company
Personnel Department

How much does CIEM cost?

Payment isdetermined in consultation with the
department where you work. A number of
services of CIEM arefree. You may aso be
asked to pay, either in money or intime.

How does CIEM work?

CIEM assists employeeswho are seriously
considering another job within or outside the
company.

That process begins by submitting an
application. A discussion with apersonnel
counsellor can also beuseful. Itisobviousthat
you should talk with the counsellor first about
your wishesand theinternal possibilities
regarding your career. The counsellor isfamiliar
with your abilitiesand with developments
within your unit.

Contact with CIEM in any caseis made viathe
personnel counsellor. He or she handlesthe
application for you, after which you areinvited
to adiscussion with aCIEM representative.

For moreinformation

The personnel department can give you more
information.
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The most difficult task on the prose literacy scale (377) requires readers to look at
an announcement from a personnel department and to “list two ways in which CIEM
(an employee support initiative within a company) helps people who lose their jobs
because of departmental reorganization.” Type of match was scored 7 because the question
contained multiple phrases that the reader needed to keep in mind when reading the
text. In addition, readers had to provide multiple responses and make low text-based
inferences. Type of information was scored 3 because readers were looking for a purpose
or function, and plausibility of distractor was scored a 4. This task is made somewhat
more difficult because the announcement is organized around information that is
different from what is being requested in the question. Thus, while the correct
information is listed under a single heading, this information is embedded under a list
of headings describing CIEM’s activities for employees looking for other work. Thus,
the list of headings in this text serves as an excellent set of distractors for the reader who
does not search for or locate the phrase in the question containing the conditional
information—those who lose their jobs because of a departmental reorganization.

Evaluating the contribution of the variables to task difficulty

The Item Response Theory (IRT) scaling procedures that were used in the IALS
constitute a statistical solution to the challenge of establishing one or more scales for a
set of tasks with an ordering of difficulty that is essentially the same for everyone. Each
scale can be characterized in terms of how tasks are ordered along it. The scale point
assigned to each task is the point at which individuals with that proficiency score have
a given probability of responding correctly. In 1ALS, a response probability of 80%
(RP80) was used. This means that individuals estimated to have a particular scale score
are expected to perform tasks at that point on the scale correctly with an 80% probability.
It also means they will have a greater than 80% chance of performing tasks that are
lower on the scale. It does not mean, however, that individuals with given proficiencies
can never succeed at tasks with higher difficulty values; they may do so some of the
time. It does suggest that their probability of success is “relatively” low—that is, the
more difficult the task relative to their proficiency, the lower the likelihood of a correct
response.

An analogy might help clarify this point. The relationship between task difficulty
and individual proficiency is much like the high jump event in track and field, in which
an athlete tries to jump over a bar that is placed at increasing heights. Each high jumper
has a height at which he or she is proficient—that is, the jumper can clear the bar at
that height with a high probability of success, and can clear the bar at lower heights
almost every time. When the bar is higher than the athlete’s level of proficiency, however,
it is expected that the athlete will be unable to clear the bar consistently.

Once the literacy tasks are placed along each of the scales using the criterion of
80% (RP80), it is possible to see to what extent the variables associated with task
characteristics explain the placement of tasks along the scales. A multiple regression was
run using RP80 as the dependent variable.® The independent variables were the three
process variables (TOM, TOI, and POD) used to characterize the prose tasks, plus a
traditional measure of readability* (READ). The results are shown here in Table 1.

Table 1 shows the zero order correlation of each predictor variable with RP80
along with the results of the regression analysis. These data reveal that type of match
had the largest zero order correlation with RP80 (.89) and received the largest
standardized regression weight, followed by plausibility of distractor and type of
information. Together these variables, along with readability, accounted for 89% of the
variance in predicting RP80 values.
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Table 1

Standardized beta and T-ratios representing the regression of readability and
process variables against RP80 values on prose tasks, along with their zero order
correlation

Variable Beta coef. T- ratio Significance Corr. w/ RP80
TOM 74 10.0 .00 .89
TOl .16 2.3 .03 .55
POD .20 2.8 .01 .54
READ A1 1.8 .09 .28

Multiple R = .94
Adjusted R?= .87

Easy tasks on the prose literacy scale tended to require readers to make a literal
match on the basis of a single piece of concrete information where few, if any, distractors
were present in the text. Tasks further along the prose scale become somewhat more
varied. While some may still require a single feature match, more distracting information
may be present in the text or the match may require a low text-based inference. Some
tasks may require the reader to cycle through information to arrive at a correct response.
Tasks that are more difficult can take on a variety of characteristics. They may still
require the reader to make a match, but usually the reader has to match on multiple
features or take conditional information into account. Tasks may also require the reader
to integrate information from within a text or to provide multiple responses. The most
difficult tasks typically require the reader to make higher-level inferences, process
conditional information, and deal with highly plausible distracting information.

Characterizing document literacy tasks

There are 34 tasks ordered along the IALS 500-point document literacy scale. These
tasks range in difficulty value from 182 to 408. One document literacy task with a
difficulty value of 188 directs the reader to identify from a chart the percentage of
teachers from Greece who are women. The chart shown here displays the percentage of
teachers from various countries who are women. In terms of our process variables, type
of match (TOM) was scored a 1 because the reader was required to locate a single piece
of information that was literally stated in the chart; type of information (TOI) received
a 2 because it was an amount; and plausibility of distractor (POD) is also scored a 2
because there are distractors for the requested information.

A second document task involving this same chart directs the reader to identify
the country other than the Netherlands in which women teachers are in the minority.
This item received a difficulty value of 234. This task was made a bit more difficult
than the first because rather than searching on a country and locating a percentage, the
readers had to know that minority means less than 50%. Then they had to cycle through
to identify the countries in which the percentage of women teachers was less then 50%.
In addition, they had to remember the condition “other than the Netherlands”;
otherwise, they might have chosen it over the correct response. As a result, type of
match was scored a 3; type of information was scored a 1 because the requested
information is a country or place; and plausibility of distractor was given a 2 because
there are distractors associated with the requested information.
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FEW DUTCH WOMEN AT THE BLACKBOARD

There is alow percentage of women teachers in the Netherlands compared to
other countries. In most of the other countries, the mgjority of teachers are
women. However, if we include the figures for inspectors and school
principals, the proportion shrinks considerably and women are in a minority
everywhere.

Luxem- Italy France Ireland United Spain Belgium Greece Den- Nether-
bourg Kingdom mark lands

Percentage of women teachers (kindergarten, elementary, and secondary).

Another task receiving a difficulty value of 242 is very similar to the one discussed
above. This item directs the readers to look at two charts involving fireworks in the
Netherlands and to identify the year in which fireworks injured the fewest people. This
task also was rated a 3 for type of match because the readers had to first identify which
of the two charts contained the requested information. Then they had to cycle through
the points of the graph to locate which point represented the fewest injuries. Using this
point, they then had to identify the correct year. Type of information received a score of
2 since the requested information was time, and plausibility of distractor received a
score of 2 because there were other years the reader could have selected.

A somewhat more difficult task (with a difficulty value of 295) involving the
fireworks charts directs the reader to write a brief description of the relationship between
sales and injuries based on the information shown. Here the reader needs to look at and
compare the information contained in the two charts and integrate this information,
making an inference regarding the relationship between the two sets of information. As
a result, it was scored a 5 for type of match. Type of information received a 4 because
the requested information is asking for a pattern or similarity in the data. Plausibility of
distractor was scored 3, primarily because both given and requested information is
present in the task. For example, one of the things that may have contributed to the
difficulty of this task is the fact that the sales graph goes from 1986 to 1992, while the
injuries graph goes from 1983 to 1990. The reader should have compared the information
from the two charts for the comparable period of time.
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Another set of tasks covering a range of difficulty on the document scale involved
a rather complicated document taken from a page in a consumer magazine rating clock
radios. The easiest of the three tasks, receiving a difficulty value of 287, asks the reader:
“Which two features are not on any basic clock radio?” In looking at the document, the
reader has to cycle through the document to find the listing for basic clock radios and
then determine that a dash represents the absence of a feature. The reader then has to
locate the two features indicated by the set of dashes. As a result, type of match received
a score of 4 because it is a cycle requiring multiple responses with a condition or low
text-based inference. Type of information was scored a 2 because its features are attributes
of the clock radio, and plausibility of distractor is a 2 because there are some characteristics
that are not associated with other clock radios.

A somewhat more difficult task associated with this document received a difficulty
value of 327 and asks the reader: “Which full-featured clock radio is rated highest on
performance?” Here, the reader must make a three-feature match (full-featured,
performance, and highest), where one of the features requires the reader to process
conditional information. It is possible, for example, that some readers were able to find
the full-featured clock radios and the column listed under performance but selected the
first clock radio listed, assuming it was the one rated highest. In this case, they did not
understand the conditional information, which is a legend stating what the symbols
mean. Others may have gone to the column labeled “Overall Score” and found the
highest numerical number and chosen the clock radio associated with it. For these
reasons, type of match received a score of 4 and plausibility of distractor was scored a 3.
Type of information received a 1 because the requested information is a thing.

The most difficult task associated with this document (with a difficulty value of
408) asks the reader to identify the average advertised price for the basic clock radio
receiving the highest overall score. This task was made more difficult because the reader
had to match four rather than three features; the reader also had to process conditional
information, and there was a highly plausible distractor in the same node as the correct
answer. As a result of these factors, type of match received a score of 5, type of
information a score of 2, and plausibility of distractor a score of 5.
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RATINGS

0O & O e ©

&

Better 4 P Worse

Clock radios

Listed by types; within types, listed in order
of overall score. Differences in score of 4
points or less were not deemed significant.

