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Overview
By Riel Miller
Promethean Thinking Deeper Research Paper Number
3 presents two fundamental sources for the learning
productivity breakthrough that is the core of this series
of papers.
• Section 1 by Janet Looney develops the idea
of “assessment competence” – a critical ingredient
for improving both open and closed learning. The
development of this important new “capacity” or
competence is an integral part of the changes taking
place in learning throughout society and is closely
linked to the evolving role and nature of assessment
and evaluation tools and systems.
• Section 2 by George Siemens brings into sharp focus
the cutting-edge of the assessment field by explaining
how the latest developments in tools and practices
are giving rise to a new assessment system called
‘learning analytics’.

Curriculum
& Assessment
Assets

Paper under the direction of Riel Miller
Authors: Janet Looney, George Siemens
Sponsored by: Promethean Education Strategy Group

Paper No.3 - Section 1:
Knowing What You Know: Strengthening and Deepening
Assessment Competences for the 21st Century
By Janet Looney
In this set of Thinking Deeper papers “learning” and
“assessment” are defined broadly:

Learning is any process that enables a
change in a person’s capacity to understand
themselves and the world around them.
Assessment is any feedback that enables
a learner to know when there has been
a change in their capacity to understand
themselves and the world around them.
Learning and assessment thus occur in the course of daily
life as individuals interact with their environments, with
each other, and as they internalize new knowledge and
new ways of understanding. Assessment is integral to
learning, whether provided in a formal classroom setting
or any other context.
But learning is also an intentional process and
competences for “learning to learn” are considered vital
for effective lifelong learning.1 Learning-to-learn involves
awareness of how and why an individual acquires and
processes different types of knowledge (meta-cognition),
and the learning methods, environments and habits
she or he finds to be most effective (self-regulation)
(Eurydice, 2002)2.

clear criteria. At higher levels, learners may be working
individually or collectively to solve problems with no
clearly defined outcome, and assessment is part of this
exploratory process.
Feedback is an essential element in assessment to improve
learning. Feedback may be provided in the course of an
interactive discussion, in writing, in the context of a game,
or through signals in the learner’s environment. It is most
effective when it is timely and at an appropriate level of
detail to suggest next steps (Black and Wiliam, 1998).
In the case of goal-directed learning, feedback needs to
be congruent with the learning aims. When learning is
exploratory and open-ended feedback may, in some cases,
be adequately conveyed through conventional and familiar
indicators or it may not. In the latter case inventing
new indicators and becoming sensitive to the meaning
of such feedback becomes one of the key parts of
improving assessment.

Assessment is integral to all forms learning, whether
the apparently effortless learning that occurs through
interactions in daily life, or through intentional learning.
Formal assessments are based on quantitative and/or
qualitative measurements. For novice learners, assessments
are usually based on progress toward specific goals with

These concepts are central to learning policies and
practices in both open and closed learning systems, as
discussed in the paper preceding this one, Promethean
Thinking Deeper Research Paper Number 2, “Learning
Productivity: It is time for breakthrough”. As already
noted the context and technologies of learning and
assessment are changing rapidly. Part of this change calls
into question how we define and achieve the competences
for learning to learn. Indeed, the term “competence”,
which refers to the ability to mobilize both cognitive
and non-cognitive resources in unknown contexts, seems
particularly apt here. Learning, in both open and closed
systems, requires learners to define what, how, with whom
and why they learn; they and their collaborators, mentors
and teachers need to extend and deepen their knowledge
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of effective assessment processes, and their ability to
interpret and respond to feedback.
Today’s changing context is calling for a deeper
understanding of the factors (rational and non-rational)
that enhance the ability of learners in all situations and
environments to identify and track changes in their
“capacity to understand themselves and the world around
them”. This is assessment competency.

Changing Contexts: New Technologies
Support and Challenge Assessment
Competences
New technologies are changing learning and assessment –
and raising learners’ expectations that they will have a say
in what and how they learn. They may also support new
approaches to learning and education:
• Social media facilitate information sharing, user-

generated content, and collaboration in virtual
communities. Increasingly, individuals expect the
opportunity to participate in knowledge creation and
to share their own assessments through blogs, wikis,
feedback and rating services. Those with special interests
may engage in collective learning and problem solving
on a collective (crowd sourced) scale. In the education
world, Open Educational Resources allow educators
to share and shape learning content, and to provide input
on effectiveness.
• Tracking programmes and electronic portfolios allow

