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Executive
summary

With the learning goals of education shifting to include
a broader range of skills, the challenge globally is how
to support students in developing these skills. The
components of the education system must be aligned
to support the development of 21st century skills,

and the qualitatively different structure of these skills
requires some completely new approaches, both in
the measurement aspect and collection of assessment
data. A major issue that confronts education systems
is a deficiency in the effective use of collected student
learning outcomes data. Notwithstanding the huge
sums that are dedicated to its collection, a proportion-
al commitment is not made to its strategic analysis or
its dissemination.

The main purpose of this publication is to provide
guidance on how data from 21st century skills assess-
ment can be used and interpreted in terms of learning
outcomes to inform teaching and learning. Towards
this purpose, we put forward actionable recommen-
dations that are both applicable and relevant to the
current state of assessing these 21st century skills to
enhance learning outcomes, as well as forward-look-
ing in anticipating the future of assessment. In this
publication, we consider the purposes of collecting
student achievement data associated with 21st centu-
ry skills, discuss how these data are currently used in

various contexts and the challenges associated with
each, and finally provide key principles for effective
data use both generally and specific to major stake-
holders.

Beginning with a discussion of what demarcates 20th
and 21st century skills in the context of assessment,
we consider the main purposes of the practice. These
purposes are roughly dichotomized across forma-

tive and summative types of assessment. Formative
assessments are undertaken throughout the teaching
and learning process, with the direct purpose of im-
proving the learning outcomes of those students being
assessed. Summative assessments are typically con-
ducted at the end of learning processes to evaluate
students’ learning outcomes by comparing them with
some validated standards or benchmark. However, it is
the purpose of the assessment, rather than the type,
that leads to different uses of assessment data—for
teaching and learning, as well as for monitoring and
accountability.

The current state of teaching and assessment of 21st
century skills is outlined, with acknowledgement of
some major issues. These include our lack of under-
standing and knowledge of how 21st century skills
can be taught, and the possible lack of alignment
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between traditional curricula and a 21st century skills
learning agenda. Although the use of large-scale
assessment data for system accountability and mon-
itoring is well-established, specific information about
student performance expectations for 21st century
skills is provided by only a handful of education sys-
tems that have these skills formally embedded in their
curriculum, and therefore, have the mechanisms for
system-wide data collection, use, and dissemination.

Challenges specific to assessment of 21st century
skills may be one reason why education systems are
having difficulty translating policies into actual practice
in schools and classrooms. These include the inherent
nature of transferable skills that can be demonstrated
across different situations and in response to different
contexts. Such skills require assessment approaches
that are either sufficiently broad or sufficiently dynam-
ic to capture this essential quality. Most educational
assessments tend to reward “correct” answers to
clearly defined questions. Although there are several
instruments and advanced assessment approaches
that have been demonstrated to capture 21st century
skills, the challenge is how to use these systemically
and ensure they are not only valid and reliable, but
also practical, in the contexts that they are to be used.
Additional challenges include lack of comprehensive
operational definitions, lack of standards for making
evidence-based inferences, threats to generalizability,
cross-cultural validity of the definitions, and measure-
ment errors.

Finally, focusing on the main purpose of this publica-
tion, a set of general principles are presented and dis-
cussed in detail. These general principles, in summary,
are the following:

1) Design data collection processes that are
aligned with purposes and agenda at all levels.
Avoid redundancies in data collection that occur
when collecting too much or overlapping data.
Align different approaches across the system to
meet the goal of enhancing learning.

2) Establish a clear link between the captured form
of data and the intended reported form of data.
Ensure that the data-capture process is systematic.
Clearly specify the format and structure of the re-
porting framework. Provide considerable infrastruc-
ture and support systems for implementation. Build
a timely and regular assessment program that can
provide sufficient assessment data at an individual
level. Always take into consideration that the quality
of the data itself depends on several factors, from
measurement precision to the representativeness
of the sample, and failure to take these limitations
into account can result in misleading interpretations
and conclusions.

Complementing these main general principles are
data use principles that are relevant to specific stake-
holders, focusing primarily on researchers, district and
school leaders, and teachers. Relating to the use of
21st century assessment data, we find that 21st cen-
tury assessments require solid research support for
researchers, need a data-driven instructional systems
model for improving instructions for district and school
leaders, and require the assessment process to be
contextualized and incorporated into teaching and
learning processes innovatively for teachers.



INntroduction

The main purpose of this publication is to serve as
a practitioner- and policy-oriented resource focused
on the specific issues of data use in the context of
assessing 21st century skills.

The changes in our economy and society in this
century have placed a greater emphasis on the skills
that citizens need to be successful. This diverse set
of skills, often referred to as 21st century skills, and
including critical thinking, creativity, problem solving,
communication, and socio-emotional skills, among
others, are in high demand as the need for rote or
routine-based knowledge decreases due to auto-
mation in the workplace (Rotherham & Willingham,
2010). In education specifically, there is the concern
of a global learning crisis—that students are not fully
prepared with the skills they need to thrive in today’s
rapidly changing world (The Education Commission,
2017). Consequently, international, non-governmental,
private sector, academic, and governmental organi-
zations around the world are focusing their attention

on addressing this challenge. For example, the United
Nations set 17 Sustainable Development Goals, one
of which provides for inclusive and quality education
for all children (United Nations, 2015). Others, such as
Partnership for 21st Century Skills (P21), Organisation
for Economic Cooperation and Development (OECD),
and Assessment and Teaching of 21st Century Skills
(ATC21S), have developed theoretical frameworks
that identify and describe 21st century skills. While
the skills themselves are not new, the recent attention
and interest in these skills by multilateral organizations
have created a new focus on how to measure them
with the same rigor as traditional learning domains.
Moreover, countries around the world are broadening
their learning goals beyond the acquisition of tradi-
tional academic skills such as literacy and numeracy,
to include 21st century skills such as problem solving,
critical thinking, and collaboration (Care, Anderson,

& Kim, 2016). There is a move toward integrating 21st
century skills in education systems in order to equip
students with the skills they need to have successful
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lives and livelihoods. As the goals of the education
system change, this brings about many challenges.
One of these challenges is to review how assessment
is used to measure a more diverse set of learning
goals.

According to the National Research Council’'s Commit-
tee on the Foundations of Assessment (NRC, 2001, p.
1), “Educational assessment seeks to determine how
well students are learning and is an integral part of
the quest for improved education. It provides feed-
back to students, educators, parents, policymakers,
and the public about the effectiveness of educational
services.” Various stakeholders (e.g., education sector
providers, governmental bodies, international agen-
cies, and researchers) conduct assessments to inform
or make changes to the education system that improve
learning. This central concept of using assessment

to improve learning is related to the broader concept
of using measurement to inform the current state for
the purposes of changing that state. In the context

of education, the change most people are looking

for is improvement of learning outcomes. Resting on
the premise that we need to improve the learning of
21st century skills, we need to develop 21st century
assessments to evaluate the extent to which changes
to the education system are effective.

The term “21st century assessment” encompasses
multiple aspects of learning assessment, including the
skills assessed and the methods used. While some as-
pects of 21st century assessment are new, principles
of good assessment apply as much in this century as
they did in the last. The distinction between 20th and
21st century assessments lies in the increasing use of
newer technologies and psychometric methods, and
in the increasingly diverse number and type of skills
being assessed. Most 20th century assessments are
analyzed using classical test theory approaches, such
as treating counts of correct responses as the primary
indicator! of performance and reporting on percent

correct. While modern measurement approaches
such as item response theory and structural equation
modeling techniques have been developed in the
mid-20th century, it was only through the advent of
personal computers that their use began to be prac-
tical at school level. More importantly, the spread of
these modern measurement approaches has enabled
the development of test instruments that go beyond
correct-incorrect scoring and percent-correct report-
ing (see, for example, Hambleton & Jones, 1993).
When applied to the assessment of 21st century skills,
modern techniques enable the development of multidi-
mensional> measurement tools and the capture of rich
response data (e.g., multiple response types on a sin-
gle item, process data, etc.). The rapid pace of digital
technology has enabled rich and authentic platforms
for these 21st century skills to be demonstrated and
measured, such as in-game environments and digital
spaces that allow manipulation of 3D objects. The
combination of digital technology and modern mea-
surement approaches means that indicators of these
competencies can now be captured and measured in
real time.

There are a number of approaches to assessment

of 21st century skills, and examples are provided in
Table 1. These examples will be revisited throughout
this document. With the main focus of this publication
being the use of data from 21st century skills as-
sessment, the examples are used to provide tangible
evidence of the new methods and tools as well as
examples of the problems, as identified in this publi-
cation.

Given the relative newness of assessing 21st century
skills, at least when it comes to integrating them within
education systems, many questions still remain unan-
swered:

* What are the major functions of assessment
broadly?



Example approaches and implementations of 21st century skills assessment

Approach

Assessing 21st century
skills through conven-
tional methods that are
commonly used for tradi-
tional learning domains
(e.g., numeracy and
literacy).

Program/project

International Civic and Citizen-
ship Education Study (ICCS;
Schulz et al., 2016)

Example implementations

Description

Survey consisting of a cogni-
tive (or knowledge) test and an
affective-behavioral question-
naire. The cognitive test uses
multiple choice and open-end-
ed response items. The ques-
tionnaire is composed mainly
of Likert-type and categorical
response items.