Brand and model. If you can’t find a model,
callthe company. Phone numbersare listed on page
736.

Price. The manufacturer's suggested or
approximate retail price, followed by the average
advertised price.

Dimensions. To the nearest centimetre.

Overall score. A composite, encompass-
ing all our tests and judgments. A “perfect” radio
would have earned 100 points.

Convenience. This composite judgment
reflects such things as the legibility of the
display, the ease of tuning the radio and
setting the alarm, and the presence or
absence of useful features.

B rerformance. An overall judgment
reflecting performance in our tests of: sensi-
tivity and selectivity; tuning ease; capture
ratio, the ability to bring in the stronger of two stations
on the same frequency; image re-

jection, the ability to ignore signals from just
above the band, resistance to interference
from signals bouncing off aircraft and such.

Sensitivity. How well each radio received
a station with little interference.

E Selectivity. Howwell eachradio received clearly
a weak station next to a strong one on
the dial.

Tone quality. Based mainly on computer
analysis of the speaker’s output and on
listening tests, using music from CDs. No
model produced high-fidelity sound.

W reversible time-setting. This useful
feature makes setting clock and alarm times
easy. If you overshoot the desired setting,
you simply back up.

U89 Dual alarm. Lets you set two separate
wake-up times.

Q
Brand and model H B u
Full-featured clock radios
RCA RP-3690 $50/$40 8x25x18 86 @ ® ® & © v v 12 ABDHJLOTU A
Sony ICF-C303 50/45 5x20x15 84 @ ®™ @ (O @ VY Vv 12 CEFINT c
Panasonic RC-X220 50/45 10x28x1382 @ @ M M () v Vv 12 AGKMOSTU bc A
Realistic 272 50/30 5x28x15 79 @™ () & & o v Vv 3 AGHKOT D
Magnavox AJ3900 65/— 15x38x1378 O ©@ ®» @ ® _ v 3 DGKMORT b,g B
Emerson AK2745 39/20 8x28x15 70 O @ @ @ O Vv Vv 3 GO0 g K
Soundesign 3753 2020 8x23x13 62 O @ @ O O v Vv 3130 dh J
Basic clock radios
Realistic 263 28/18 10x20x1074 () @™ & O & _— — 3 ADH0OPU h —
Soundesign 3622 12/10 5x20x13 68 @ ™ O @ @ — — 3 U d L
Panasonic RC-6064 18/15 5x20x13 67 @ ®™ @ O O — —12 — bc —
General Electric 7-4612 13/10 5x20x13 66 @ O ©@ @ O — —12 AD ag —
Lloyds CROO1 20/15 5x18x13 64 @ O @ O @ — — 3 U - -
Sony ICF-C240 15/13 5x18x15 63 @ O O O O — —12 — fg —
Emerson AK2720 19/10 5x20x13 61 @ O ® @ O — — 307 e K
Gran Prix D507 15/10 5x18x10 54 @ @® O @ @®@ — — 3 — d —
Clock radios with cassette player
General Electric 7-4965 60/50 10x30x1585 @& @ @& @& @& v v 12 ADGHKOST — BE
Panasonic RC-X250 10x33x1376 @ @& () @ M v v 12 AGKOR\U bc AH
Sony ICF-CS650 75/65 15x28x1574 (O ®™ @ O @ VY Y 12 GRTU chi AFH
Soundesign 3844MGY 40/30 13x30x1362 O @ @ @ @ — — 3 GKJSU F.G,IM

Discontinued. Replaced by RC-X260, $79 list and $60 average advertised sale price.

Features in Common
All:+ Permit snooze time of about 8 min. « Retain time
settings during short power failures.

Except as noted, all have: + Battery backup for clock and
alarm memory.« Red display digits 1 cm. high.« Sleep-time

radio play for up to 60 min. before
automatic shutoff. » Switch to reset alarm.

KeystoAdvantages
A —Alarm works despite power failure.
B —Shows actual time plus upto 2 alarmtimes.
C —Twin alarms settable for 2 different stations.
D —Tone alarm has adjustable volume control.
E —Memoryneeds nobattery.
F - Digital tuner with presettable stations.
G —Tuner canreceive in stereo.
H — Battery-strengthindicator.
| = llluminated tuning dial.
J = llluminated tuning pointer.
K —Earphone jack.

L —Naptimer.

M — Audio input for tape deck or CD player.
N - Display can show date and time.

O - Display has high/low brightness switch.
P - Display has larger digits than most.

Q —Nightlight—adjusts for room light.

R —Bass-boost tone control.

S —Treble-cuttone control.

T —Better than mostin tuning ease.

U —Better than most inimage rejection.

Key to Disadvantages

a —Possible to reset time by accident.

b - Controls for time-setting or dimmer inconveniently
located on radio’s bottom or rear.

¢ —Display dimmer than most in brightly lit room.

d — Radiovolume must be tumed completely down foralarm
buzzer to sound.

e —Lacksalarm buzzer; radio is sole alarm.

f —Lacksindication alarmis set.

g —Lacksalarm-resetbutton.
h —Time-setting lacks fast reverse.
i —No slow forward, fast reverse for time setting.

KeytoComments

A —Display shows green digits.

B - Display shows blue digits.

C —Display uses LCD (liquid crystal) digits.
D —Terminals for external antenna.

E —3-position graphic equalizer.

F - Cassette player lacks Record function.
G — Cassette player lacks Rewind function.
H —Model permits wake-up to cassette play.
| - Cassette-deck flutter worse than most.
J —Warranty repairs cost $3 for handling.

K —Warranty repairs cost $3.50 for handling.
L —Warranty repairs cost $6 for handling.
M —Warranty repairs cost $10 for handling.
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Evaluating the contribution of the variables to task difficulty

As with the prose scale, IRT was used to establish the document literacy scale as well as
to characterize tasks along it. Again, a response probability of 80% was used as an
indicator that someone at a specified point on the document literacy scale has mastered
or is proficient with tasks at that place on the scale. It does not mean that they cannot
perform tasks above their estimated proficiency; rather, they may do so, but with less
consistency. Their expected consistency on tasks above their level of proficiency depends
on how far the task is from their estimated proficiency.

Once the document literacy tasks are placed along each of the scales using the
criterion of 80% (RP80), it is possible to determine to what extent the variables associated
with the task characteristics explain the placement of tasks along the scales. A multiple
regression was run using RP80 as the dependent variable (see note number 3). The
independent variables were the three process variables (TOM, TOI, and POD) used to
characterize the prose and document literacy tasks, plus a newly developed measure of
document readability (READ) (Mosenthal and Kirsch, 1998).> The results are shown
here in Table 2.

Table 2

Standardized beta and T-ratios representing the regression of readability and
process variables against RP80 values on document tasks, along with their zero
order correlation

Variable Beta coef. T- ratio Significance Corr. w / RP80
TOM .43 3.7 .00 .85
TOI .13 1.4 16 43
POD .40 3.8 .00 71
READ 17 1.7 .09 55

Multiple R = .89
Adjusted R? = .76

Table 2 shows the zero order correlation between each of the predictor variables
and RP80, along with the results from the regression analysis. These data reveal that
each of the predictor variables is significantly correlated with RP80, yet only two process
variables received significant beta weights. It should be noted that while each of these
variables may not be significant in terms of this regression analysis, each was taken into
consideration when constructing the literacy tasks and, therefore, each is important as
to how well the domain is represented. Together the set of variables accounted for 79%
of the variance in RP80 values. Type of match received the largest standardized regression
weight, followed by plausibility of distractors.

Easy tasks on the document literacy scale tended to require readers to make a
literal match on the basis of a single piece of information. Tasks further along the
document scale become somewhat more varied. While some may still require a single
feature match, more distracting information may be present in the document or the
match may require a low text-based inference. Some tasks may require the reader to
cycle through information to arrive at a correct response. Tasks that are more difficult
can take on a variety of characteristics. They may still require the reader to make a
match, but usually the reader has to match on multiple features or take conditional
information into account. Tasks may also require the reader to integrate information
from one or more documents, or cycle through a document to provide multiple responses.
The most difficult tasks typically require the reader to match on multiple features, to
cycle through documents, and to integrate information. Frequently, these tasks require
the reader to make higher-level inferences, process conditional information, and deal
with highly plausible distractors. These tasks also tend to be associated with more complex
displays of information.

Statistics Canada — Catalogue no. 89-552-MIE, no. 13




Chapter 4: Prose literacy, document literacy and quantitative literacy: Understanding What Was Measured in IALS and ALL

Characterizing quantitative literacy tasks

There are 33 tasks ordered along the IALS 500-point quantitative literacy scale. These
tasks range in difficulty value from 225 to 409. The easiest quantitative literacy task
(with a difficulty value of 225) directs the reader to complete an order form. The last
line on this form says, “Total with Handling.” The line above it says, “Handling Charge
$2.00.” The reader simply had to add the $2.00 to the $50.00 they had entered on a
previous line to indicate the cost of the tickets. In terms of our process variables, this
item received a code of 1. The design of the form set the problem up in simple column
format for the reader and the amount for handling was stipulated, so there was little
required of them in terms of type of match (TOM) or plausibility of distractor (POD).
In addition, the last line on the form said, “Total with Handling,” indicating the type
of operation and the numbers did not require the reader to carry or borrow. As a result,
both type of calculation (TOC) and operation specificity (OSP) were each coded 1.

