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Abstract

Assessments should support deep learning as well
as measure its outcomes. This piece proposes five
design principles—following insights from research
in the learning and cognitive sciences—for designing
innovative assessments to measure and support the
development of complex competencies.

These principles include:

1) using extended performance tasks;

2) accounting for students' prior knowledge;

3) providing opportunities for productive failure;

4) providing feedback and instructional support; and
5) designing “low floor, high ceiling” tasks.

Our fundamental argument driving these design
principles is that assessments should not only measure
student progress towards educational goals, but also
model and provide insight into students' deep learning
processes.

Adopting these design principles will enable educators
to collect information about how well students can
engage in complex thinking and problem-solving
processes while reducing the current distance between
assessment and learning.
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Introduction

In recent years, researchers have argued for the need to innovate educational assessments to better measure
and support the development of important skills (e.g. Foster & Piacentini, 2023; Kyllonen & Sevak, 2024,
Schwartz & Arena, 2013). Such works respond to shifts in educational discourse and policy about what is
important to teach and learn—so-called 21st-century competencies. Innovation is required across the entire
assessment development process: from conceptual foundations (defining the components of what are

often complex constructs and the authentic contexts in which they are engaged), to design considerations
(how tasks are designed and delivered to test takers), measurement issues (how to generate, interpret and
accumulate useful evidence about what students know and can do), and reporting options (how to clearly
communicate the results to intended audiences, be they teachers, learners, administrators or policy makers).
To achieve positive impact on educational outcomes, more coherent systems of assessment are also needed,
increasing the alignment between formative and summative assessment (Darling-Hammond et al., 2013;
Pellegrino, 2023).

One of the key arguments of our approach is that assessments should not only be useful for measuring
student progress towards educational goals, but they should also model and provide insight into students'
deep learning processes (Piacentini et al.,, 2023). In this way we can collect important data on complex
thinking and problem-solving processes, and at the same time, we can reduce the current distance between
assessment and the learning we want to promote in classrooms.

Arguments in support of innovating assessments

A fundamental conception about assessment is that it constitutes a process of reasoning from evidence,
guided by theory about the critical aspects of knowledge and skill one is interested in measuring. This

process of reasoning from evidence has been portrayed as a triad of three interconnected elements: the
assessment triangle (Pellegrino et al.,, 2001). The vertices of the assessment triangle represent the three key
elements underlying any coherent assessment: a model of student cognition and learning in the domain of the
assessment; a set of assumptions and principles about the kinds of observations that will provide evidence of
students' competencies; and an interpretation process for making sense of the evidence (See Figure 1).

FIGURE 1: The assessment triangle

Cognition
Theories, models & data about how students Observations Interpretation
represent knowledge & develop competence
in a domain of instruction and learning.

Observations
Tasks or situations that allow one to observe
students' performance.

Interpretation
Methods for making sense of the evidence
coming from students' performances.

Cognition
Source: Pellegrino et al. (2001).
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Measuring what matters

Broadly speaking, some distinct categories of competencies emerge across frameworks that set forth a

vision for the future of education and the broad, transferable areas of knowledge and skills that students need,
including cognitive (e.g., creative thinking, critical thinking, problem solving), interpersonal (e.g., communication,
collaboration), metacognitive (e.g., self-reqgulated learning), intrapersonal (e.g., persistence, adaptability) and
digital (e.g., media literacy, digital literacy) (Foster, 2023). Digital competencies are often a central component
that intersect with other 21st-century competencies given the vast proliferation of ICTs and related advances
(e.q., Artificial Intelligence) in both our personal and professional lives, in turn transforming our individual and
collective capacities for communication, collaboration, searching for information and using knowledge.

Not only does this mean being able to measure the extent to which students master these important
competencies in different contexts, but also designing assessments that can provide timely feedback to
learners and educators that can benefit instructional practices. In other words, developing assessments that
support deep learning as well as measure its outcomes.

Several interconnected conceptual and practical

Developing assessments that support deep challenges exist when designing assessments of

learning as well as measure its outcomes 21st-century competencies, particularly in the context
is essential to preparing students for the of large-scale assessment. These challenges include
complexities of the 21st century. defining the assessment construct and learning

progressions for complex competencies at different
levels of proficiency, identifying the extent to which domain-specific knowledge supports performance and
whether performance in an assessment can be generalized to other contexts, being able to identify and design
tasks that elicit both outcomes and the processes that often define these competencies, and being able to
generate interpretable evidence about students’ ways of thinking and doing (see Foster, 2023, for an in-depth
discussion of each).