Target 21st century skill/s

Civic knowledge, attitude and
engagement, and behavior
related to citizenship

Embedded assessments
that are woven into the
fabric of the learning
environment. Mainly
using conventional mea-
surement methods (e.g.,
multiple choice items)
but the environment and
format are augmented
by technology.

SimScientists (Quellmalz, et
al., 2009)

A platform that combines sci-
ence lessons with embedded
assessment.

Presented in a digital slide-
type format with some ani-
mation and interactivity. The
assessment components are
embedded as multiple choice
items with automated scoring
and feedback.

Content-based (science) criti-
cal thinking

Finite state systems and
tasks with fixed manip-
ulable elements and
interactions among the
elements (e.g., sin-
gle-player digital games
with fixed interactive
elements).

MicroDYN (Greiff, et al., 2012)
and MicroFIN (Funke, 2001)

A set of tasks done in a digital
environment where players
manipulate multiple variables
to solve a complex problem.
An example task for MicoDYN
requires participants to manip-
ulate variables for advertise-
ment strategies to maximize
the popularity of several target
products.

Complex problem solving

(a multidimensional construct
composed of three dimen-
sions: information retrieval,
model building, and forecast-

ing)

Game or task based
assessments with open
or flexible state systems
that capture, collect and
analyze background
process data®.

Although the manipu-
lable elements in the
environment are fixed,
the interactivity across

the elements and players

is non-finite.

Assessment and Teaching of
21st Century Skills (ATC21S;
Griffin & Care, 2015)

Pair-based set of tasks done
in an asymmetric digital
environment where players
interact with each other to col-
laboratively solve a problem.
The environment is designed
so that the task cannot be
solved by one player alone
(i.e., allocation of resource
and information are asym-
metric) and therefore requires
both players to work together.
Both players can manipulate
the task elements and act
within the task environment
openly and flexibly.

Collaborative problem solving
(a multidimensional construct
composed of cognitive pro-
cesses and social processes
dimensions)
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* What is the purpose of measuring 21st century
skills?

» What are the specific challenges to measuring 21st
century skills?

+ What are the implications of 21st century skills
assessments for data use and reporting?

« How can the skills be assessed in such a way that
results are meaningful and useful for various stake-
holders?

This publication explores these questions and de-
scribes how data from 21st century skills assessment
can be used and interpreted in terms of learning
outcomes to inform teaching and learning.



What are the
major functions
of assessment?

Assessment has various purposes, and therefore,
should be intentionally designed and used in a way
that is consistent with the intended purpose. For
instance, assessments can be used for formative or
summative purposes or both. Specifically, formative
assessment may be conducted at the beginning as
well as throughout the teaching and learning process
with the intent to identify, monitor, and improve student
learning through ongoing feedback. Formative as-
sessment, due to its function, is typically undertaken
by the teacher who administers, evaluates, and uses
the information—such assessment is invariably class-
room-based.

On the other hand, summative assessment, such as
a mid-year or end-of-year examination, is typically
conducted at the end of a unit, lesson, or program
to evaluate student learning by comparing against
some standard or benchmark. Summative assessment
is used by a wide variety of stakeholders, and may
be classroom-based or undertaken in larger scale
contexts. For instance, summative classroom-based
assessments will typically be used to measure
achievement; larger scale contexts assessments will
provide information for use by educational leaders or

policymakers to evaluate systems or obtain information
about whether standards have been met. Common
across summative classroom-based and larger scale
contexts assessment is the provision of achievement
data by the student. This means that a single type

of assessment may have the potential to be used for
multiple purposes.

As such, the terms ‘formative’ and ‘summative’ are
less about the type of assessment and more about
the functions they serve; in practice, the distinction
between the two may not be clear or even meaningful
(Newton, 2007). The focus, therefore, when designing
and using assessments, should be less about the type
and form of assessment and more about the functions
they serve.

In summary, assessments can serve various functions:
supporting instructional improvement and promoting
student learning in the classroom; providing evidence
for accountability review at the classroom, school, or
provincial/national levels and monitoring system per-
formance. Each of these functions is discussed below,
with specific reference to 21st century skKills.
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TEACHING AND LEARNING IN THE
CLASSROOM

The primary purpose of classroom teaching is to
improve student learning. This can be supported
through using assessment results to provide effective
feedback to students; adjusting teaching to consider
results; and actively involving students in their own
learning and assessing (Black & Wiliam, 1998). Both
formative and summative assessments can be used
to improve learning, but they differ mainly in scope.
Formative assessment is a continuous process, while
the scope of summative assessments is linked with a
specific learning objective.

Whether assessment is able to improve learning, how-
ever, is related to the quality of the data and how well
the information is used to feed back into the teaching
and learning. Issues include:

» classroom-based assessment practices can lead to
surface and rote learning that focuses on recall of
isolated information or test-taking strategies (e.g.,
teaching to the test);

» overemphasis on the outcome of the assessment
(e.g., grades) rather than on learning;

» use of normative rather than criterion-referenced
approaches to assessment, placing the focus on
rankings rather than on determining each student’s
learning progress.

Current assessment practices reflect uneven imple-
mentation and embedding of 21st century skills in the
teaching and learning process. In some education
systems where 21st century skills have been spec-
ified or are at least implicit in the curricula, there is
some evidence of formal teacher training on develop-
ing assessment tools and using assessment data to
improve teaching (Asia-Pacific Education Research

Institutes Network, 2015). In a study of nine countries
in the Asia-Pacific region that examined assessment
policies and practices of 21st century skills, or trans-
versal competencies (TVC) as referred to in the study,
teachers from nine countries indicated that they had
some access to TVC assessments (Care & Luo, 2016).
The teachers reported that information generated from
the tools was used by them both formatively and sum-
matively. Despite the reports from this qualitative study;,
details of actual implementations remain unclear in
terms of how teachers are using data from 21st cen-
tury skills assessments to inform their teaching and
learning practices.

To have a better understanding of the broad picture
regarding the current state of skills assessment, not
only in these countries, but across the region, a 2018
study with eight Asian countries/territories (Bhutan,
Cambodia, Hong Kong, Malaysia, Mongolia, Nepal,
Pakistan, and Vietnam) examined examples of cur-
rently existing assessment tasks, tests, and test items
related to TVC in these participating studies, both

at the national and classroom levels (Care, Vista &
Kim, 2018). Findings show that the most common

(and only) functions for national level tools that were
provided by the eight countries/territories were for
accountability purposes and summative reporting at
the systems level. Classroom-based tools, on the other
hand, were reported to be used for both summative
and formative purposes, ranging in formats, such as
open-ended questions, rating scales, and multiple
choice items, and captured various TVC, including
critical and innovative thinking, global citizenship, and
interpersonal skills. However, a majority of these tools
and items were not developed specifically to mea-
sure the targeted TVC. Of the 58 total tools and items
contributed by the countries/territories, less than a
quarter were identified as being specifically designed
to capture TVC. Although the study highlights the fact
that countries are beginning to identify opportunities in
their current education systems for assessment of TVC
that are more in line with changing education goals,



it is not clear that assessment data are actually being
used for teaching and learning in the classroom.

Challenges in using data for teaching and learning
21st century skills in the classroom are, in part, related
to the fact that an explicit focus on these skills at the
national level is relatively new. Consequently, there may
be lack of technical understanding of how to integrate
assessment activities and use the information (Care &
Luo, 2016). A major teacher training and professional
development need is to build the capacity of teachers
to teach and assess 21st century skills (Saavedra &
Opfer, 2012). In Singapore, with the idea that “21st
century learners call for 21st century teachers,” a
model of teacher education for the 21st century was
developed with a strong intention “to provide teachers
with the best support for their work in 21st century
classrooms” and develop the necessary skills, atti-
tudes, and depth and breadth of content knowledge
(National Institute of Education, 2009). These efforts
to build teacher capacity and invest in high-quality
professional development are essential if 21st century
skills are to be the focus of education systems.

Another issue may be misalignment or lack of clear
signaling between what is identified at national policy
level and what is happening in schools and class-
rooms. According to the previously mentioned study

in the Asia-Pacific region, at the system level, Hong
Kong, India, Malaysia, Mongolia, Republic of Korea,
Thailand, and Vietnam reported that they had conduct-
ed in-service teacher training on assessment of these
competencies (Care & Luo, 2016). But at the school
level, not all school leaders were aware of system-level
mandates on TVC assessment, and there was variabil-
ity across countries and schools within these countries
as to whether teachers were informed of the policy
(Care & Luo, 2016). Some teachers are not receiving
guidance or materials regarding 21st century skills
assessment, which may indicate a lack of consistent
implementation within countries.

MONITORING AND ACCOUNTABILITY

Assessment can be used to monitor how a system is
performing and evaluate its quality or effectiveness,
which in turn serves to make or influence decisions.
For example, national assessment results can be
used to provide information about how students are
performing against standards and whether they have
met some basic level of proficiency; data from na-
tional assessments can be used to guide resource
allocation and target underperforming schools. These
are primary functions of national assessments, and a
major focus of ministries when they implement national
assessment (Greaney & Kellaghan, 2008). Interna-
tional large-scale assessment (ILSA) programs such
as TIMSS and PISA also serve this function. However,
because national assessments are directly linked with
national education policy and key aspects of a coun-
try’s educational system such as the curriculum, while
ILSA are more broad-based, each of these large-
scale assessments varies in the role they can play in
monitoring and accountability (Kellaghan, Greaney, &
Murray, 2009).