A second quantitative literacy task directs the reader to use a weather chart in a
newspaper to determine how many degrees warmer today’s high temperature is expected
to be in Bangkok than in Seoul. This item received a difficulty value of 255. This task
was made more difficult both in terms of the literacy processes and in terms of those
processes associated with the quantitative scale. Here the reader had to cycle through a
complex table to make two, three-feature matches to identify the two temperatures,
and then subtract one from the other to determine the difference. The numbers they
had to subtract were not adjacent to each other in the table, were not in column format,
and had to be identified through a search. As a result, operation specificity was coded a
3, type of calculation received a 2, type of match was scored a 4, and plausibility of

distractor was scored a 4.

Today Tomorrow
High Low W High Low w
(e} Cc (e} (e}

Algarve 19 7 s 21 9 s
Amsterdam 11 6 pc 12 7  pc
Ankara 17 7 pc 19 8 pc
Athens 22 15 pc 23 14 pc
Barcelona 16 8 s 14 9 s
Belgrade 14 6 pc 10 1 c
Berlin 8 2 ¢ 6 1 c
Brussels 11 6 pc 14 7  pc
Budapest 9 1 pc 9 2 c
Copenhagen 7 1 r 6 2 c
Costa del Sol 21 8 s 21 10 s
Dublin 10 6 pc 13 8 pc
Edinburgh 10 6 c 10 6 c
Florence 11 5 s 14 6 s
Frankfurt 12 6 pc 13 4 pc
Geneva 9 2 s 12 4 s
Helsinki -1 -7 sf -3 -10 pc
Istanbul 17 10 pc 15 9 sh
Las Palmas 26 18 pc 27 18 pc
Lisbon 19 9 s 19 10 s
London 12 5 pc 13 7 pc
Madrid 17 3 s 18 4 s
Milan 9 3 s 13 6 s
Moscow 1 -3 r -3 -1 sf
Munich 11 3 pc 12 6 pc
Nice 14 7 s 15 8 s
Oslo 4 -4 c 5 -2 c
Paris 12 6 pc 13 6 pc
Prague 11 1 pc 8 2 c
Reykjavik 4 2 r 6 -1 c
Rome 20 12 s 20 10 s
St. Petersburg -1 -7 sf -4 -12  pc
Stockholm 1 -5 sn -2 -7 c
Strasbourg 12 5 pc 15 7 pc
Tallinn -1 -7 sf -4 -10 pc
Venice 10 3 s 11 4 s
Vienna 9 -1 pc 10 2 c
Warsaw 8 2 sh 6 1 c
Zurich 8 0 s 9 1 pc
Auckland 20 14 s 17 11 sh
Sydney 27 17 pc 25 16 pc

WEATHER

FORECAST FOR FRIDAY THROUGH SUNDAY

o

L

Jetstream uj Col

£« Unseasonaly
d

Eg}_u. Unseasonaly 2
/ra Hot k

Today Tomorrow
High Low W High Low w
C [} C [}

Bangkok 32 22 pc 30 23 s
Beijing 11 0 s 8 2  pc
Hong Kong 30 23 s 29 22 pc
Manila 31 25 s 31 25 sh
New Delhi 31 13 s 32 16 s
Seoul 14 6 pc 14 4 pc
Shanghai 22 10 pc 24 12 s
Singapore 31 24 pc 28 23  sh
Taipei 26 21 pc 26 19 pc
Tokyo 18 9 pc 17 7 pc

North America

Cold weather will engulf the Mid-
western and Northeastern United
States Friday and over the week-
end. Although it will be cold in
Chicago, Toronto and New York
City, the weather is expected to be
dry. Los Angeles will have some
sunshine and seasonable tem-

Europe

Western and central Europe will
have a spell of mild weather Friday
into the weekend. London and
Paris will have dry weather with
some sunshine Friday into Sunday.
Rain will continue to soak south-
western Norway. Snow will blan-
ket the area from Minsk to Mos-

Heavy
afak Rain
cow.

Asia

Typhoon Elsie will probably stay to
the east of the Philippines and south
of Japan Friday and the weekend.
Some rain is apt to fall in Seoul and
there could even be a little ice or
snow. Cold air will pour into Beijing
and snow is a possibility. Hong Kong

peratures each day. will start the weekend warm.
Today Tomorrow Today Tomorrow

High Low W High Low w High Low W High Low w

C [} C [} C C (e} Cc
Beirut 28 19 pc 29 20 Buenos Aires 23 11 pc 26 13 s
Cairo 29 20 pc 28 19 pc Caracas 29 20 s 31 18 s
Damascus 24 12 s 26 14 s Lima 23 17 ¢ 23 16 c
Jerusalem 27 15 s 26 14 s Mexico City 23 11 sh 23 12 pc
Riyadh 34 13 s 32 13 s Rio de Janiero 32 22 s 28 21 sh
Santiago 24 4 s 22 6 pc

Legend: s-sunny, pc-partly cloudy, c-cloudy, sh-showers, t-thunderstorms, r-rain, sf-snow flurries, sn-snow,

i-ice, W-Weather. All maps, forecasts and data provided by Accu-Weather, Inc. © 1992

Algiers 27 14 s 26 13 s
Cape Town 20 11 sh 18 11 pc
Casablanca 20 14 c 21 11 pc
Harare 34 17 s 32 18 pc
Lagos 30 24 pc 29 24 pc
Nairobi 27 12 pc 26 13 pc
Tunis 27 17 pc 17 14  pc
Anchorage 0 -2 c 3 0 sh
Atlanta 14 4 pc 8 2  pc
Boston 15 4 ¢ 8 -1 pce
Chicago 2 -5 c -2 -8 pc
Denver 8 -3 pc 4 -6 sn
Detroit 4 -2 c 4 -5 pc
Honolulu 31 20 s 31 21 pc
Houston 15 3 pc 12 6 pc
Los Angeles 28 14 s 24 13 s
Miami 30 22 pc 29 21 pc
Minneapolis -1 -8 c 1 -7 pc
Montreal 7 -2 sf 4 -3 c
Nassau 31 22 pc 28 21 sh
New York 14 4 r 10 2  pc
Phoenix 23 11 pc 22 8 s
San Fran. 20 11 pc 21 8 s
Seattle 11 6 pc 13 7 r
Toronto 6 3 c 3 -3 c
Washington 14 6 ro11 4  pc
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A similar but slightly more difficult task (with a difficulty value of 268) requires
the reader to use the chart about women in the teaching profession that is displayed
under the document scale. This task directs the reader to calculate the percentage of
men in the teaching profession in Italy. Both this task and the one just described above
involve calculating the difference between two numbers. In the former, however, both
numbers could be located by matching on information displayed in the table of
temperatures taken from the newspaper. For the task involving male teachers in Italy,
the reader must make the inference that percentage of male teachers is equal to 100%
minus the percentage of female teachers. Thus, while type of calculation, type of match,
and plausibility of distractor each received a code of 2, operation specificity was coded
a 5, suggesting that this might be a slightly more difficult task in terms of this variable.

Tasks falling around 300 on the quantitative scale still require the reader to perform
a single arithmetic operation, but the quantities may not be as easily determined. For
example, one task, located at 293 on the quantitative scale, directs the reader to look at
the chart depicting fireworks shown earlier for documents. The question directs the
reader to calculate how many more people were injured in 1989 than in 1988. As with
the earlier tasks, this task also requires the reader to subtract the difference between two
quantities. Part of what contributes to the increased difficulty of this task is the fact
that the reader first must determine which of the two charts is the correct one to use for
this task. In addition, one of the numbers needed is not stated in the graph but must be
interpolated from the information provided along the vertical axis. As a result, type of
match was scored 4, plausibility of distractor was scored 2, type of calculation was
scored 2, and operation specificity was coded 5.

$100

Principal

Compound Interest

Compounded Annually
................................ 4% 5% 6% 7% 8% 9% 10% 12% 14% 16%
1day oo 0.011 0.014 0.016 0.019 0.022 0.025 0.027 0.033 0.038 0.044
1 week oo 0.077 0.096 0.115 0.134 0.153 0.173 0.192 0.230 0.268 0.307
B MOS ..eveeeeeeeeeeeeeeeee e, 2.50 3.00 3.50 4.00 4.50 5.00 6.00 7.00 8.00
1 year.ovcceviiiiiieeeiiins 5.00 6.00 7.00 8.00 9.00 10.00 12.00 14.00 16.00
2 years 10.25 12.36 14.49 16.64 18.81 21.00 25.44 29.96 34.56
3 years 15.76 19.10 22.50 25.97 29.50 33.10 40.49 48.15 56.09
4 YEArS ...oveeeiiiiiiieeie 16.99 21.55 26.25 31.08 36.05 41.16 46.41 57.35 68.90 81.06
5 Years....ooceeriiinneennne 21.67 27.63 33.82 40.26 46.93 53.86 61.05 76.23 92.54 110.03
6 Years......ooeeeeriiinneenns 26.53 34.01 41.85 50.07 58.69 67.71 77.16 97.38 119.50 143.64
T YEArS ...coviiveeeesiiiieeens 31.59 40.71 50.36 60.58 71.38 82.80 94.87 121.07 150.23 182.62
8 Years......cooeeeviiiineenns 36.86 47.75 59.38 71.82 85.09 99.26 114.36 147.60 185.26 227.84
9 years.... 55.13 68.95 83.85 99.90 117.19 135.79 177.31 225.19 280.30
10 years...... 62.89 79.08 96.72 115.89 136.74 159.37 210.58 270.72 341.14
12 years...... 79.59 101.22 125.22 151.82 181.27 213.84 289.60 381.79 493.60
15 yearS....cccoeeeeeiiiinnnn 80.09 107.89 139.66 175.90 217.22 264.25 317.72 447.36 613.79 826.55
20 years.....ccccccveiieeenn. 119.11 165.33 220.71 286.97 366.10 460.44 572.75 864.63 1,274.35 1,846.08
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More difficult tasks on the quantitative scale require readers to perform an
arithmetic operation where the quantities and/or the operation are not easily determined.
One such task involves a compound interest table. It directs the reader to “calculate the
total amount of money you will have if you invest $100 at a rate of 6% for 10 years.”
This task received a difficulty value of 348, in part because many respondents treated it
as a document rather than a quantitative task and simply looked up the amount of
interest that would be earned. They forgot to add it to the initial investment of $100.
Clearly, it was not the arithmetic of adding these two values together that increased
difficulty. Rather, it was locating the correct amount of interest in the table and then
knowing or inferring that it had to be added to the initial investment stated in the
directive. As a result, operation specificity received a code of 6, type of match was
scored 2, plausibility of distractor was scored 3, and type of calculation was scored 1
because the reader had only to add to decimal numbers.