Unlocking new advances in design and measurement technology

Advances in technology offer much potential to transform what we can measure, how we can make sense of
test taker performance, and how assessment can relate to learning (Thornton, 2012; Shute & Kim, 2013; Timmis
et al, 2016; Zhai et al., 2020; DiCerbo et al., 2017). Technology can introduce new forms of active, immersive and
iterative performance-based tasks in interactive environments that make it possible to observe how test takers
engage in authentic, open-ended learning and problem-solving activities. These can provide richer observations
and potential evidence about students' thinking processes, behaviors and decision-making, as well as enable
the measurement of dynamic skills beyond the capability of more traditional and static test items. These
environments allow students to engage actively in the processes of making and doing, making it possible to
track the strategies that test takers employ and the decisions they make as they work through complex tasks
that evolve on their basis of their actions. Such student-centred tasks also provide opportunities for students to
learn and develop skills as they make decisions and engage in iterative problem-solving.

New task modalities, problem types and affordances mean there are also new possibilities for response types—
and in turn, new sources of potential evidence about test takers (Sabatini et al., 2023). Digital platforms can
capture, time stamp and log student interactions with the test environment. This is especially transformative

in the context of measuring 21st-century competencies, as the process by which an individual engages with an
activity can be just as valuable for evaluating proficiency as their final product. These process data, when coupled
with appropriate analytical models, can reveal how students engage with problems, the choices they make, and
the strategies they do (or do not) implement. Patterns of behavior associated with different mastery levels can
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be identified, which can then be used to augment
the precision of performance scores and provide
diagnostic information to educators about students.

Taken together, these opportunities represent a
powerful shift in assessment away from simple
knowledge reproduction to knowledge-in-use—
exactly the types of performances in which 21st-
century competencies are engaged and developed.
Measuring these constructs well necessarily
requires assessments to be closer tied to the
processes and contexts of learning and instruction—
something that technology can facilitate through
embedded assessment. Embedded assessment
environments can integrate pedagogical
affordances like scaffolding and feedback to
explicitly support learning, merging summative and
formative assessment and providing measures of
the capacity of test takers to learn and transfer their
learning to other tasks. By allowing for the real-
time measurement of students' capacities as they
engage in meaningful learning activities, technology
holds the promise of creating new systems of
evaluation where evidence on students' progress

is collected in a continuous and unobtrusive way.

In turn, educators can gain better insights into their
students' learning processes, and assessment and
learning are no longer explicitly separated activities.

Technology is transforming assessment from
measuring what students know to
understanding how they learn

Design principles for innovative assessments

While these opportunities are exciting, few extant assessment systems take full advantage of this potential to
measure what matters. Traditional assessments (especially large-scale) have evolved to comply with practical
constraints on testing time, cost efficiency and established measurement models.

In the rest of this chapter, we contend that it is possible to address this misalignment between current practice
and promise in two ways: first, by taking stock of research that has investigated the mental structures that support
the types of learning and problem solving encompassed by 21st-century competencies; and second—much more
difficult—by creating an internally consistent system of teaching practices and assessments that reflect these
research insights. In this system, deeper learning experiences prepare students for future learning, and innovative
assessments measure how effectively students have engaged with these deeper learning experiences.
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Insights about deeper learning processes and their implications for assessment

One of the main conclusions from research in the learning sciences is that learning is a socially situated process
(Dumont et al., 2010; Darling-Hammond et al., 2019). That learning is mediated by socially constructed practices
has clear implications for instruction: deeper learning occurs when students engage in activities that are realistic,
complex, meaningful, and motivating, and when they can call upon the experience of knowledgeable others for
guidance and support. Assessment experiences aimed at engaging and measuring deeper learning processes
must therefore replicate these features.

Some research has focused on contrasting "experts”

(i.e., individuals that have constructed mental models Deep learning and skill mastery cannot be
in a given domain and who, through participation in key divorced from their contexts of practice;
practices, have learned to apply these ideas to solve meaningful assessment must occur in context.

new problems) with "novices" (i.e., those who have not

consolidated their basic knowledge in a domain through

practice). A recurrent observation is that experts have strong metacognitive skills (Hatano, 1990). While learning
and problem solving, they engage in regulatory behaviors such as knowing when to apply a procedure, planning,
predicting the outcomes of an action, questioning the limitations of their knowledge, monitoring their progress,
and efficiently apportioning cognitive and emotional resources. The capacity to regulate one own's learning and
adapt accordingly further distinguishes routine experts from adaptive experts, with the latter being "characterized
by their flexible, innovative, and creative competencies within the domain” (Hatano & Oura, 2003, p. 28).