When it comes to monitoring and accountability in the
context of 21st century skills at the systems level, there
is very little evidence that much is happening. Ac-
cording to a global scan of available online education
policy documents conducted by Care, Anderson, and
Kim (2016), countries across the world are increas-
ingly identifying a variety of 21st century skills, such
as critical thinking, creativity, social skills, communi-
cation, problem solving, and digital literacy, as valued
outcomes of formal education learning experiences.
In fact, in the most recent update in August 2017 that
included over 150 countries (Figure 1; see http:/skills.
brookings.edu for a complete list of countries and
data), 76 percent identify specific 21st century skills
within their national policy documents. Despite the
emphasis on 21st century skills, this has not translated
into clearly defined implementation plans, descriptions
of appropriate teaching strategies, or development of
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well-designed assessment tools. The issue may be the
(lack of) depth and consistency with which countries
are integrating these skills throughout their education
system. For example, although a majority of the coun-
tries (117 countries out of 152) in the scan identified
specific 21st century skills in their documents, 53 of
these countries only do so in their mission and vision
statements or general documents but not in their cur-
ricula; 58 countries reference skills in their curricular
documents but do not show evidence of progressions

countries may be just beginning to think about and
develop approaches to measuring 21st century skills.

Without these learning outcomes being specified
clearly in curricular documents, as well as more
broadly at education policy level, there can be no
monitoring of student progress in skills acquisition.
All assessment requires a framework if assessment is
to provide meaningful information linked to curricular
goals. These frameworks set the overall structure of

Identification of 21st century skills in education policy documents around the globe

@ Not included in research

[ Mission/vision statements

of the skills from basic to more complex over time; and
only 17 countries, such as Australia, Mexico, Singa-
pore, and Namibia, include skills progressions within
their policy documents. These findings suggest that

10

@ Curriculum documents

[J No evidence at any level
| Skills progression

the assessment program, which are then operational-
ized more specifically through assessment/test design
blueprints. Although many countries are mentioning

the need for skills acquisition and development, while



others are identifying opportunities within the curric-
ulum to develop these, there are few countries and/
or provinces that are providing sufficiently detailed
descriptions of student performance associated with
21st century skills, to enable assessment tools to be
developed to capture these. Table 2 provides a list of
countries and provinces that include detailed descrip-
tions of student performance—or learning progres-
sions—relating to 21st century skills. Although these
countries have identified progressions or the concept
of progress in their policy documents, the degree

or depth at which these are specified vary across
countries. Naturally, the identification itself does not
imply that these policy goals are translating into actual
practice in schools and classrooms.

To fulfill the monitoring and accountability function of
assessment, which is to provide information of perfor-
mance against standards, an assessment framework
specific for 21st century skills is crucial. Systems that
implement assessment programs for 21st century
skills more formally, for example through a national
program, need to have frameworks that explicitly es-
tablish what such an assessment program intends to
measure and how the assessment will be structured.
Although assessment frameworks specific for 21st
century skills exist, such as the assessment framework
for International Computer and Information Literacy
Study (ICILS; Fraillon, Schulz, & Ainley, 2013), this is
not yet the case at the national systems level.

Countries/provinces and their status for inclusion of learning progressions of 21st century skills in policy

documents

Country/Province

Examples of Focus Skills

Presence of 21st Century Skills Progressions

Australia Literacy, numeracy, ICT, critical and The curriculum is presented as a progression of learn-
creative thinking, personal and social  ing from Foundation to Year 10 that describes what is
capability to be taught and the quality of learning expected as

learners progress.

Brazil Communication, literacy, reflection, Subject areas are broken down into objectives, which

collaboration, critical thinking, life

skills

are ranged across four basic domain areas and
across each year in school, progressing as students
advance in school.

Canada (Ontario)
communication, collaboration

Critical thinking, problem solving,

Ontario’s curriculum includes skills as outcomes for
each subject area and describes skills expectations
within those subject for learners at each grade level.

France

Rational and critical thinking, problem
solving, creativity, communication

The curriculum is separated into cycles that focus on
these skills as they progress from basic knowledge
and learning to more consolidated and in-depth
learning.

China (Hong Kong)

Collaboration, creativity, information
technology skills, problem-solving

The curriculum outlines expected outcomes for
students in specific areas and lists specific progres-
sion of skills that are expected within the key learning
areas.

Iceland

Communication, creative and critical
thinking, using media and information

The Icelandic National Curriculum Guide maps
progressions of the specific skills students need to
develop and how these skills progress over time.

1
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Kuwait Communication, critical thinking, Eight key competences cut across all subject areas.

teamwork, self-evaluation, numeracy The curriculum materials are presented by subject,
and each subject lists key competency targets for
students at the close of each grade level.

Mauritius Civic skills, critical, creative and inno-  The curriculum demonstrates a progression of stages
vative thinking skills, communication within the education system, from foundation to con-

solidation to orientation.

Mexico Critical thinking, problem solving, There is evidence of skills progression in the curricular
creativity, collaboration, digital skills proposal, which indicates the key curricular compo-

nents and their sub-areas across basic education
grade levels.

Namibia Learning to learn, social skills, com- Phase competencies, the different levels to be
munication, information and commu-  attained in each learning area by the end of each
nication technology phase, are broken down into detailed statements of

what is expected that the learners understand and
can do as they progress.

Peru Social skills, entrepreneurship, com- The Ministry website has a specific section entitled
munication “How they learn” where details about skills progres-

sion at each education level are provided.

Philippines Information, media and technology The curriculum is conceived as a spiral progression to
skills, learning and innovation skills, ensure integrated and seamless learning. Each sub-
communication ject area demonstrates how higher levels of schooling

build upon competences developed at lower levels.

Rwanda Critical thinking, problem solving, The curriculum includes profiles of student competen-
communication, cooperation, life skills cies at the end pre-primary, primary, and secondary

school to capture student progress.

Scotland Communication, critical thinking, The curriculum describes progressions of achieve-
problem solving, creativity ment for learners within each of the eight subject area.

Each subject area also has a desired set of skills
outcomes.

Singapore Critical thinking, civic literacy, collab-  Subject-specific syllabi provided online describe

oration, communication

expected progressions for learners based on how
students at various stages think, develop, and learn.

South Africa

Social skills, creativity, problem solv-
ing, critical thinking, communication

Curriculum documents describe the specific skills and
content at each grade level, and defines progressions
across different levels of school.

United Arab Emirates

Creativity, confidence, critical think-
ing, problem solving

The UAE Student Profile references holistic education
systems as models and lists thematic, progressive
targets for students by the end of each cycle.

There are of course significant challenges in achieving
this function for 21st century skills, which cannot be

ity, one main challenge is that the complex nature of
21st century skills requires complex assessment tools

that might not lend themselves easily to the restrictions
of large scale assessment. The level of information
detail required at national or systems level is much
narrower than at classroom level. At the systems level,

overstated. Designing and implementing any assess-
ment program for the purposes of system monitoring
and accountability is complex even for conventional
domains. In the context of monitoring and accountabil-

12



only key information might be needed, which may
consist just of a subset of the level of information
needed in a classroom assessment. For example,
although an assessment might capture multidimen-
sional constructs (e.g., MicroDYN), the systems-level
purpose might require only the information on the
overarching construct (in the case of MicroDYN, just
a score on complex problem solving). There is a case

for a bottom-up scaling where classroom assessments
are “trimmed” of some functionality, when adopted for
national use; as opposed to an approach of having
the tools designed for national use be expanded to
capture more detailed information for classroom use.
The challenge, though, is in determining how to ensure
alignment and the right level of information reaches
the different levels of education.

13
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The context and
ourpose of 21st
century skills
assessment

Current assessment systems tend to focus on aca-
demic subject area, numeracy and literacy, and stu-
dents’ recall of factual knowledge. Most assessments
tend to be static in nature, providing “snapshots” of
achievement at specific points. When it comes to 21st
century skills like problem solving or collaboration,
these traditional assessment formats (e.g., multiple
choice tests) are less likely to sufficiently capture
student ability to engage in complex processes, such
as being able to apply what they have learned in one
situation to a completely new situation. Therefore, if
assessments are to advance the learning and teach-
ing process, they need to provide useful and reliable
information about what is it that students are learning
and how they are progressing toward mastering their
educational goals (Schoenfeld, 2017).

14

PROVIDING INSIGHTS INTO
THE TEACHING AND LEARNING
PROCESSES

Despite reform efforts to include a broad range of
skills in their national education systems, one of the
biggest challenges for ministries of education is im-
plementing the teaching and learning of these skills in
the classroom (Care et al., 2016). One potential way
to overcome this challenge is for a shifting of norms to
occur, where instructional practices are adaptive and
where teachers continually seek evidence on where
students are in their learning, what problems they may
be having, what should come next in their learning if
they are to reach the goals, and responding to student



learning state through use of a variety of pedagogi-
cal approaches and scaffolds (Corcoran, Mosher, &
Rogat, 2009). If, as is asserted by Black and Wiliam
(1998), assessments inform teachers about how the
nature of student learning can enhance instructional
practices, investing in designing transparent assess-
ments of 21st century skills can provide valuable
insights into the teaching and learning processes.
Teachers do understand students’ learning and de-
velopment based on information derived from conven-
tional classroom assessments. Detailed examinations
of learning progressions test, validate, and extend
the sequence of skills so teachers and parents have
better understanding of how learning and skills devel-
op over time. There is a caveat, however, that learning
progressions are broad in nature and individual-level
variation requires teachers to be adaptive.