Another task at this level requires respondents to read a newspaper article
describing a research finding linking allergies to a particular genetic mutation. The
question directs the reader to calculate the number of people studied who were found
to have a mutant gene. To answer the question correctly the respondent had to know
how to set up the problem with the information given. That is, they had to know they
needed to convert the phrase “64 percent” to a decimal number and then multiply it by
the number of persons studied. The short newspaper article provided no clues on how
to set up this problem. As a result, type of calculation was coded 3 because it involved
a multiplication, and operation specificity was coded 6 because it required the reader to
convert to a decimal and to infer the operation that was needed. Type of match and
plausibility of distractor each received a code of 1.

One of the most difficult quantitative literacy tasks directs the reader to look at a
table providing nutritional analysis of food and then, using the information given,
determine the percentage of calories in a Big Mac® that comes from total fat. This task
was at 381 on the scale as a result of how readers responded to this task. To answer this
question, readers first must cycle through a long table with lots of distractors to identify
the correct numbers needed for this task. Next, they must recognize that the information
about total fat is provided in grams. Therefore, they must convert the number of fat
grams to calories before calculating this number of calories as a percentage of the total
calories given for a Big Mac®. As a result, type of match and plausibility of distractor
each received a code of 4. Type of calculation was scored a 5 because the task required
multiple calculations, and operation specificity received a score of 9 because of the
inferencing needed to discern the features of the problem and to set it up correctly.
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Sandwiches
Hamburger 102 g 255 12 30 5 1 3 37 | 490
Cheeseburger 116 g 305 15 30 13 7 1 5 50 | 725
Quarter Pounder® 166 g 410 23 34 20 11 1 8 85 | 645
Quarter Pounder® w/Cheese 194 g 510 28 34 28 16 1 11 115 |1110
McLean Deluxe™ 206 ¢ 320 22 35 10 5 1 4 60 | 670
McLean Deluxe™ w/Cheese 219 g 370 24 35 14 8 1 5 75 | 890
Big Mac® 215 g 500 25 42 26 16 1 9 100 890
Filet-O-Fish® 141 g 370 14 38 18 8 6 4 50 | 730
McChicken® 187 g 415 19 39 19 9 7 4 50 | 830
French Fries
Small French Fries 68 g 220 3 26 12 8 1 2.5 0 | 110
Medium French Fries 97 g 320 4 36 17 12 1.5 3.5 0 | 150
Large French Fries 122 g 400 6 46 22 15 2 5 0 | 200
Salads
Chef Salad 265 g 170 17 8 9 4 1 4 111 400
Garden Salad 189 g 50 4 6 2 1 0.4 0.6 65 70
Chunky Chicken Salad 255 g 150 25 7 4 2 1 1 78 | 230
Side Salad 106 g 30 2 4 1 0.5 0.2 0.3 33 35
Croutons 1149 50 1 7 2 1.3 0.1 0.5 0 140
Bacon Bits 30 15 1 0 1 0.3 0.2 0.5 1 95
Soft Drinks
Coca-Cola Classic® diet Coke® Sprite®
Small Medium Large Jumbo | Small Medium Large Jumbo | Small Medium Large Jumbo
Calories 140 190 260 380 1 1 2 3 140 190 260 380
Carbohydrates (g) 38 50 70 101 0.3 0.4 0.5 0.6 36 48 66 96
Sodium (mg) 15 20 25 40 30 40 60 80 15 20 25 40
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Evaluating the contribution of the variables to task difficulty

As with the prose and document scales, IRT was used to establish the quantitative
literacy scale as well as to characterize tasks along it. Again, a response probability of
80% was used as an indicator that someone at a specified point on the quantitative
literacy scale has mastered or is proficient with tasks at that place on the scale. It does
not mean that they cannot perform tasks above their estimated proficiency; rather, they
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may do so, but with less consistency. Their expected consistency on tasks above their
level of proficiency depends on how far the task is from their estimated proficiency.

Once the quantitative literacy tasks are placed along the scale using the criterion
of 80% (RP80), it is possible to determine to what extent the variables associated with
task characteristics explain the placement of tasks along the scales. A multiple regression
was run using RP80 as the dependent variable (see note 3). The independent variables
were the two process variables used to characterize the prose and document literacy
tasks—type of match (TOM) and plausibility of distractor (POD)—plus a newly
developed measure of document readability (READ) (Mosenthal and Kirsch, 1998).°
Type of information (TOI) is a constant on this scale since each question requires the
reader to determine an amount. In addition, we included the two process variables
created for the quantitative scale—type of calculation (TOC) and operation specificity
(OSP). The results are shown here in Table 3.

Table 3 shows the zero order correlation between each of the predictor variables
and RP80, along with output from the regression analysis. These data reveal that
operation specificity, type of calculation, and plausibility of distractor had the highest
zero order correlation with RP80. In terms of the regression analysis, operation specificity
received the largest standardized regression weight, followed by plausibility of distractor.
Neither readability nor the other process variables were significant predictors on this set
of tasks. As with the prose and document scales, it is important to note that while only
some of these variables receive significant weights in the model, each is important in
constructing the quantitative literacy tasks and in representing the domain. Together
this set of variables accounted for 75% of the variance in RP80 values.

Table 3

Standardized beta and T-ratios representing the regression of readability and
process variables against RP80 values on quantitative tasks, along with their zero
order correlation

Variable Beta coef. T- ratio Significance Corr. w / RP80
OsP .64 5.2 .00 .78
ToC .16 1.4 .18 .54
TOM -.18 -1.5 .14 .26
POD .40 3.3 .00 .50
READ .05 4 .09 .33

Multiple R = .87
Adjusted R? = .70

Easy tasks on the quantitative literacy scale tended to require readers to perform
a single, relatively simple operation (addition), where either the numbers are clearly
noted or provided in the text or and the operation is stipulated. Slightly more difficult
tasks may require the reader to perform either an addition or a subtraction with numbers
that are relatively easy to locate in the text but where the operation can be easily inferred
from the wording in the question or directive. Tasks further along the quantitative scale
become more varied both in terms of the type of operation they may be asked to perform,
and in terms of the extent to which the numbers are embedded in more complex displays
or the amount of inferencing that may be required to determine the appropriate operation
that is needed. A distinguishing characteristic of the most difficult tasks along this scale
is the fact that the reader is required to perform multiple operations sequentially and
they must discern the features of the problem from the material and directive given.
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Building an interpretative scheme

Identifying and validating a set of variables that predict performance along each of the
literacy scales provides a basis for building an interpretative scheme. This scheme provides
a useful means for exploring the progression of information-processing demands across
each of the scales and what scores along a particular scale mean. Thus, it contributes to
the construct validity of inferences based on scores from a measure (Messick, 1989).
This section summarizes an interpretative scheme that was adopted by IALS. The
procedure builds on Beaton's anchored proficiency procedures (Beaton and Allen, 1992;
Messick, Beaton, and Lord, 1983), but it is more flexible and inclusive than the one
originally developed and used in the 1980s by NAEP. It has been used in various large-
scale surveys of literacy in North America (Kirsch and Jungeblut, 1992; Kirsch et al.,
1993).

As shown in the previous section of this paper, there is empirical evidence that a
set of variables can be identified that summarize some of the skills and strategies that
are involved in accomplishing various kinds of prose, document, and quantitative literacy
tasks. More difficult tasks tend to feature more varied and complex information-
processing demands than are required by easier tasks. This suggests that literacy is
neither a single skill suited to all types of tasks nor an infinite number of skills each
associated with a particular type of task.

In the North American literacy surveys, when researchers coded each literacy task
in terms of the process variables described in this paper they noted that the values for
these variables tended to “shift” at various places along each of the literacy scales. These
places seemed to be around 50-point intervals, beginning around 225 on each scale
(Kirsch et al., 1998). While most of the tasks at the lower end of the scales had code
values of 1 on each of the process variables, tasks with scores around 225 were more
likely to have code values of 2. Among tasks with scores around 275, many of the codes
were 2s and an increasing number were 3s. Among tasks with response probability
values of 325, at least one of the three variables had a code value of 4. Code values of 4
or higher predominated tasks at around 375 or higher on the literacy scales.