Research has also shown that general problem-solving procedures (“weak methods"), such as trial-and-error or
hill climbing, are slow and inefficient (Pellegrino et al.,, 2001), and that experts instead use deep knowledge of the
domain (“strong methods") to solve problems. This deeper knowledge does not refer to isolated facts, but rather
to knowledge encoded in a way that closely links it with its contexts of practice and conditions of use. When
experts face new problems or scenarios, they can readily activate and retrieve the subset of their knowledge
that is relevant to the task at hand (Simon, 1980). The implication for assessment here is that learning and skill
mastery cannot readily be divorced from their specific contexts of practice, and as such, measuring deeper
learning processes must occur in context rather than in highly generalised problem contexts.
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Design innovations to measure learning and
support teaching

In this section, we highlight five broad design principles that we argue
should form the basis of "next-generation assessments” that can yield
potentially valid evidence about where students are in the development of
21st-century competencies (in summative applications) and about what
they need to do to progress in these skills (in formative applications).
These principles reflect our increasing understanding of the processes
involved in developing higher-order thinking and learning skills, thanks

to extensive research in the learning sciences, as well as the types of
experiences that elicit these competencies

Design Principles

01 Include Extended
Performance Tasks

Account for Knowledge in
02 Task Design and Reporting of
Performance

03 Provide Opportunities for
Productive Failure

04 Provide Feedback and Instructional
Support to Students During Tasks

Design Tasks That Are ‘Low Floor,

05 High Ceiling' or Otherwise Adaptive
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Design Principle 1:

01 Include Extended Performance Tasks

Assessments that aim to measure how prepared students are for deeper learning—and to generate

insights useful to teaching and learning processes—must engage students in active and authentic

learning processes. From an assessment perspective, this means providing students with a purposeful
challenge that replicates the key features of those educational experiences where deeper learning happens.
Evaluating students' capacity to construct new knowledge in choice-rich environments means that students
should be given sufficient time and affordances to demonstrate what they can do. We argue that extended units
with multiple activities, sequenced as steps towards achieving a main learning goal, can provide a more authentic
and motivating experience of assessment that provides valid data about students' competencies (i.e., evidence
that is predictive of what students can do outside of the constrained and stressful context of a test).

These environments can facilitate a more open interpretation of students' goals and their exploration of the
problem constraints, reward diverse solution strategies and outcomes, and provide feedback to learners. This also
makes it possible to observe metacognitive processes that are crucial to learning in a non-obtrusive way, tracking
how students plan and implement strategies, how they behave when they are stuck, and how they respond to
feedback (Nunes et al., 2003). The application of a principled design process can lead to a productive use of

these process data to augment the evidence that is derived from final solutions, therefore reducing the trade-off
between reliability and authenticity (e.g., Piacentini, 2023; Sabatini et al., 2023).

Design Principle 2:
02 Account for Knowledge in Task Design and Reporting of Performance

Knowledge plays an important role in authentic task performance. Competencies like creativity, critical

thinking or communication are rarely exercised within a vacuum. In an assessment context, students'

ability to demonstrate these skills will always be observed within a given context and their knowledge
about this context or situation will influence the type of strategies they use as well as what they are able to
accomplish (Mislevy, 2018).

What this means, in turn, is that it is important to
explicitly identify the knowledge that students need
in any assessment context to meaningfully engage
with the test activities and to evaluate the extent to
which differences in prior knowledge influence the
evidence we can obtain on the target constructs. It is
also important to assess complex skills across a variety of knowledge and application domains to make valid
conclusions on students' mastery of these skills. Evaluating the extent to which students possess relevant
knowledge when engaging with a complex performance task (for example, through a short battery of items)
should become an integral part of the design and assessment process in next-generation assessments, as this
can help to interpret their subsequent behaviors and choices during the assessment (Piacentini, 2023; Roll &
Barhak-Mirkowitz, 2023).

To make valid conclusions about students’
skills, assessments must account for the
knowledge they bring to each task.
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Design Principle 3:

03 Provide Opportunities for Productive Failure

There is evidence that we can make robust claims about students' preparedness to learn new things by

studying how they work on unfamiliar problems (Roll et al., 2011; Schwartz & Martin, 2004). For example,

“invention activities" ask students to work on problems requiring concepts or procedures that they have
not yet been taught, with the aim that students explore and understand the core properties of a construct before
being taught expert solutions and strategies (Roll et al., 2012). Students often fail in their attempts to solve or
generate canonical solutions to such problems, but experimental evidence shows that students who learn through
invention activities are better at transferring their knowledge (i.e., solving other tasks requiring the same knowledge
schemes in a different context) in comparison to students who are directly told how to solve the problem (Loibl et
al., 2016; Kapur & Bielaczyc, 2012). In an assessment context, these types of activities can provide evidence about
whether students can flexibly apply their knowledge schema to unfamiliar contexts.

In traditional tests, if students do not know the relevant procedure to follow there is little they can do to progress
(Schwartz & Arena, 2013). Yet in the real world, we can access resources and ask more knowledgeable others for
help when learning and problem solving. Assessments that challenge students to learn to solve new problems
should incorporate resources for learning, because problem solving always requires some degree of knowledge.
These should be carefully crafted so that they do not provide prescriptive solution steps, but rather provide
opportunities to learn about core properties of the problem and encourage implementing a certain strategy that
helps to make progress toward a solution.