Learning can be envisioned as a development of un-
derstanding and skills, which becomes progressively
more sophisticated. Over the past several decades,
the concept of learning progressions has been gain-
ing momentum as a tool for assessment, teaching,
and learning (e.g., Heritage, 2008; Hesse et al., 2015;
National Research Council, 2001). Learning progres-
sions have been defined as “descriptions of succes-
sively more sophisticated ways of thinking about an
idea that follow one another as students learn: they
lay out in words and examples what it means to move
toward more expert understanding” (Wilson & Ber-
tenthal, 2005, p. 3). Learning progressions, which are
empirically grounded and testable hypotheses of how
students’ understanding become more advanced over
time (National Research Council, 2007), provide a
carefully sequenced set of building blocks that move
the student toward mastery of the goal (Popham,
2007).

Conceptually, learning progressions can enhance
assessment and instructional practices by specifical-
ly identifying what students know or do not know at
particular points along a learning trajectory and using

this information to make instructional adjustments to
scaffold students as necessary. The concept and ap-
plication of learning progressions is not new. Learning
progressions have been developed for a variety of
subject areas, including English language arts, mathe-
matics (Clements & Sarama, 2007; Hess, 2010; 2011),
and science (Corcoran et al., 2009; Mosher, 2011). For
example, a learning progression for understanding
patterns, relations, and functions in mathematics class
may entail: at a basic level, using “concrete, pictorial,
and symbolic representations to identify, describe,
compare, and model situations that involve change;”
at mid-level, describing and comparing “situations
that involve change and use the information to draw
conclusions...;” and at a more complex level, “ap-
proximate, calculate, model, and interpret change...”
(Hess, 2010, p. 15). At a national level, learning pro-
gressions have been used to create norms and stan-
dards for performance. For instance, Australia uses
learning progressions for literacy and numeracy that
identify the processes and the knowledge, skills, and
dispositions involved along a continuum from the basic
level to more complex levels (Australian Curriculum,
Assessment and Reporting Authority [ACARA], n.d.).
By describing common pathways for acquiring spe-
cific aspects of literacy and numeracy development,
teachers can have a better understanding of where
students are currently in their learning and where they
need to go next in their development. To use literacy
as an example, comprehending texts is identified as
one of the sub-elements of literacy. A student at the
lowest level is expected to “use behaviours that are
not intentionally directed at another person to attend
to, respond to or show interest in familiar people, texts,
events and activities.” A student at a middle level is
expected to “use conventional behaviors and/or con-
crete symbols consistently in an increasing range of
environments and with familiar and unfamiliar people
to respond to a sequence of gestures, objects, pho-
tographs...to complete a task, respond to texts with
familiar structures..., and respond to requests.” Finally,
at the highest level, students are expected to “use
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conventional behaviours and/or abstract symbols con-
sistently in different contexts and with different people
to work out the meaning of texts with familiar struc-
tures...respond to questions, sequence events and
identify information from texts with familiar structures,
and use information in texts to explore a topic.”

But, the hypothesized progressions that describe the
pathways students are likely to follow are unclear for
most 21st century skills. For instance, what are the
subskills that are needed for collaboration? What does
a basic level of collaboration look like? What about
more complex forms of collaboration? Attempts at
developing learning pathways have been focused

on very few 21st century skills that have theoretical
support from large bodies of literature. Critical think-
ing, creativity, and problem solving have been mea-
sured in various ways for decades, but it was relatively
recent that empirically-based learning progressions
have been developed for more complex skillsets (e.g.,
collaborative problem solving in ATC21S and complex
problem solving in MicroDYN). Among ILSAs, it was
only in 2012 that creative problem solving was as-
sessed in PISA (OECD, 2014), and in 2015 that PISA
assessed collaborative problem solving.

Assessment is “a tool designed to observe students’
behavior and produce data that can be used to draw
reasonable inferences about what students know”
(Pellegrino, 2014, p. 236). Thus, measuring 21st cen-
tury skills has the potential to elicit information about
what these skills entail, what their building blocks are,
and how the learning of these skills might progress,
which in turn, can provide insights into the teaching
and learning of these skills in the classroom. More-
over, the information can be used in conjunction with
relevant theory and research about how students learn
skills to support the development of learning progres-
sions specifically for the skills. This could help address
the challenges related to implementation and result

in clearer links to the teaching and feedback that is
needed to enable students to learn; reference points
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for assessing students’ levels of progress and problem
areas that need support; and in the long run, inform
the design of curricula that are well-aligned with what
students need to learn within and across different
grade levels to progress to more sophisticated forms.

ALIGNING THE SYSTEM

Teaching and learning occurs within a whole educa-
tion system—across multiple levels, including class-
room, school, and nation. Aspects of learning that are
assessed and emphasized in the classroom should be
consistent with the aspects of learning that are target-
ed and assessed at the school and national levels—a
concept referred to as vertical coherence (National
Research Council, 2001). The level of information gath-
ered from large-scale and classroom assessments
may be different—for instance, in large-scale assess-
ments, the understanding of learning may be coarser,
whereas in classroom assessments, the information
may be at a finer-grained level. Regardless, assess-
ments within a system, as mentioned above, should
provide aligned information across the different levels
of education, so that results are consistent, albeit more
or less detailed, as one moves up and down the levels
of the system (National Research Council, 2001).
Assessment must also be well-aligned, and ideally
seamlessly integrated, with curriculum and pedagogy,
so that the components of the education system are
working toward a common set of educational goals—a
concept referred to as horizontal coherence (National
Research Council, 2001). Conceptually, this means
that the goals outlined in the curriculum are fully mea-
sured, without adding irrelevant aspects; and instruc-
tion should match both the goals and the measures
(Baker, 2005).

Given that 21st century skills assessments are rela-
tively new, their usefulness and sustainability relies on
the alignment and integration within existing national
systems, rather than seen as something separate.
Systems are not static and will shift as values, goals,



resources, and times change (Baker, 2005), requiring
continual re-alignment. When the goal is concise and
specific (e.g., walking), with a clear criterion identified
(e.g., walk 15 steps), the goal, instruction, and mea-
surement is likely to be consistent. Alignment can be
difficult to achieve when the education goals are broad
and general, and when there is an issue of transfer-
ability to different contexts and situations, as is the
case for 21st century skills (Baker, 2005).

However, a focus on 21st century skills, which cuts
across subject areas, could serve as a common
underpinning to which the system would align. This
would mean that the definitions and examples of these
skills in different subject areas would need to be clear

and explicit, which poses a challenge due to their
complex nature. For instance, what would “be able to
identify a problem,” an important subskill of problem
solving, look like in a mathematics class for 8-year olds
compared to a language and literacy class for 11-year
olds? Or, more specifically, what would it look like for a
geometry word problem compared to when analyzing
a literature passage? And, what are the learning path-
ways for these skills within and across grade levels?
Achieving both vertical and horizontal coherence re-
quires going beyond existing standards that establish
what students should learn to a deep understanding
of the skills themselves, as well as how students learn,
in ways that will be useful for guiding instruction and
assessment (National Research Council, 2001).
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What are

the specific
challenges to
measuring 21st
century skills?

The focus on assessment of 21st century skills is
increasing as education systems are broadening their
educational goals. These skills are complex and their
application to real-world situations is more important
(in the context of teaching and learning) than their
abstract conceptualization. Measuring 21st century
skills is substantively different from measuring con-
ventional learning domains such as numeracy and
literacy because these skills emphasize what students
can do with the knowledge they have acquired, rather
than what that knowledge is. Because 21st century
skills are comparatively more complex, non-routine,
and dynamic, the measurement process needs to
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take into account their application in real-life and
non-familiar situations. For example, although numer-
acy skills can be measured in a very abstract manner
(e.g., using test items that require solving equations),
critical thinking skills may require tasks that elicit argu-
mentation while being situated in a real-life scenario
(Kuhn, 1992). Also, the skills are interdisciplinary and
comprised of multiple interrelated elements. When it
comes to subject areas such as literacy, numeracy,
and science, there are learning progressions that
describe the pathways students are likely to follow in
their mastery of the specific subject area (e.g., Nation-
al Research Council, 2007). This sequence of learning



identifies the essential concepts and skills that are be-
ing developed, as well as the expected behaviors and
outputs that exemplify what students know and are
able to do for each level of progress. There are exam-
ples of what this looks like for 21st century skills, such
as the learning progression in civic knowledge for
ICCS. However, many socio-emotional constructs re-
main elusive to define, not to mention developing clear
learning progressions for them. Thus, while learning
progressions exist for civic and citizenship knowledge,
there is still no defined developmental progression for
attitude and engagement in ICCS (Schulz et al., 2016).