Although there were some variations across the literacy scales at the points where
the coding shifts occurred, the patterns were remarkably consistent. Further, as was
shown in this paper with the IALS tasks, this system of coding tasks accounts for much
(although not all) of the variance associated with tasks along the literacy scales. Based
on these findings, researchers defined five levels of proficiency having the following
score ranges:

Level 1: 0-225

Level 2: 226-275
Level 3: 276-325
Level 4: 326-375
Level 5: 376-500

Once the literacy levels were identified based on the noted shifts in code values
for the three process variables, criteria were identified that would describe the placement
of tasks within these levels. These criteria are summarized along with the data to which
they were applied in a chapter appearing in the 1ALS technical report (Kirsch et al.,
1998). Based on evidence resulting from this work, the five literacy levels were used for
reporting results from literacy surveys in both national and international surveys using
these literacy scales.
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One of the advantages resulting from this approach for reporting results is the
fact that it is possible to estimate the probability that an individual who is estimated to
be in a particular literacy level will be able to perform the typical task in that level and
in other levels. Unlike traditional test scores, which provide a single estimate of ability,
these probability estimates offer a richer and more accurate reflection of the range of
tasks that a person can be expected to perform successfully. After all, while each individual
task used in an assessment is of some interest and importance, we are more likely to be
interested in the class of tasks each item is intended to represent—that is, items that
have similar characteristics and that we want to generalize outside the testing situation.
Any assessment is likely to be more useful if we are able to generalize from the particular
items used in the survey to the set of behaviors we are most concerned about.

These results mean that the literacy levels not only provide a means for exploring
the progression of information-processing demands across each of the literacy scales,
but they also can be used to help explain how the proficiencies demonstrated by various
countries and various subpopulations reflect the likelihood they will respond correctly
to a broad range of tasks used not only in IALS but to tasks having similar characteristics
as well. In practical terms, this means that individuals performing at 250 on a literacy
scale are expected to be able to perform the average Level 1 and Level 2 task with a high
degree of proficiency. That is, they are expected to be able to perform these kinds of
tasks with an average probability of 80% or higher. It is important to note that this does
not mean they will not be able to perform correctly on literacy tasks in Levels 3 or
higher. They will be expected to do so some of the time, but not with the same level of
consistency.

The three tables shown here (Tables 4, 5, and 6) display the probability that
individuals performing at selected points on each of the scales will give a correct response
to tasks of varying difficulty. For example, Table 4 shows that a reader whose prose
proficiency is 150 has less than a 50% chance of giving a correct response to the Level 1
tasks. Individuals whose proficiency score is 200, in contrast, have about an 80%
probability of responding correctly to these tasks.

In terms of task demands, it can be inferred that adults performing at 200 on the
prose scale are likely to be able to locate a single piece of information in a brief text
when there is no distracting information, or if plausible but incorrect information is
present but located away from the correct answer. However, these individuals are likely
to encounter far more difficulty with tasks in Levels 2 through 5. For example, they
would have only a 40% chance of performing the average Level 2 task correctly, an 18%
chance of success with tasks in Level 3, and no more than a 7% chance with tasks in
Levels 4 and 5.

In contrast, respondents demonstrating a proficiency of 300 on the prose scale
have about an 80% chance or higher of succeeding with tasks in Levels 1, 2, and 3. This
means that they demonstrate success with tasks that require them to make low level
inferences and with those that entail taking some conditional information into account.
They can also integrate or compare and contrast information that is easily identified in
the text. On the other hand, they are likely to encounter difficulty with tasks where
they must make more sophisticated textbased inferences, or where they need to process
more abstract types of information. These more difficult tasks may also require them to
draw on less familiar or more specialized types of knowledge beyond that given in the
text. On average, they have about a 50% probability of performing Level 4 tasks correctly;
with Level 5 tasks, their likelihood of responding correctly decreases to 40%.
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Table 4
Average probabilities of successful performance, prose scale

Selected proficiency scores

Prose level 150 200 250 300 350
%

1 48 81 95 99 100

2 14 40 76 94 99

3 6 18 46 78 93

4 2 7 21 50 80

5* 2 6 18 40 68

*  Probabilities are based on one task.

Table 5
Average probabilities of successful performance, document scale

Selected proficiency scores

Document level 150 200 250 300 350
%

1 40 72 94 99 100

2 20 51 82 95 99

3 7 21 50 80 94

4* 4 13 34 64 85

5* <1 1 3 13 41

*  Probabilities are based on one task.

Table 6
Average probabilities of successful performance, quantitative scale

Selected proficiency scores

Quantitative level 150 200 250 300 350
%

1* 34 67 89 97 99

2 20 45 75 92 98

3 7 20 48 78 93

4 1 6 22 58 87

5 <1 2 7 20 53

*

Probabilities are based on one task.

Similar kinds of interpretations can be made using the information presented for
the document and quantitative scales. For example, someone who is at 250 on the
document scale has, on average, an 82% chance of responding correctly to Level 2 tasks.
His or her likelihood of responding correctly decreases to 50% for Level 3 tasks, 34%
for Level 4 tasks, and only 3% for Level 5 tasks. Similarly, someone at 300 on the
quantitative scale has a 78% chance of responding correctly to tasks at this level, but
only a 58% chance with Level 4 tasks and a 20% chance with Level 5 tasks. Conversely,
they would be expected to perform Level 1 and 2 tasks correctly more than 90% of the
time.
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Conclusion

One of the goals of large-scale surveys is to provide information that can help policymakers
during the decision-making process. Presenting that information in a way that will
enhance understanding of what has been measured and the conclusions to be drawn
from the data is important to reaching this goal. This paper offers a framework that has
been used for both developing the tasks used to measure literacy as well as for
understanding the meaning of what is being reported with respect to the comparative
literacy proficiencies of adults. The framework identifies a set of variables that have
been shown to underlie successful performance on a broad array of literacy tasks.
Collectively, they provide a means for moving away from interpreting survey results in
terms of discrete tasks or a single number, and toward identifying levels of performance
sufficiently generalized to have validity across assessments and groups. As concern ceases
to center on discrete behaviors or isolated observations and focuses more on providing
meaningful interpretations of performance, a higher level of measurement is reached
(Messick, 1989).
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Notes

1. This section is based on the work of Werlich, 1976. Category names in parentheses are alternative ways
of labeling the class.

2. Mosenthal and Kirsch wrote a monthly column on Understanding Documents, which appeared in the
Journal of Reading between 1989 and 1991.

3. While most of the tasks in IALS received common RP80 values, a few tasks were assigned values

unique to a particular country when warranted by the data. Since the value assigned to each variable
used in the regression analyses was based on the evaluation of each task in English, it was decided to use
the RP80 values for the US as well.

4. The data used in the regression of prose literacy items are provided in Appendix B.
5. The data used in the regression of document literacy items are provided in Appendix B.
6. The data used in the regression of document literacy items are provided in Appendix B.
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Appendix A

Coding rules for the process variables

Type of information

Type of information requested refers to the nature of information that readers must
identify to complete a question or directive. Types of information form a continuum of
concreteness, which was operationalized as follows for purposes of this analysis:

*  When the requested information is a person, animal, place, or thing,
score 1.

*  When the requested information is an amount(s), time(s), attribute(s),
action(s), or location(s), score 2.

*  When the requested information is a manner, goal, purpose, condition, or
predicate adjective, score 3.

*  When the requested information is a cause, result, reason, evidence,
similarity, or pattern, score 4.

*  When the requested information is an equivalent, difference, or theme,
score 5.

Plausibility of distracting information

Plausibility of distracting information refers to whether or not an identifiable match
exists between information in the question and the text, or between the text and the
distractors in a multiple-choice question, which makes it difficult for readers to identify
the correct answer. The scoring rules for plausibility of distracting information are as
follows:

*  When there is no distracting information in the text, score 1.

*  When distractors contain information that corresponds literally or
synonymous to information in the text but not in the same paragraph as
the answer, score 2.

*  When distractors contain information that represent plausible invited
inferences not based on information related to the paragraph in which the
answer occurs, score 3.

. When one distractor in the choices contains information that is related to
the information in the same paragraph as the answer, score 4.

*  When two or more distractors in the choices contain information that is
related to the information in the same paragraph as the answer, score 5.

*  When one or more distractors represent plausible inferences based on
information outside the text, score 5.

Type of calculation
The scoring rules for type of calculation are as follows:
e Score 1 if task requires a single addition.

130 Statistics Canada — Catalogue no. 89-552-MIE, no. 13




Chapter 4: Prose literacy, document literacy and quantitative literacy: Understanding What Was Measured in IALS and ALL

e Score 2 if task requires a single subtraction.

e Score 3 if task requires a single multiplication.
e Score 4 if task requires a single division.

»  Score 5 if task requires multiple operations.

Type of match

This variable relates to the nature of the task and the level of processing required to
respond correctly to a task. The first diagram represents the additive scoring model used
to code prose literacy tasks. It is followed by the model used to code document literacy
tasks. The third model is for coding the variable “operation specificity” on the quantitative
scale.

An additive scoring model for prose literacy tasks

If locate, add 1; (If within paragraph, add 0;
If cycle, add 2; Cf between paragraphs, add 1.
If integrate, add 3;
If generate, add 5; ( It infer condition is based on synthesis of features
identified throughout paragraph, or if compare, add 0;
If infer condition is based on synthesis of features
Cdentified between paragraphs, or if contrast, add 1.
(" .
If 1 phrase to search on, add 0;
If 2 phrases to search on, add 1;
If 3 phrases to search on, add 2,
\If 4 phrases to search on, add 3.
(If 1 item response add 0; -
) ' ' For multiple responses:
It 2 |te.m response, add 1; If number of responses is specified, add 0;
If 3-4 item response, add 2; If number of responses is unspecified, add 1.
\If 5 or more item response, add 3.
(For given information:

If match is literal or synonymous,
If match requires a low-level text-based inference,
If match requires a high-level text-based inference,

v

( )

For requested information:
If completion of new information frame requires no inference or the identification

of a paradigmatic relationship, add 0;

If completion of new information frame requires a low-level text-based inference,

identification of a condition or an antecedent, or restatement of type of information, add 2;

If completion of new information frame requires some specialized prior knowledge or

the identification of a syntagmatic relationship, add 3;

If completion of new information frame requires a high-level text-based inference, add 4.
\_ _J
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An additive scoring model for document literacy tasks
™ If independent, add 0;
If locate, add 1; If dependent, add 1.
If cycle, add 2;
If integrate, add 3;
If generate, add 5; If compare, add 0;
_J If contrast, add 1.