Design Principle 4:
04 Provide Feedback and Instructional Support to Students During Tasks

To complement the design principle 3, instructional support in the form of advice, feedback, or

prompts as students engage in activities can promote deep learning in beginners and enable the
decisions they make in their learning to be observed (Azevedo & Aleven, 2013; van Joolingen et al., 2005).
Targeted feedback and scaffolded interventions can
also reduce the risk that beginners disengage from an
assessment because they perceive it to be beyond their
capacities: it can provide clarity over task instructions,
reduce the degrees of freedom or number of acts required
to make progress, signal critical features that a student
may have missed upon first attempt, reproduce partial
solutions, and elicit further articulation or reflection
questions (Guzdial et al., 2001). All these are important
functions that can serve to elicit more information about
students' competency level and reengage students if they
appear disengaged—which is especially important in the
context of extended performance tasks with less discrete
items and fewer clear "data points” to inform scores.
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Design Principle 5:
0 5 Design Tasks That Are ‘Low Floor, High Ceiling' or Otherwise Adaptive

Next-generation assessments of 21st-century competencies should enable all students to demonstrate

their ability to learn and tackle problems by using the tools and resources available to them—regardless

of their initial level of knowledge or skill. Adapting assessment challenges to different abilities not only
improves the quality of the measures but also the

authenticity of the assessment experience: in real life, )
people seldom take on challenges that are too easy Next-generation assessments should let every

or impossible to achieve, yet in traditional tests this student demonstrate their ability to learn and

happens quite frequently. One approach to catering solve problems using the tools available to

to different student ability levels is to design so-called them—just as they would in real life.

“low floor, high ceiling" tasks, meaning that they are

largely accessible to all ability levels while providing scope to challenge top performers. One cluster of low floor,
high ceiling problems asks students to produce an original artifact: for example, a story, a game, a design for a
new product, an investigative report, a speech, etc. These artifacts generate a wide range of qualitatively distinct
responses and even top performers are incentivized to produce a solution that is richer, more complete, and
unique. This type of design can also be used in more standardized problem-solving tasks if students are informed
about intermediate targets to achieve and that progress towards more sophisticated solutions will be rewarded.

Adaptive designs can also address the complexity of measuring learning-in-action amongst heterogeneous
student groups. A relatively simple way to integrate some level of adaptivity in assessment design is to structure
achieving larger and more complex goals as a sequence of tasks that gradually increase in difficulty (similar to a
“level-up" mechanism) and instruct students to complete as many as they can.

From principles to practice

These five design principles are intended as broad guidelines for
designing next-generation assessments capable of measuring and
supporting the development of 21st-century competencies. They are
not intended to be prescriptive but rather illustrate the characteristics
of innovative assessments that can provide valid information about
students' real-life abilities. The two examples described in the

full version of this chapter—the OECD's PISA LDW test and PILA
platform—represent an initial engagement with the enterprise of
innovating assessments (see Foster & Piacentini, 2025).

Designing assessments is a complex and challenging endeavor that must be guided by theory and
research about cognition; yet just like any other design activity, scientific knowledge provides direction and
constrains the set of possibilities, but it does not prescribe the exact nature of the design nor ingenuity

in the final product. In the case of educational assessment, the design is influenced in important ways

by variables such as its purpose (e.g., to assist learning, to measure individual attainment, or to evaluate

a program), the context in which it will be used (e.g., classroom or large-scale), and practical constraints
(e.g., resources and time) (Pellegrino, 2023). Our fundamental argument here is not to shift completely
from one assessment paradigm (i.e., using only short discrete, static items) to another (i.e., using

only extended, interactive performance tasks with resources and feedback), but rather encourage the
development and use of a more diversified set of assessment experiences where the breadth and depth of
tasks and associated measurement models are aligned with what the assessment intends to measure.
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Concluding remarks and reflections for future work

This chapter has argued that the next-generation of assessments should focus on observing and interpreting
how students solve complex problems and learn to do new things. Assessments often shape and influence the
teaching and learning that takes place within education systems. If we want to shift policy into practice, we must
be able to assess the competencies that students need for their future, meaning we must reproduce the features
of these learning situations in assessments.

There is evidence that innovative assessments of educationally and socially
significant competencies are both desirable and possible, and we have
described some overarching characteristics of what these assessments
should look like. What is also clear is that the vision described in this
chapter cannot be undertaken without investment in multiple forms of
capital: intellectual, financial and political (see Pellgrino et al., 2023, for a
more in-depth discussion). The evidence suggests that cooperation and
collaboration on a global scale, including through the design of open-source
technology and model tasks, may well be the best and only way to achieve
such advances—at least for the time being.

If we want to shift policy into
practice, we must be able
to assess the competencies
students need for their future.
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