For some educational skills, there is a strong and
direct link between observable behaviors that are
captured by the proxy measures* and the target con-
struct or skill. As such, the proxies serve as accurate
indicators of the skill. However, as the skill becomes
more complex, simple indicators become increasingly
inadequate for capturing the volume of information
that would be associated with increasing complexity of
the construct. In other words, deciding on the indica-
tors that operationally define the levels of increased
understanding along the progression toward mastery
is difficult.

ASSESSMENT DESIGN

In order to be useful, assessment tasks must be de-
signed in such a way that the results provide evidence
linked to student learning and can be used to make
inferences and decisions (Pellegrino, 2014). Because
the components and processes underlying 21st cen-
tury skills are interrelated and complex, how they are
considered in assessment design and scale develop-
ment is a major challenge. Implementing assessments
that are not well designed can conflict with curricular
goals and undermine progress towards meeting them
(Schoenfeld, 2017). If a complex skillset is underrep-
resented in an assessment because of the challenges
in measuring it precisely, then tests may only assess
fact-based information. This would have long-term

repercussions for meeting larger educational goals.
Assessment tasks need to be designed in a way that
allows learners of different ability levels to engage in
the complex processes. This requires a systematic ap-
proach that deconstructs the skills to make more ac-
cessible the capture of specific sub-skills, or elements.

Capture of elements is an approach to minimize the
problems in development of assessment tasks intend-
ed to measure the complex skill. Where a skill is in fact
not unidimensional, then traditional test development
approaches become limited because complex skill
sets, traditionally represented by composite-score
scales in classical test theory approaches, are better
measured using more modern approaches such as
item response modelling (Hambleton & Jones, 1993).
Tests that rely on developmental continua, according to
Shepard (2018), should be based on well-conceptual-
ized constructs as well as empirical evidence and de-
velopment work to build learning progressions. These
can be used to ensure that there is coherence among
curriculum, instruction, and assessment (i.e., horizontal
coherence; National Research Council, 2001).

Another challenge has to do with the fact that these
skills are generic and transferable, essentially do-
main-general. However, if assessments are to reflect
real-life demands, the role that content knowledge
plays (if any), needs to be taken into account. For in-
stance, solving a complex problem in science requires
an understanding of the relevant scientific content
knowledge. One approach to assessment could be to
provide the needed information as part of the as-
sessment; another would be to assume that complex
thinking cannot be isolated from the content knowl-
edge; and thus, assessment of 21st century skills
would include generic skills as well as specific content
knowledge (Ercikan & Oliveri, 2016). This poses the is-
sue of whether 21st century skills can be disentangled
or isolated from domain-specific knowledge, or even
whether an attempt should even be made (Ercikan &
Oliveri, 2016)—and what might this mean in terms of
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generalizability of the skills to different contexts. When
tasks embed content knowledge, to what extent is stu-
dent performance on the task reliant on the student’s
domain-specific knowledge rather than on the generic
competencies, such as complex thinking or problem
solving? To what extent does student performance on
one task within a specific domain generalize to tasks in
other content knowledge areas? These questions have
implications for the validity of assessments of 21st
century skills.

VALIDATION ISSUES

We note that validation is not about a measurement
variable or even the measurement tool per se but
rather about the interpretations we derive from the
measurement process. As Cronbach and Meehl point
out in their classic paper, “one does not validate a test,
but only a principle for making inferences” (Cronbach
& Meehl, 1955, p. 297). This is consistent with the view
expressed by Messick (1990), that validity is not an
inherent property of the measurement tool itself, but
rather a body of evidence for the “empirical evaluation
of the meaning and consequences of measurement”
(p. 2) implying that there is no single metric for validity.
This means that several criteria for validity provide the
degree, rather than a definite valid-invalid categori-
zation, to which the interpretation of a test result is
appropriate for its intended purpose. This highlights
the importance of validation but also emphasizes that
it is a process where the aim is to improve along a
continuous scale.

Although these validation issues can apply to any as-
sessment tool, some are more relevant in the context
of assessing 21st century skills. First, establishing
construct validity—how well the assessment measures
what it is intended to measure—is challenging when
working with complex constructs, with no clear op-
erational definitions of the skills. A related challenge

is in establishing the set of standards which can be
accepted as evidence for whatever inferences we
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make related to the target construct. Standards must
be defined before the validation process as to “avoid
substituting a posteriori rationalizations for proper vali-
dation” (Cronbach & Meehl, 1955, p. 300). This means
that the validation process has to be incorporated

in the design of any measurement tool, especially if
the target construct is new or not yet well established
in the research community. Second, the role of con-
tent-specific knowledge in the assessment of 21st
century skills poses potential issues for external valid-
ity, or the generalizability of inferences about student
competencies in one content area to other content
areas and, more importantly, to real-life situations
(Ercikan & Qliveri, 2016). For instance, if a student can
think critically about a particular literature passage,
does that mean that the student is able to think critical-
ly about local or national political issues? Part of the
issue here is in developing assessment tasks that can
provide an indication that what a student is able to do
is, in fact, domain general, rather than domain specific.
Otherwise, there is a danger of over-generalizing the
outcomes of the assessment. Once the fundamental
issues of validity are addressed, other aspects of the
validation process can be investigated. For example,
cross-cultural validity—whether the definitions of the
constructs are similar in different cultures or wheth-

er the skills develop in a similar manner in different
cultures—may pose issues depending on the purpose
and use of the assessment. Cross-cultural validity is
an important issue especially for assessments of so-
cio-emotional attitudes and behaviors. ILSAs that focus
on these constructs, such as the ICCS, take these is-
sues seriously and design their tools to take cross-cul-
tural differences into account (Schulz et al., 2016).

For any measuring process, there is always some
measurement error. The amount of error is magnified
particularly in situations where the measurement is by
proxy. This is often the case in education where direct
measures are very rare. This is true of 21st century
skills where sets of observable indicators (e.g., active
communication, responding to prompts) act as proxies



for more complex constructs such as collaboration.
The complexity of 21st century skills further magnifies
the errors associated with their measurement. The
consequence of greater error includes less precision
of measurement, and associated issues with develop-
ing benchmark levels (e.g., cut-off scores that deter-

mine a minimum proficiency level) and interpreting
results—especially for students that are close to the
cut-off values. This is less of an issue for aggregate
data use but becomes important when individual-level
decisions are being made.
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What are the
implications of
271st century
assessments for
data use ana
reporting?

Assessment is increasing in education, and more data
are being collected—for instance, as a result of imple-
menting continuous assessment practices (Modupe

& Sunday, 2015). Continuous assessment—assessing
frequently--is the purposeful way of observing and
documenting the work that students are engaging in
and using the information collected to understand and
extend their learning (Carlson, Humphrey, & Reinhardt,
2003). But, how are the data reported and used? How
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data are reported is related to what it can and will be
used for. For example, assessments that report one
number, as a score or rank, may provide a summary
of the level of achievement, but will be of little use for
identifying what the student knows and is ready to
learn next. On the other hand, assessments that report
scores for each component or sub-area, as well as
describing with “words and examples what it means
to make progress or to improve in an area of learning”



(National Research Council, 2001, p. 137), may be
useful for teaching and learning but may be too granu-
lar for informing national level policies.

It is relatively recent that the research community start-
ed to take a closer and serious look at issues related
to data use and data-driven processes specific to 21st
century skills assessments. The current state of data
use remains patchy as can be expected given that
sources of 21st century skills assessment data are
relatively sparse. As demonstrated by the Care Vista &
Kim NEQMAP (2018) study, there is potential in nation-
al education systems, at least in the participating eight
Asian countries, to extend current assessment ap-
proaches to include assessment of 21st century skills
at the national and school levels; yet, the evidence
shows that tools developed specifically to capture
these complex skills are lacking. Instead, they happen
to be embedded in assessment of traditional aca-
demic domains, which means that data are not being
captured for 21st century skills even when the items
do tap into the skills. Despite shifting education goals
and a desire to equip students with a broad range of
competencies that can be transferred and applied

to real-world situations, much of the attention is still
directed towards academic subject areas. However,
we can reasonably expect that data use will remain
uniform across domains, whether they are traditional
or fall under the 21st century umbrella. We examine
current practices and how these would be affected as
practices evolve when applied to the assessment of
21st century skills.

CURRENT PRACTICES OF DATA USE
AND REPORTING IN EDUCATION

Systematic and large-scale data use in education
only emerged in the last few decades, and has been
particularly visible through the proliferation of interna-
tional large-scale assessment programs. Test-based
accountability systems (Marsh, Pane, & Hamilton,

2006) have formalized data-driven decision making
(DDDM) frameworks which involve: data collection
and organization — information analysis and summary
— knowledge synthesis and prioritizing — decision
making — implementation, and — impact evaluation,
in an integrated cycle (Mandinach, Honey, & Light,
2006). The advantage of such frameworks is the appli-
cability across levels of the educational system, from
classroom to district to national levels, as well as within
level. Education systems across the world have begun
to adopt a DDDM framework in varying degrees of
structural rigor, formality, and completeness but mainly
in the context of traditional or core learning domains.
Although the principles are substantially similar, there
are only a handful of applications of data-driven de-
cision making arising from 21st century skills assess-
ment and these are mostly in the developed world.