(If 1 feature match,
If 2 feature match,
If 3 feature match,
If 4 feature match,

v

(If 1 item response, add 0; For multiple responses:
If 2 item response, add 1; If number of responses is specified, add 0;
If 3-4 item response, add 2; If number of responses is unspecified, add 1.
Qf 5 or more item response, add 3.
<
If match is literal or synonymous, add 0;
If match requires a low text-based inference or estimation,
or recognition of a condition stated elsewhere in document, add 1;
If match requires both a condition and low text-based inference, add 2;
If match requires a high test-based inference, add 3.
If completion of new information frame requires a low text-based inference, add 1;
If completion of new information frame requires no inference, add 0;
If completion of new information frame requires a high text-based inference, add 4.
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Operation specificity

This variable deals with the extent to which the numbers are embedded in the text or
document and the degree to which an inference must be made to identify the type of
operation to be performed.

An additive scoring model for quantitative literacy tasks

If numbers are in a row or column format, add 0;

If numbers are not in a row or column format, add 2

If numbers are adjacent, add 0;

If numbers are not adjacent, add 1.
If labels or amounts are identified without a search, add 0;
If labels are present and amounts are identified with a search, add 1;
If labels are inferred and amounts are identified with a search, add 2;
If one or more labels are ambiguous based on referents in question, add 4.

( )

If operation is signaled by +, -, X, /, or states ‘add,” ‘subtract,” ‘multiply,” ‘divide,’

or ‘total’ (when it means add), add 0;
If semantic relationship is stated, e.g. ‘how much more,” *how much less,’

‘how many times,’ ‘calculate the difference’ add 1;
If operation is easily inferred; e.g., ‘how much saved,” or ‘deduct’ add 2;
If operation is based on known ratios; e.g., ‘percent 0’ add 3.
If numbers are present, add 0;
If numbers are entered or identified in previous task, add 1;
If numbers are present but one is conditional, add 2;
If numbers must be inferred but label is identified, add 2.

If units require no transformation, add 0;

If units require transformation (e.g., time or fraction), or
require converting to common units, like decimals or fractions, add 1.
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Appendix B

Data from prose, document, and
guantitative items

Table B1
Code values for IALS prose literacy items

Item RP80 TOM TOI POD READ
corel 190.00 1.00 2.00 1.00 6.00
blg5 318.00 5.00 4.00 3.00 7.00
b1lq6 297.00 3.00 3.00 3.00 7.00
b1lg10 248.00 1.00 1.00 2.00 9.00
blgll 377.00 7.00 3.00 4.00 9.00
b2ql 254.00 1.00 3.00 3.00 8.00
b2q3 230.00 1.00 4.00 2.00 8.00
b2q6 329.00 5.00 4.00 4.00 8.00
b2q7 374.00 6.00 4.00 4.00 8.00
b3q7 306.00 5.00 2.00 3.00 7.00
b3q8 338.00 6.00 5.00 1.00 7.00
b3q9 287.00 3.00 3.00 2.00 7.00
b3g11l 281.00 3.00 3.00 2.00 8.00
b3q12 318.00 4.00 4.00 4.00 8.00
b3q13 297.00 3.00 3.00 2.00 17.00
b3q15 246.00 2.00 2.00 2.00 8.00
b4ql 188.00 1.00 2.00 1.00 6.00
b4q2 298.00 4.00 3.00 2.00 6.00
b4q6 314.00 3.00 3.00 2.00 8.00
b4q7 306.00 4.00 5.00 2.00 8.00
b5q1l 192.00 1.00 1.00 1.00 8.00
b5q2 226.00 2.00 2.00 4.00 8.00
b5q3 255.00 1.00 2.00 3.00 12.00
b5q4 350.00 6.00 5.00 3.00 12.00
b5q5 324.00 3.00 3.00 4.00 12.00
b5q6 316.00 5.00 3.00 2.00 12.00
b6ql 209.00 1.00 4.00 1.00 6.00
b6q7 275.00 4.00 2.00 2.00 13.00
b6q8 310.00 5.00 3.00 3.00 13.00
b7q10 271.00 4.00 1.00 1.00 8.00
b7q11 349.00 7.00 3.00 2.00 8.00
b7q13 206.00 1.00 2.00 2.00 6.00
b7q14 294.00 5.00 2.00 3.00 6.00
b7q15 275.00 3.00 2.00 1.00 6.00
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Table B2
Code values for IALS document literacy items

Item RP80 TOM TOl POD READ
core2 182.00 1.00 1.00 2.00 1.00
blqgl 291.00 2.00 3.00 2.00 2.00
blq2 254.00 1.00 2.00 2.00 2.00
b1g13 237.00 1.00 2.00 3.00 2.00
b2q8 322.00 4.00 2.00 3.00 5.00
b2q10 304.00 3.00 2.00 4.00 4.00
b2glla 231.00 1.00 2.00 1.00 4.00
b2q11b 280.00 4.00 2.00 3.00 4.00
b2qlilc 227.00 1.00 1.00 1.00 4.00
b2q11d 221.00 1.00 1.00 1.00 4.00
b2qlle 237.00 2.00 1.00 1.00 4.00
b3q2 341.00 6.00 5.00 2.00 5.00
b3qg5 296.00 4.00 2.00 3.00 7.00
b4q4 321.00 4.00 3.00 4.00 1.00
b4g5a 294.00 3.00 2.00 3.00 1.00
b4ql2a 229.00 1.00 1.00 1.00 2.00
b4q12b 256.00 1.00 1.00 2.00 2.00
b4ql2c 222.00 1.00 1.00 1.00 2.00
b4qgl2d 195.00 1.00 1.00 1.00 2.00
b5q7 242.00 2.00 2.00 2.00 5.00
b5q8 291.00 3.00 2.00 2.00 5.00
b5q10 295.00 5.00 4.00 3.00 5.00
b5q11d 302.00 4.00 2.00 2.00 3.00
b5q12 313.00 5.00 1.00 4.00 3.00
b6qg4 218.00 1.00 1.00 2.00 2.00
b6q6 250.00 2.00 4.00 1.00 2.00
b6q9 270.00 3.00 2.00 3.00 9.00
b6g11 297.00 4.00 2.00 3.00 9.00
b7q1 188.00 1.00 2.00 2.00 2.00
b7q3 234.00 3.00 1.00 2.00 2.00
b7q4 270.00 4.00 2.00 4.00 6.00
b7q7 327.00 4.00 1.00 3.00 11.00
b7q8 287.00 4.00 2.00 2.00 11.00
b7q9 408.00 5.00 2.00 5.00 11.00
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Table B3
Code values for IALS quantitative literacy items

Item RP80- TOM POD ToC OSPEC READ
Core 262.00 2.00 2.00 2.00 3.00 1.00
Core 232.00 1.00 1.00 1.00 1.00 1.00
blq4 289.00 1.00 3.00 1.00 3.00 7.00
blq7 300.00 2.00 2.00 2.00 4.00 6.00
b1qg9 302.00 3.00 4.00 1.00 3.00 6.00
blql4 327.00 3.00 4.00 5.00 4.00 2.00
blgl5 265.00 3.00 2.00 1.00 3.00 2.00
b2qg4 315.00 2.00 3.00 5.00 5.00 2.00
b2qg5 408.00 2.00 4.00 5.00 7.00 2.00
b2q9 255.00 4.00 4.00 2.00 3.00 5.00
b3ql 276.00 2.00 2.00 2.00 4.00 5.00
b3q3 277.00 3.00 4.00 1.00 2.00 5.00
b3q6 308.00 3.00 4.00 2.00 4.00 7.00
b3q14 328.00 1.00 1.00 3.00 6.00 17.00
b4q3 272.00 1.00 1.00 3.00 3.00 6.00
b4q5b 302.00 1.00 3.00 3.00 2.00 1.00
b4q9 324.00 3.00 4.00 2.00 3.00 11.00
b4q10 381.00 4.00 4.00 5.00 9.00 11.00
b4qil 280.00 4.00 3.00 1.00 4.00 11.00
b4q12 229.00 1.00 1.00 1.00 1.00 2.00
b4q12 225.00 1.00 1.00 1.00 1.00 2.00
b5q9 293.00 4.00 2.00 2.00 5.00 5.00
b5q11 336.00 1.00 1.00 1.00 6.00 3.00
b5q11 331.00 7.00 3.00 5.00 6.00 3.00
b5q13 335.00 5.00 5.00 1.00 4.00 5.00
b5q14 308.00 4.00 2.00 2.00 2.00 5.00
b6q2 315.00 3.00 3.00 5.00 3.00 6.00
b6q3 253.00 3.00 3.00 3.00 3.00 6.00
b6q5 287.00 2.00 2.00 1.00 3.00 2.00
b6q10 348.00 2.00 3.00 1.00 6.00 9.00
b7q2 268.00 2.00 2.00 2.00 5.00 2.00
b7qg5 317.00 5.00 4.00 2.00 4.00 6.00
b7q6 321.00 1.00 3.00 3.00 3.00 6.00
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Overview

About the ALL survey

The Adult Literacy and Lifeskills (ALL) survey (formerly the International Life Skills
Survey, ILSS), is a follow-up to the International Adult Literacy Survey (IALS), the
world’s first large-scale comparative assessment of adult literacy. The ALL survey has
been a joint development by Statistics Canada and by the United States’ National
Center for Education Statistics (NCES), in cooperation with the Organization for
Economic Cooperation and Development (OECD) and the United Nations Educational,
Scientific, and Cultural Organization (UNESCO (OREALC)) since 1997.