For example, the SimScientists program has been
rolled out across several school districts in the United
States where it was used to measure student prog-
ress against state standards and teachers have used
the data to adjust instruction (Quellmalz, Silberglitt, &
Timms, 2011).

In examining the current practices of data use and re-
porting in education, we focus on two aspects: 1) the
flow of data and 2) the role of data in decision-making.
These provide a base for exploring how these practic-
es evolve as assessment results increasingly include
data from 21st century skills assessments.

Flow of data in the current data use process

There is typically a lag between data collection and
data use in large-scale assessments, and so all con-
sumers of data adjust their use (or are constrained by
it) based on the amount of time that data processing
and reporting takes. For example, due to logistical
challenges and lengthy time requirements in sys-
tems-level data collection, the users of systems-level
data often use them for diagnostic or accountability
purposes rather than for interventions that would affect
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the data providers. Accordingly, when systems-level
data are used for instructional improvements, these
target the next cohorts of students. This type of data
use, common in ILSAs, may be contentious because
data from one assessment event, which reflects learn-
ing opportunities provided by the system at one point
are used to justify actions with different cohorts of stu-
dents at another time. Over time, it can be presumed
that opportunities provided by an education system
will vary according to budgetary variations, education
reform, etc.

On the other hand, individual or classroom-level data
that are collected and processed quickly are often
used for interventions that impact the sources of data
directly. Classroom-level data are also often primary
data (i.e., raw and individual level). If the primary data
are part of systems-level assessment, these are also
likely to be aggregated as the data move to higher
levels. Generally, the flow of data in this context is
towards increasing aggregation and separation from
the primary sources.

The flow of data can be separated into three main
phases. The first phase is data collection while the
second phase is data processing where raw data is

Flow of data across different levels of data use cycles

Classroom data
collection

Student-level
processing

Classroom reporting
and dissemination
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transformed in some way, whether through aggrega-
tion or analytical transformation. Processed data then
flows to the consumers of data in the third phase,
where data are used or processed further. Data report-
ing and dissemination occur in phase three. In most
situations, the flow follows a cyclical process, where
phases 1 to 3 occur during a cycle and repeat for
each new cycle.

However, the data or some subset can continue on to
a separate cycle. For example, within the classroom,
data can be collected as part of the formative assess-
ment cycle, but the same data can be aggregated

and processed as part of the district or sub-national
level cycle for accountability purposes. This flow is
illustrated in Figure 2, where the data in phase 2 of the
classroom-level cycle become part of phase 1 in the
sub-national level cycle. This flow, however, may vary
depending on the type and purpose of assessment. In
ATC21S, where both student-level and population-lev-
el data reporting and dissemination were possible,
results were processed at individual-level, and student
location (or ability estimate) along the measured skill
were reported in a learning progression format, while
averages of the latent trait estimate would be used
when reporting and disseminating population-level

Further (sub-national)
processing

Sub-national level
reporting and
dissemination

Aggregated data
collection



results. In ICCS, although latent trait estimates are
computed at individual-level (and therefore individual
results are technically available), only sub-national and
national-level results are reported because the assess-
ment program is a survey (i.e., sample-based design).

Role of data in decision-making and informing policy

Recent assessment reforms are beginning to expand
the role of assessment from traditional account-
ability and diagnostic roles to be more integrated

into instructional reforms. However, in terms of sys-
tems-level policy formation, large-scale educational
assessments at either national or sub-national levels
remain the primary sources of data. In cases where a
country participates in international testing programs
(e.g., PISA, TIMSS), data from these are also used in
policy formation to varying extents. Data from national
assessments are primarily used to inform policies that
lead to reforms in education system governance, cur-
riculum planning and implementation, and educational
financing.

While large-scale data provide systems-level pictures
of student outcomes and are useful in informing poli-
cies, their scale means that logistical constraints limit
their scope and timeliness. Small-scale data can be
targeted and therefore inform school-based policies
that affect individual instruction more directly. Forma-
tive assessments can also be more flexible and have
broader scope (i.e., target more domains) and can
evaluate near-term interventions better than large-
scale approaches.

EVOLVING PRACTICES OF DATA USE
AND REPORTING FOR 21ST CENTURY
SKILLS

Data use and reporting for 21st century skills are to
date limited. At the large-scale level, in part as a re-
sponse to the Sustainable Development Goals (SDGs),

the Programme for International Student Assessment
(PISA), an international survey from the OECD that
aims to evaluate education systems globally, has
implemented assessments of creative problem solving
(PISA 2012), financial literacy (PISA 2012 and 2015),
collaborative problem solving (PISA 2015), and global
competence (PISA 2018); and the International Civic
and Citizenship Education Study (ICCS 2016) estab-
lished an assessment of global citizenship intended to
provide internationally comparable indicators of civic
knowledge and engagement to inform policies and
practices (Schulz, Ainley, Fraillon, Losito, & Agrusti,
2016).

Although these large-scale assessments can raise
awareness of what skills may be valued at a global
level, there is emphasis on scores, ranking, and coun-
try comparisons. Additionally, the definitions of the
constructs have been developed by a small number
of “experts” rather than emanating from long-term
use and consensus. The issue of consensus around
understanding of these constructs is important, in par-
ticular because they are associated with values rather
than only cognitive domains. Another important issue
is the cross-cultural relevance of the definitions. There
are four issues currently with including these skills in
large-scale assessments:

1. lack of alignment of the skills with national learning
goals

2. cross-cultural acceptability

3. limited understanding of how to teach and skills as
an outcome of results from the assessment

4. limited understanding of what are acceptable stan-
dards for demonstration of the skills, meaning that
interpretation tends to be through comparisons with
other countries rather than through contemplation
of what is reasonable in each context.
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While educational policy relies on and is driven by re-
sults from a country’s national assessment programs,
results from ILSAs are strong motivators and often
drive high-level discussions among stakeholders (in-
cluding policymakers). Granted that these discussions
and enthusiastic calls-to-action mostly occur during
negative results in ILSAs, the four issues above remain
particularly problematic. Putting aside these problems,
international large-scale assessments could be used
strategically to emphasize the need to teach these
skills. However, the inherently lower levels of precision
currently accessible in the assessment of 21st century
skills, means that results should be treated with caution.

Where more fine-grained assessment information

can be generated and used, as in the classroom,
assessment of 21st century skills may be more useful
especially if skills are aligned at classroom level with
national learning goals, through the process of de-
veloping assessments using a bottom-up approach.
Rather than having centrally developed national-level
tests forced down to the classroom, it is worth consid-
ering an approach where classroom-based tests are
scaled to national use. Whether the skills are targeted
implicitly or explicitly in the classroom, engaging in the
assessment process of these skills can make teachers
better aware of how the skill is defined, thereby focus-
ing on teaching the skills more intentionally. Similarly,
students may become more aware of the importance
of the skills. Accordingly, compared to the other
purposes, assessments of 21st century skills may be
most appropriate for informing day-to-day instruction,
and could address some of the negative practices
associated with classroom-based assessment.

The process of how assessment data can be used is
summarized below:

1) Locate students along a learning progression and
identify gaps in achievement
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The ability estimates for each student’s perfor-
mance can be mapped onto a developmental
continuum that represents the range of competen-
cy on a skill, such that the student’s location can be
identified along a learning progression scale. The
student’s location along this scale is then reported
to the teachers.

2) Adapt instructional practices to individual needs
and inform instructional improvement

Various professional development models that

are based on developmental learning and evi-
dence-based approaches use student data for
individualized instruction. One such approach

has been developed in Australia for professional
learning teams where teachers, in small teams, use
student assessment data to set goals, plan tasks,
adjust or differentiate instruction as necessary, and
monitor individual student progress in the class-
room (Care, Griffin, Zhang & Hutchinson, 2014).

3) Track and communicate student progress

Tasks may be designed for formative use with fast
testing and reporting turnaround. This enables mul-
tiple and regular reporting cycles, with each cycle
providing an individual-level “Learning Readiness
Report” (see example in Figure 3) to track and
communicate student progress in a format that is
both informative and accessible to lay-people.

4) Inform data-driven decision making at classroom-
and school-levels

Student-level data can be aggregated and report-
ed at classroom-level through a class-level report
(see example in Figure 4). These summary data are
used by the teachers to group students for differen-
tiated instruction within their classrooms as well as
learn from each other in their professional learning



Sample Learning Readiness Report

N

Learning Readiness Report

Student Name: John Smith
Student Class: Grade X-XXX

Assessment: Learning Domain XXX

Level Skill progression pathway

Qualitative descriptor for a student at Level E. This
descriptor summarizes the skills and capabilities of
E students at this particular developmental stage of

learning.

Qualitative descriptor for a student at Level D. This

descriptor summarizes the skills and capabilities of

D students at this particular developmental stage of
learning.

Qualitative descriptor for a student at Level C. This

descriptor summarizes the skills and capabilities of

students at this particular developmental stage of

learning.

Qualitative descriptor for a student at Level B. This

descriptor summarizes the skills and capabilities of
B students at this particular developmental stage of
learning.

Estimated student location with
confidence interval

Qualitative descriptor for a student at Level A. This

descriptor summarizes the skills and capabilities of
A students at this particular developmental stage of
learning.
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teams to monitor which interventions work well. Ef-
fective interventions across the team’s classrooms
can then be generalized across multiple teaching
teams and eventually to the whole school.

In recent years, technology has increasingly been
used as a way to make assessment delivery more
efficient. Quite apart from quick turnaround of the
assessment cycle, the information—or process
data—that can be captured by computer-delivered
assessments can also be useful for exploring the
nature of skills (the underlying processes and sub-
skills) (Ramalingam & Adams, 2018). For example, the
process data in the ATC21S assessment project (e.g.,

Sample class-level report

interactions between student and the problem space
gathered through mouse movements; the number of
mouse clicks on a particular item; the time taken to
complete an item and the steps within each item) pro-
vide information that helps us to understand students’
thinking processes and engagement skills (Poysa-Tar-
honen, Care, Awwal & Hakkinen, 2018). This knowl-
edge can then be used to improve construct validity,
develop more comprehensive assessment that better
target the processes underlying 21st century skills,
and ultimately, allow for a deeper understanding of the
nature of these skills (Ramalingam & Adams, 2018).
This has important implications for the teaching and
learning of 21st century skills in the classroom.

// Class Report

/ Skill Level 1 Skill Level 2

Skill Level 3 Skill Level 4

f Student 001

skill Level 5 \

Student 002

Student 003

Student 004

Student 005

Student 006

Student 007

Student 008

Student 009

Student 010

Student 011

Student 012

Student 013

Student 014

Student 015

Confidence interval of location estimate

| Legend: -

\ T
N\ Student location
with respect to skill level
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General

orinciples

for using

assessment data

Data use practices will continue to evolve, but there
are current general and stakeholder-specific data use
principles that will remain relevant and applicable to
this emerging field of 21st century skills assessment.
These principles serve two main purposes: 1) provide
a framework for guiding best practices; and 2) de-
velop data literacy by synthesizing the best available
research on 21st century skills assessment and data
use. The following key principles are relevant for all
data stakeholders, whether they are collectors or con-
sumers of 21st century assessment data.

DESIGN DATA COLLECTION
PROCESSES THAT ARE ALIGNED
WITH PURPOSES AND AGENDA AT
ALL LEVELS

Closely related to this principle is the importance of
design to avoid redundancies among measures in
the same educational system, as well as checking
across various sectors (e.g., public-private, research,
corporate, academia, etc.) to avoid collecting new
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data when these may already have been collected.
Cross-sectoral coordination is crucial in the effort to
maximize the use of existing data. Reviews of as-
sessment systems in the developing world show that
the focus of systematic educational data collection is
often on national large-scale educational assessments.
These types of assessment are resource intensive and
often wasteful in terms of actual data use. In a review
of cost-benefit analyses, the costs of implementing
large-scale assessments can be as high as 80% of
the total assessment expenditures for developing
countries, often necessitating external funding sup-
port, and yet are only able to provide system-level and
not classroom-level indicators (Wagner, 2011). While
more applicable to ILSAs, the complexity of assessing
21st century skills has increasing cost implications,
making this key principle important in strengthening
the link between assessment results and policy chang-
es. Aligning data collection processes with purposes
and agenda ensures that cost-benefits are maximized.

The issue of timeliness is also a concern because the
focus at systems-level is on assessments that have
long data-collection cycles. This can cause a discon-
nect whenever policymakers change during the inter-
val between the start of an assessment program and
when its findings can inform policy (Care & Beswick,
2015). Again, the scope of this issue has been tradi-
tionally limited to ILSAs, but the scope has become
broader as 21st century skills are becoming integrated
into large-scale assessments (e.g., collaborative prob-
lem solving in PISA).

This alignment is also important to assessment data
specifically. Gipps and Cumming (2005) state that
“The key issue is around fitness for purpose” (p. 696)
in relation to use of assessment. In other words, differ-
ent assessment approaches serve different purposes,
and the approach must be aligned with the purpose.
For example, if the purpose is high-stakes, such as
tracking the performance of a system and making de-
cisions about policies, then a standardized, summative
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assessment that is high in reliability is important; if the
purpose is to provide ongoing feedback in the class-
room, the assessment approach would be different,
and a focus on reliability and standardization is less
important.

Each form and approach plays an important role
within the education system, and one type is not better
than another, but rather, the approaches need to be
aligned across the system and across multiple levels
(see Table 3) and complement (not substitute for) each
other, in order to meet the goal of enhancing student
learning.

ESTABLISH A CLEAR LINK BETWEEN
THE CAPTURED FORM AND THE
INTENDED REPORTED FORM OF DATA

This key principle emphasizes the importance of
designing the data-capture process systematically
and ensuring that it provides the format and structure
that match the intended reporting frameworks. For
example, different levels of data need to be taken

into account to match the intended aggregation levels
that need to be reported for the findings. One specif-
ic issue to consider for this key principle is that data
aggregation is usually difficult to reverse. Thus, it is
better to capture primary data in as granular form as
possible because individual data points can be aggre-
gated if the need arise, whereas already aggregated
data cannot be easily disaggregated. For example,
storing sub-skill scores as well as summary scores is
a conservative approach. These can be kept in the
database even if some users (e.g., schools or dis-
tricts) only need the top-most level scores on even just
aggregated statistics.

It is also important to adapt the reporting format to
both audience and purpose. Most assessment find-
ings, especially at the system level, are reported in
aggregate. For example, achievement data are usually



reported as averages for schools and districts. If
group differences are reported, these are usually
based on broad demographic variables such as
school type (public/private), location (urban/rural),

and similar grouping variables. Official memoranda
that are circulated only within the education ministry or
to high-level stakeholders need to be supplemented
with audience-targeted reports that are accessible to
lay readers. The most common format of large-scale
findings are the main report and the technical reports,
both of which provide the state of educational per-
formance at a very broad level (i.e., population-level
statistics). These types of reporting need to be sup-
plemented with reporting formats that are more appro-
priate and useful for school-level and classroom-level
purposes.

Similarly, national assessments are fed back to schools
and teachers, but usually in an aggregate form that
provides the average achievement levels of the school
but not of the individual students—note that PISA has
a reporting scale that maps to a learning progression
for problem solving and thus provides qualitative de-
scriptions of skill at school-level (for sampled schools).

For assessments that report student-level results,
state-of-the-art reporting formats such as individual-
ized learning progressions (Figure 3) and performance
indicators that are specific to construct dimensions

(e.g., MicroDYN) are only beginning to emerge in the
field. This is to be expected, as these new reporting
formats require considerable infrastructure and sup-
port systems to implement. It also requires at timely
and regular assessment program to provide sufficient
assessment data at an individual level.

Finally, the reporting strategy should consider the
limitations of the data in making interpretations and
conclusions. Raw data and corresponding results are
always neutral, but the interpretations and conclusions
are not. There is always a human factor involved in
interpretation of data. The consumers of data need to
take into consideration margin of error in their inter-
pretation since these can have major implications for
policy decision-making. The quality of the data itself
also depends on several factors, from measurement
precision to the representativeness of the sample. Fail-
ure to take this margin of error into account can result
in misleading interpretations and conclusions. Given
the relative lack of understanding of 21st century skills
as learning domains, additional interpretive comment
will be needed for the foreseeable future.
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Principles

for specific
education
stakeholders

Complementing the principles discussed above, there
are data use principles and best practices relevant

to specific stakeholders. Stakeholders of educational
data can be broadly grouped into collectors of data or
consumers of data, although these two are not mutu-
ally exclusive. There is evidence that some types of
data usage are more frequently observed than others.
System review, improvement planning, and student
progress tracking are among the most common data
uses while staff evaluation (including teacher perfor-
mance) and instructional review (using data to deter-
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mine which aspects of classroom instruction are effec-
tive) are the least common across district, school, and
even classroom-level users (Means, Padilla, Gallagher,
& SRI International, 2010; Newton, 2007). The common
uses of data for various stakeholders are summarized
in Table 3.

In the following, we discuss additional principles that
relate specifically to 21st century assessment data for
specific stakeholders listed in Table 2.



Educational assessment data usage across stakeholder types

Stakeholder

Consumer of
data

Collector of
data

Data purpose
and usage

Additional comments and illustrative
description of data use

National Poli- Yes (aggregate  Yes (aggregate  System review; As part of the system review process, policy-

cymakers and data) data) System deci- makers also use assessment data to review and

Decision-mak- sion-making; potentially adjust the systems-level measures of

ers (including System imple-  quality education.

ministry, state, mentation In particular, findings from the ICCS program

or province level inform global citizenship and sustainable devel-

staff) opment education agendas (Schulz et al., 2016).

System decision-making includes resource allo-
cation and organizational intervention.

Researchers Yes (primary Yes System review;  Diagnostic use includes doing research on the

(e.g., NGOs, and aggregate System deci- correlates of achievement and/or performance

government, data) sion-making; (i.e., what factors affect student performance on a

academia) Teaching given assessment).

review;
Progress re-
view;
Diagnostic

District and Yes (aggregate  Yes System (local) Local decision-making includes resource alloca-

school Leaders  data) review; tion and school or classroom-level intervention.