Using household survey methods, the ALL project assesses performance of adults
aged 16 to 65 in the domains of Prose and Document Literacy, Numeracy, and Problem
Solving, and also collects information about experiences with Information and
Communication Technology. Many other variables and correlates of interest, such as
demographic details, employment status, and participation in learning activities, are
recorded via a Background Questionnaire (BQ).

The key goals of the project are to:

e Profile and compare skill distributions across participating countries
e Explore covariates of observed skills, e.g., social and economic factors,

e Understand the relationship of Numeracy and Problem Solving to Prose
and Document Literacy.

Following several years of preparation and an extensive Pilot survey in 2002, the
first round of ALL'S main assessment, involving 6 countries, began in 2003. Plans
include a full comparative report from the first round, to be followed by other publications
and by assessment rounds in additional countries.

Numeracy in the ALL survey

Numeracy is included as a domain in the ALL Survey as one of the critical factors in
determining the capability of a population to adapt to and effectively function in an
increasingly information-laden society or to perform well at work (European
Commission, 1996). Schools are placing more emphasis on the links between the
knowledge and skills gained in the mathematics classroom and students’ ability to handle
real-life situations that require activation of mathematical knowledge and skills. Given
the increasing need for adults to continuously adapt to changing citizenship, workplace,
and everyday life demands, it is vital that nations have information about their workers’
and citizens’ numeracy in order to evaluate the human capital available for advancement,
to plan effective school-based and lifelong learning opportunities, and to better
understand the factors that affect citizens’ ability to advance their well-being.

The conception of numeracy developed for ALL is built upon recent research
and work done in several countries on functional demands of different life contexts, on
the nature of adults’ mathematical and statistical knowledge and skills, and on how
such skills are applied or used in different circumstances. In light of the general intention
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of the ALL survey to provide information about a diverse set of lifeskills, this framework
defines numeracy as follows:

Numeracy is the knowledge and skills required to effectively manage and
respond to the mathematical demands of diverse situations.

However, since an assessment can only examine observed behavior, not internal
processes or capacities, this framework uses a more detailed definition of “numerate
behavior” as a means to guide the development of items for the survey.

Numerate behavior is observed when people manage a situation or solve
aproblem in a real context; it involves responding to information about
mathematical ideas that may be represented in a range of ways; it requires
the activation of a range of enabling knowledge, factors, and processes.

Both definitions above use broad concepts and terms whose specific meanings
and underlying components are explained in more detail later in this document. The
definitions imply that numeracy can be viewed as a functional competency that is
somewhat different from the traditional notion of “knowing mathematics” in that it
relates to the capacity to act and bring one’s knowledge (mathematical and other) to
bear on tasks in context.

Numeracy is assessed in the ALL survey by presenting to respondents short tasks
with mathematical content that are embedded in real-life contexts. As illustrated by
the sample items in Appendix 1, tasks require that respondents activate a range of
knowledge and skills, and respond to different situations by computing, estimating,
understanding notions of shape, length, volume, monetary units, measuring,
understanding some statistical ideas, or interpreting simple formulas. Respondents are
encouraged to use the tools provided, paper and pencil, a ruler and a four-function
calculator, whenever they wish. Numeracy and its assessment is thus broader in scope
than Quantitative Literacy, as defined in 1ALS, which refers to a person’s ability to
apply arithmetic operations to numbers embedded in print materials.

About this report

This report describes key stages in the development of the Numeracy assessment scale
for the ALL survey that took place between 1998 and early 2003, in three parts:

Part A presents a conceptual discussion of the numeracy construct and its facets,
examines approaches to assessment of mathematical skills, and reviews issues that
influenced the item development process. This section includes most of the text that
appeared in the original Numeracy framework published in 1999 on the ALL (then
ILSS) website. Editorial changes were made to streamline the presentation and to
respond to comments from external reviewers, but the material was kept mostly intact
since it served as the conceptual foundation from which item development progressed
starting in 1998.

Part B describes the development of the item pool and scoring guidelines, and
the feasibility studies that led to the selection of 80 items for a Pilot study that took
place in 2002.

Part C outlines the design of the ALL Pilot study and presents key results, on
the basis of which 40 Numeracy items were selected for the main ALL assessment in
2003. Two appendices contain sample Numeracy items that have been released to the
public (Appendix 1) and details of a scheme of complexity factors that was used to
inform the evaluation of difficulty levels of items during the item development process
(Appendix 2).
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Part A:

Conceptual foundations

This part of the report presents a framework for the assessment of numeracy skills in
the Adult Literacy and Lifeskills Survey (ALL). It begins by examining different
perspectives that informed the conceptualization of numeracy developed for the ALL
survey, and reviews some factors known to affect adults’ numerate behavior, such as
literacy, beliefs and attitudes, and prior practices, some of which are studied by specific
questions in the ALL Background Questionnaire (BQ). Next, a definition of numeracy
is presented, followed by an elaboration on the facets of numerate behavior that guided
the development of items for the ALL Numeracy scale. Finally, several factors that are
thought to influence the complexity or difficulty of numeracy tasks are presented;
these factors are important both for development of items as well as for interpretation
of the survey results. The actual stages of item development and pilot testing are described
in parts B and C of the report.

1. Adult numeracy: Influences and perspectives

The construct “numeracy” does not have a universally accepted definition, nor agreement
about how it differs from “mathematics.” For some educators and officials, the term
numeracy implies a set of simple skills involving the ability to carry out basic computations
or arithmetical operations. In contrast, adult numeracy as viewed here is a broad construct
that involves a range of knowledge, skills, and supporting processes. This section presents
a review of influences or trends that have led to the conceptualization of numeracy
employed in the ALL survey, and organizes them under five headings: Workplace
perspectives, Broader life purposes, Educational perspectives, Research perspectives, and
Assessment schemes. (These five headings or areas are interconnected and not mutually
exclusive, as developments in one area often influence thinking in other areas).

1.1 Workplace perspectives

Over the last two decades, many countries have launched large-scale efforts aimed to
define “core skills” or “key competencies” that workers should have, in response to the
need to maintain economic competitiveness and improve employability of adults and
school graduates. As workplaces are becoming more concerned with involving all workers
in improving workplace efficiency and quality processes, the importance of humeracy
skills is growing, and they have been shown to be a key factor in workplace success
(Jones, 1995; Murnane, Willett and Levy, 1995). Basic computational knowledge has
always been considered as part of the fundamental skills that adults need to possess, but
the recent skills frameworks describe in specific terms the need for workers to possess a
much broader range of mathematical skills. Examples exist in many countries, such as
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the United Kingdom, the United States, Australia, the Netherlands, and other OECD
countries. The following descriptions are indicative of the nature of such efforts.

Outcomes from skills projects conducted in the United States illustrate workplace
perspectives regarding mathematical skills needed by workers. Following earlier research
by a task force of the American Society of Training and Development (Carnevale, Gainer,
and Meltzer, 1990), the Secretary of Labor’s Commission on Achieving Necessary
Skills (SCANS) (Packer, 1997) has differentiated between mastery of basic arithmetical
skills and much broader and flexible understanding of principles and underlying ideas,
subsumed under the notion of mathematical skills:

SCANS arithmetical skills: Performs basic computations; uses basic
numerical concepts such as whole numbers and percentages in practical
situations; makes reasonable estimates and arithmetic results without a
calculator; and uses tables, graphs, diagrams and charts to obtain or convey
quantitative information.

SCANS mathematical skills: Approaches practical problems by choosing
appropriately from a variety of mathematical techniques; uses quantitative
data to construct logical explanations for real world situations; expresses
mathematical ideas and concepts orally and in writing; and understands
the role of chance in the occurrence and prediction of events. (SCANS,
1991, p. 83)

Based on a later survey of employers, industry trainers, and educators, among
others, Forman and Steen (1999) similarly argued that quantitative skills desired by
employers are much broader than mere facility with the mechanics of addition,
subtraction, multiplication, and division and familiarity with basic number facts; they
also include some knowledge of statistics, probability, mental computation strategies,
some grasp of proportional reasoning or modeling relationships, and broad problem-
solving and communication skills about quantitative issues. Buckingham (1997), who
studied what she called “specific and generic numeracies of the workplace” in some
manufacturing industries in Australia, concluded that workplace numeracy is now about
making decisions in the face of uncertainty in real situations, and that it encompasses
far more than the basic skills traditionally associated with the term numeracy (as this
term had been used in Australia).

Outcomes from skills projects are echoed in educational specifications. For example,
basic skills projects in the United Kingdom and Australia influenced vocational education
frameworks that name numeracy as an important skill, and describe stages or levels of
accomplishment (Australian Education Council, 1992). The National Council for
Vocational Qualifications Core Skills in the United Kingdom identified five levels of
numeracy skill (Oates, 1992) that are closely linked to the sequence of content in the
national school mathematics curriculum.

1.2 Broader life purposes

Since numeracy involves action in the real world, it is important to reflect on the kinds
of purposes served by people’s ability to act in a numerate way. Since people’s numeracy
is related to and may at times depend on people’s literacy skills or other lifeskills, the
purposes served by numeracy are expected to parallel those served by adults’ literacy.