(including prin- System (local)

cipals) decision-mak-

ing;

School im-
provement
planning;
Staff develop-
ment;
Progress
review (aggre-
gate)

Teachers Yes (primary Yes Teaching Progress review includes the use of individual
and aggregate review; assessment data for instructional improvement,
data) Student inter- locating students on a developmental continuum

vention for formative purposes (e.g., in ATC21S), and
Progress performance monitoring.
review
Parents and Yes (primary Progress Decision-making includes the use of one’s as-
Students data) review sessment results to decide on schools, academic
School and pathway, and eventually career/vocation choices.
career deci-
sion-making
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NATIONAL POLICYMAKERS AND
DECISION-MAKERS

In recent years, ILSAs such as ICCS and PISA have
started to include 21st century skills among the do-
mains being assessed. This has increased the interest
among policymakers to include these skills in their own
curricula and explore systems-level assessments of
selected skills. A key principle for policymakers and
decision-makers is to first set the policy goals, tak-
ing into consideration systems-level issues, before
choosing the particular skills or skillsets that are to
be included in the curriculum and assessed at na-
tional level. National policy goals can be complex and
involve issues both directly connected to education (in-
cluding budget constraints and educational priorities)
as well as issues that are only incidental (e.g., politics
and changes in government) (Wagner, 2011). This key
principle avoids ad hoc choices among policymakers
as well as emphasize the importance of linking the
implementation decisions with well-planned policy.

RESEARCHERS

A key principle relevant to 21st century assessment
data use for researchers is that 21st century assess-
ments require solid research evidence. This pertains
to: 1) effectiveness of new assessments (i.e., empirical
support that the tools capture the complex constructs
they intend to measure) and 2) effectiveness of data
extraction or capture mechanisms (i.e., that the tools
and processes are appropriate to the level of com-
plexity of the data). Notwithstanding the increasing
use of education data for decision-making, there is
little empirical research on how effective these prac-
tices are and what mechanisms impact the efficacy of
data use (Coburn & Turner, 2011). Coburn and Turner
(2011) recommend the following:

» focus on the relationship between initiatives to pro-
mote data use and aggregate outcomes

34

« focus on describing the activities that are involved
with data use initiatives

* investigate how data enters into streams of ongo-
ing action and interaction as they unfold at multiple
levels

» seek to understand the role of environmental, orga-
nizational, and group context in how the practice of
data use unfolds

* investigate data use as a situated phenomenon as
it unfolds in real time

More specific to 21st century skills, this key principle
suggests that more research is needed on the follow-
ing areas: 1) defining and validating the skills (such
as collaboration or creativity), 2) new approaches to
assessing complex constructs, and 3) state-of the-
art reporting methods/formats and their effectiveness
(e.g., learning progressions of 21st century skills).

DISTRICT AND SCHOOL LEADERS

District and school leadership have a direct impact on
teachers’ data use. The key principle for this group is
use of a “data-driven instructional systems” mod-
el. When district and school leadership develop and
implement a data-driven instructional systems model,
this key principle ensures that the program design
process takes into account the complexity and unique
challenges of assessing 21st century skills. This is
closely related to the DDDM framework discussed pre-
viously, but focused on instructional improvement. One
example of such a model is structured by Halverson
and colleagues (2007) as consisting of six component
functions: (a) data acquisition, (b) data reflection, (c)
program alignment, (d) program design, (e) formative
feedback, and (f) test preparation. These components
form a continuous cycle and while originally designed
for conventional learning domains, the model applies
to other sources of educational data, including 21st



century assessments. Program design has implica-
tions for teacher training, allocation of district/school
resources, and improvement planning. 21st century
skills assessment data literacy among district and
school leaders is crucial in order for them to proper-
ly design and implement a data-driven instructional
model.

TEACHERS

Teachers need to rethink their role as both consumer
and collector of data. They are in a unique position in
the sense that they use data from all major types and
functions of assessment. The challenge is in devel-
oping assessments that are aligned with the learning
goals outlined in the curriculum, as well as in under-
standing the progression of learning that is required
to reach more sophisticated forms of the skills. As

a consequence of the qualitatively different require-
ments of 21st century assessment processes, such
as the importance of capturing indicators of behavior
rather than content knowledge, teachers have to adjust
their approach to teaching and learning so that these
indicators become observable. There is, however, no
one-size-fits-all approach and each classroom will
have unique contexts that affect how particular behav-
ioral indicators are expressed.

As such, the key principle for data use among teach-
ers is that it is important to contextualize the as-

sessment to the needs of each individual student
and the overall environment of the classroom.
Teachers know their students best and therefore are in
the position to customize assessments appropriate to
the needs of the classroom.

PARENTS AND STUDENTS

Parents and students are key users of individual-level
assessment data. An important principle for parents
and students is that assessment data do not convey
static information, and therefore, should be used to
promote learning. Using this principle, parents and
students need to be proactive in demanding regular,
current, and accurate data on learning and perfor-
mance. Of course, since assessment results are also
essential for many students to gain access to further
education, training, or employment, their understand-
ing of assessment needs to be broader than its func-
tion purely in the learning and teaching context.

As reporting methods become more advanced, or just
novel, especially for more complex 21st century skills
(e.g., scores for several indicators across multiple
dimensions of a complex construct), raising assess-
ment literacy is also necessary. Raising assessment
literacy is an important first step in becoming effective
consumers of assessment data. Parents and students
should engage with school staff to understand the
assessment results that are provided to them.
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Conclusion and
recommendadations

This publication brings together key principles on
assessment data use so that stakeholders develop
data literacy in the emerging field of 21st century skills
assessment. Assessment plays a significant role in
education, as it is used to determine what students
know and can do with regard to what is expected,

and make decisions accordingly. With the focus of
education shifting to include a broader range of skills,
the challenge globally is how to support students in
developing these skills (Care et al., 2016; Care & Luo,
2016). Having assessments of 21st century skills does
not ensure that effective learning and teaching will
take place, but assessments do provide systematic
quantification of teaching and learning. Additionally,
teachers can use assessments to promote learning

of the skills, if the goals are clear and appropriate as
made visible through the curriculum, if reliable and
valid information can be gathered about what the stu-
dent currently knows and is able to do related to the
goals from assessment, and if that information is used
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to identify ways to scaffold student learning through
instruction (Pellegrino, 2014). In other words, the com-
ponents of the education system must be aligned to
support the development of 21st century skills.

The effective use of assessment data is only one
component in the teaching and learning process, but it
is an essential piece of the whole system. Many of the
lessons learned and best practices on general data
use in education remain important and applicable in
the context of 21st century skills assessment, but the
qualitatively different structure of 21st century skills
requires new approaches, both in the measurement
aspect and collection of assessment data.

One of the key principles emphasizes the importance
of designing the data-capture process systematically.
In the context of 21st century skills, the data-capture
process is not well established compared to tradition-
al domains. It is therefore recommended that robust



data-centered tools are developed to show that the da-
ta-capture process for these complex learning goals
can be made as systematic as in traditional domains.
This recommendation has a two-fold benefit: 1) tool
development, especially if done across all levels of
the school system from the classroom all the way to
national scale, raises awareness through proof-of-con-
cept approaches in tool/task development; and 2) the
development process, undertaken collaboratively and
through engagement of various stakeholders can have
a cumulative effect on building a set of best practices.

Widespread adoption can be slow, just as it was for
tools (e.g., mechanized standardized tests) and meth-
ods (e.g., item response theory) that were developed
for conventional domains, where it took several de-
cades for most modern methods to become standard
across systems. Even for core domains such as nu-
meracy and literacy, the adoption of modern data-col-
lection tools and processes has not been universal.
However, the build-up becomes faster as more stake-
holders become aware of what methods exist and
what data-capture processes are possible. To ensure
that this recommendation’s focus on awareness raising
is optimized, sets of best practices and resources
need to be readily accessible through multinational
networks. Policymakers are more likely to adopt new

tools or data-capture processes if empirical evidence
that they work is available, and if they see these being
adopted by other systems.

Finally, we recommend that data reporting be aligned
more closely to the stakeholder purpose and to the
needs of the target consumers. It is important to be
aware that style of use of data varies considerably
across education system levels. For example, while
data reporting of generalizable skills can adopt
modern structures such as learning progressions,
reporting strategies must remain aligned with national
education aspirations. An example of how this recom-
mendation can be applied to the implementation of
learning progressions is to develop a set of standard
qualitative descriptors for the levels of skill. This would
enable more efficient data usage with a broader scope
because it would ensure uniformity across schools in
the system. Data for formative use would be aggregat-
ed effectively for summative or accountability use.

In these early days of implementation of 21st century
learning goals through national education systems
globally, our attention is focused on how to ensure that
assessment can facilitate learning rather than merely
attempt to grade or rank it.
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ENDNOTES

1 We use the term “indicator” in a more technical sense, referring to observed (or manifest) variables that indicate or point towards an unobserved (or latent) construct.

2 Ina measurement context, the term “dimension” refers to an aspect or factor of what is being measured. For example, the term “unidimensional” means that only one
latent trait or factor is being measured.

3 Process data includes distinct key strokes, mouse movements, and all capturable time-stamped user activities in a digital environment. The process data can be ana-

lyzed either discretely (looking at specific markers that can be linked with cognitive processes) or holistically (looking at sets of connected markers, such as sequences
of actions, that can be linked to more complex cognitive processes).

4 Measurement by proxy is a method wherein something that is difficult or impossible to measure directly is replaced by a related but more easily measurable variable.
An example would be using infant mortality rate as a proxy for maternal health.
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