Work to describe the purposes served by adults’ literacy and numeracy skills has
been conducted in several countries. In Australia, for example, Kindler et al., (1996)
reported on four such purposes: literacy for self-expression, literacy for practical purposes,
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literacy for knowledge, and literacy for public debate. In the Equipped for the Future
initiative, The National Institute for Literacy in the United States has sponsored efforts
to define critical skill areas. As part of the project, adult learners were asked what they
needed to compete in a global economy and exercise the rights and responsibilities of
citizenship. Content analysis yielded four broad types of purposes (Stein, 1995):

e Literacy for access and orientation in the world,
e Literacy as voice to one’s ideas and opinions,

e Literacy for independent action, solving problems and making decisions
as a parent, citizen and worker,

e Literacy as a bridge to further learning and to keep up with a rapidly
changing world.

In Australia, a range of work has been done to create standards and a hierarchy of
numeracy skill development that is not based upon school mathematics descriptions
(Coates et al. 1995). In one key project (Kindler et al. 1996), numeracy was organized
into four broad categories, according to different purposes and functions of using
mathematics. Numeracy for Practical Purposes addresses aspects of the physical world
that involve designing, making, and measuring. Numeracy for Interpreting Society relates
to interpreting and reflecting on numerical and graphical information in public
documents and texts. Numeracy for Personal Organization focuses on the numeracy
requirements for personal organizational matters involving money, time and travel.
Numeracy for Knowledge describes the mathematical skills needed for further study in
mathematics, or other subjects with mathematical underpinnings and/or assumptions.

Overall, the purposes regarding literacy and numeracy appear to agree and suggest
that adults need to be able to apply their numeracy and literacy skills to tasks with a
social purpose in both informal and more formal contexts.

1.3 Educational perspectives

Recent years saw a growing dialogue about the goals and impact of mathematics education
in schools. Various arguments have been brought forward to support a broadening of
the conceptions regarding the mathematical skills and knowledge that school graduates
should possess. In a society in which the media constantly present information in
numerical or graphical form, the ability to interpret quantitative and statistical messages
has been positioned by key stakeholders in education as vital for all adults (Steen,
1997). While employers have focused mostly on practical or job-specific numeracy
skills, educators associated with the mathematical sciences have also paid much attention
to the importance of quantitative literacy in civic and social contexts, and argued that
mathematics is a crucial part of a common fabric of communication indispensable for
modern civilized society, in part because it is the language of science and technology.
Thus, understanding of public discussions and reports about socially important topics
such as health and environmental issues are impossible without using the language of
mathematics (National Research Council, 1989).

More mathematics educators now encourage links between the knowledge and
skills gained in the mathematics classroom and students’ ability to handle real-life
situations that require activation of mathematical knowledge and skills (National Council
of Teachers of Mathematics (NCTM),1989; Willis, 1990; Heuvel-Panhuizen and
Gravemeijer, 1991). Such “handling” should be interpreted broadly, to mean not only
application of mathematical procedures and concepts, but also many other abilities,
such as the ability to critically reflect on information encountered (Frankenstein, 1989)
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or to understand and appreciate mathematical phenomena in the world, such as symmetry
in the arts and nature.

The Realistic Mathematics Education (RME) initiative in the Netherlands that
started in the early 1980s is an example of an attempt to develop educational experiences
in light of the characteristics of real-world mathematical tasks and practices. RME is
based upon the assumption that mathematics is an essential and important aspect of
society, and therefore that mathematics education should be derived from real-life
situations and should aim to create those skills applicable in any societal situation (family,
work, etc). RME in adult education aims to optimize mathematical knowledge, skills,
and problem-solving strategies that people have already been using in everyday life, or
learned in or out of school, so that they can apply those strategies flexibly in all kinds of
situations, have more control over their own personal, societal and work lives, and
undertake further learning or training. Therefore, RME implies that school students
and adults are to also be trained in cooperative learning and in recognizing and facilitating
their own problem-solving procedures, strategies, and learning processes (van
Groenestijn, 1998).

In the adult education sector, which is growing and becoming more formalized
in many countries due to economic considerations and the need for lifelong learning,
attention to mathematical skills is very visible (Benn, 1997). Educators working with
adults aim to assist learners in developing mathematical concepts and relationships in
ways that are personally meaningful but also functional. Adult educators usually assume
that there is rarely only one right way, but a wide variety of strategies that work well
when solving functional computational problems. Adults’ personal methods of using
mathematics are encouraged and valued. This is often a significant difference from
traditional (pre-reform) school-based mathematics teaching, within which school
students were often expected to follow the one correct method, or algorithm, introduced
by the teacher to solve a problem.

The National Institute for Literacy in the United States has sponsored several
efforts to define critical skill areas, as part of its Equipped for the Future initiative. One
key project, by the Adult Numeracy Network (ANN) (Curry, Schmitt, and Waldron,
1996), was designed to reach a consensus on the kinds of mathematics that adults
should know and hence are important to teach and assess in adult education. This
project aimed to consolidate several curricular perspectives, mainly those offered by the
NCTM (1989) the SCANS Commission (1991), and prior work by the ABE
Mathematics Team in Massachusetts (Leonelli, Merson, Schmitt, and Schwendeman,
1994), as well as the results of interviews with hundreds of adult learners, numeracy
teachers, and employers.

The ANN'’s Framework for Adult Numeracy Standards: The Mathematical Skills
and Abilities Adults Need to be Equipped for the Future, organized needed knowledge into
seven broad themes or areas: Relevance/connections, Problem solving/reasoning/decision
making, Communication, Number and number sense, Data, Geometry: spatial sense
and measurement, and Algebra: patterns and functions. The first three themes are
concerned with processes of being numerate, while the latter four cover key content
areas of mathematics. Again, this framework highlights and supports the view that
numeracy is about making meaning of mathematical information, and that it encompasses
a broad spectrum of skills and knowledge bases.

1.4 Research perspectives

A sizeable literature has accumulated over the last several decades regarding the ways in
which adults use mathematical skills or cope with mathematical tasks in both formal
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(i.e., school-based) and informal (i.e., everyday or workplace) contexts. However, few
attempts have been made to synthesize this literature and examine its implications for
large-scale skills assessments. Some examples of research reports and theoretical discussions
that could be considered in this regard include: Rogoff and Lave, 1984; Resnick, 1987;
Saxe, 1988; Carraher, Schliemann, and Carraher, 1988; Scribner and Sachs, 1991;
Nunes, 1992; or Coben, 2000.

Based on an analysis of the above and related literature, Gal (1993), while at the
Numeracy Project at the National Center for Adult Literacy in the US, developed a
conceptual perspective on the nature of adults’ numeracy and numerate behavior. Gal
(1993; 1997) argued that “numeracy” refers to the aggregate of skills, knowledge, and
dispositions that enable and support independent and effective management of diverse
types of quantitative situations. Gal further argued that the scope of adult numeracy is
broad in light of the need for different types of responses in different situations.

Some situations call for generative responses, i.e., computing a number or
generating an estimate or a decision. Examples are dealing with simple operations
(measuring the length of a shelf), dealing with multi-step operations embedded in text
(such as completing a tax form) and making reasonable decisions (for example, choosing
the best loan). Other situations call for interpretive responses, i.e., making sense of
quantitative statements or data displays (as in a newspaper article reporting crime
statistics), and being able to ask critical questions about the information and arguments
presented without performing any calculations. Both types of situations, and many
mixed types, vary in terms of the literacy and communication skills they involve; in
some cases it may not be possible to separate literacy from numeracy skills. It has also
been suggested (Gal, 1997) that numerate behavior is enabled by dispositional elements
(beliefs, attitudes, habits of mind) that motivate and support effective behavior in any
given situation.

Gal (1993) also proposed that adults manage situations that call for application
of numeracy skills. A person may decide to sacrifice precision or accuracy to reduce
mental load or save time. A response may be reached in a computationally inefficient
way or be based on non-standard procedures, but this may not matter in real-life as
long as the individual expends time and effort in a way that is reasonable in light of the
demands of the situation and his or her goals. It follows that there may be important
differences between how adults respond to a school-oriented task (where adults may try
to apply only school-based, memorized procedures), and demonstrate numerate,
confident behavior in realistic situations. Cumming, Gal, and Ginsburg (1998) have
argued that many of these aspects of numerate behavior are not reflected in how tests
and test items are created and interpreted.

1.5 Assessment schemes

Some understanding of the mathematical needs of adult life can also be gleaned from
an examination of large-scale assessment efforts, used either with adults or school students.

Adult assessments. A framework developed by Kirsch and Mosenthal (see Kirsch,
Jungblut, and Mosenthal, 1998) to describe adults’ literacy skills, including aspects of
adult’s quantitative skills, has been widely implemented in multiple national and
international assessment projects, most recently the International Adult Literacy Survey
(IALS; see Statistics Canada and OECD, 1996, 1997). The IALS framework made
use of three literacy scales—Prose Literacy, Document Literacy, and Quantitative
Literacy—to operationalize its conception of literacy. The ALL domain of numeracy is
most closely related to the Document Literacy (DL) and Quantitative Literacy (QL)
scales, which were defined as follows.
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DL: The knowledge and skills required to locate and use information
contained in various formats (including job applications, payroll
forms, transportation schedules, maps, tables, and graphics).

QL: Theknowledge and skills required to apply arithmetic operations,
either alone or sequentially, to numbers embedded in printed
materials (such as balancing a check book, figuring out a tip,
completing an order form, or determining the amount of interest
on a loan).

QL tasks as well as some DL tasks have addressed important aspects of people’s
mathematical knowledge and skills. For example, DL tasks required respondents to
identify, understand, an