individuals to monitor their performance toward goals
(criterion-referenced assessments), to compare their
progress against their own prior performances (ipsativereferenced assessments), or against the progress of other
users (norm-referenced assessments). For example,
Baumeister and Tierney (2011) note that several online
programmes that help individuals to track exercise, sleep
and savings habits can be very effective in supporting goal
achievement. The research suggests that individuals who
use tracking programmes to focus on how much further
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they have to go (rather than progress already made)
(Fishbach and Koo, 2010), and who share their progress
with others are more likely to succeed in reaching goals.
• Video games both entertain players and provide rapid
feedback on progress. Many games step up challenges
as players develop their skills. Educationalists are now
working with game developers to create games focused
on building specific competences. For example, Popović
describes how novice learners in biochemistry have
engaged in collective game play to address specific
puzzles and problems within the discipline, and in the
process have found solutions that have eluded experts.
Delacruz and colleagues (2010) have found that
effectively-designed games can tap into mathematical
thinking and can be used for summative assessments of
learning, and potentially, as more data on players’ thinking
processes are gathered through game play, as a tool for
formative assessment.
• Test developers are also focusing on how ICT-based
assessments may support the integration of large-scale,
external summative assessments and classroom-based
formative assessments. Currently, there are a number
of technical barriers to this kind of integration. Data
gathered in large-scale assessments do not provide the
level of detail needed to diagnose individual student
learning needs, nor are they delivered in a timely enough
manner to have an impact on the learning of students
tested. There are also challenges related to creating
reliable measures of higher-order skills, such as problem
solving and collaboration.
• Learning Analytics, as discussed by Siemens in the
following section, and by Shum in his work on Social
Learning Analytics, take these ambitions a step further.
In a previous paper, Siemens and Long (2011) noted
that social network analysis tracking learners’ online
behaviour could potentially provide detailed information
(“big data”) on learning processes and real time
assessment of progress, along with suggestions for next
steps. Importantly, learning analytics may also support
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“intelligent curriculum” and “adaptive content”, allowing
deep personalisation of learning. Shum and Crick
(forthcoming 2012) propose learning analytics as a tool to
assess learners’ dispositions, values, attitudes and skills.
These different technologies can facilitate assessment
by and for learners. At the same time, they demand that
both educators and learners develop deeper and more
extensive competences for assessment.
Key Terms
Formative assessment – refers to the frequent, interactive
assessment of learner understanding and progress to
identify learning needs and adapt teaching. Formative
assessment differs from summative assessment in that the
information gathered is used to shape improvements,
rather than serve as a summary of learner achievement.
Assessment is considered as formative if and only if the
learning gap is closed.
Summative assessment – includes tests and examinations
that seek to provide summary statements of learner
achievements and capabilities. Summary assessments may
be conducted at the end of a unit of study, to determine
student readiness for promotion from one level of
predetermined achievement to the next.
Bases of Comparison:
Criterion-referenced assessment – learning progress
is measured against defined and objective criteria
and standards.
Ipsative assessment – comparison of a learners’
performance in the same domain over time (by a teacher
or other mentor and the learner him/herself).
Norm-referenced assessment – learner achievement is
measured relative to the other learners participating in
the assessment.

Knowing What You Know and Learning Analytics - Paper 3, Section 1

Deepening Assessment Competences

Knowledge cannot be handled like a readymade tool that can be used without studying
its nature. Knowing about knowledge should
figure as a primary requirement to prepare the
mind to confront the constant threat of error
and illusion that parasitize the human mind.
It is a question of arming minds in the vital
combat for lucidity (p. 1) Morin, 1999.
Knowing what you know, as Morin suggests, requires an
understanding of the cultural, intellectual and cognitive
properties and processes that shape knowledge, and
the extent to which everything we know is subject to
error, illusion and emergence of novelty. Assessment
competences require an awareness of these vulnerabilities,
and strategies to ensure greater capacity to define
knowledge as it emerges from learning processes.
The following elements are proposed as a framework for
the development of assessment competences, with the
hope of becoming better able to grasp emergence and
to guard, as much as possible, against error and illusion.
1) Recognising the potential and limits of new and
emerging assessment tools
Tools, whether high tech or as simple as a checklist or
rubric, are an essential element of assessment. Many
new and emerging technologies support greater user
engagement in assessment processes, provide the timely
and detailed data needed to diagnose learning needs and
connect users to relevant resources, build on effective
tracking and monitoring strategies to support persistence
toward goals, and scaffold learning challenges. Yet there
are also some caveats to keep in mind.
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The quality of new and emerging ICT-based tools
depends largely upon the quality of their design as well as
the underlying algorithms. High quality tools will require
significant investments in measurement technologies that
take into account how people actually learn. Indeed, while
cognitive scientists have made a great deal of progress
in understanding the processes of learning in different
subject domains over the last two decades, progress in
measurement technologies has been much slower. Within
the learning sciences, there is deeper understanding of
how learners: move from novice to expert, develop typical
misconceptions, create effective learning environments,
and use self-assessment and meta-cognitive monitoring
(Bransford et al., 1999; Pellegrino et al., 1999).
Emerging technologies, including learning analytics,
have ambitions of taking into account these advances in
our understanding of learning as a cognitive and social
process. However efforts to link technologies to effective
learning and assessment are at the early stages. Ensuring
the validity and reliability of assessment tools calls for
careful testing and innovative experimentation.
2) Making assessment criteria explicit
While technologies such as blogs, social media and rating
services provide opportunities for anyone to express his
or her opinion on any number of subjects, the criteria
underlying assessments are not always made explicit. Both
educators and learners need to be able to clearly identify
criteria they are using to make judgments. For example,
learners writing blogs need to learn to outline carefully
constructed arguments and describe the basis on which
they have developed an opinion or made a judgment – a
skill emphasized in traditional schooling, but not always
applied to the Internet.
As consumers of information, learners also need to be
able to identify the implicit basis for the evaluator’s
assessment when criteria are not clear, and to appraise the
validity of their judgments. Are ratings and assessments
measuring what they purport to measure? How do
others’ assessments relate to the learner’s own values and
priorities and can online ratings inform their choices?
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3) Strengthening meta-cognition and self-regulation
Meta-cognition (thinking about thinking) and selfregulation (self control) are both central to effective
learning and assessment. This includes the way we
construct our identities as learners, awareness of effective
learning approaches and strategies, and how cognition
affects perception and judgment, including the potential
for bias and error.
Self-regulation places the emphasis on the process of
learning rather than the outcome. Assessment may
focus on self-monitoring and the development of
strategies to support persistence and effort. Here, the
kind of tracking programmes mentioned above, that
support self-assessment – whether against one’s own
prior performances, against clear goals, or against the
performance of peers (respectively ipsative-, criterionor norm-referenced assessments) may support the
development of effective self-regulation.
Meta-cognition is also vital in understanding the quality
of learning, whether toward specific goals or in exploring
new ideas. Awareness of the potential for bias and error in
assessments, are an important aspect of meta-cognition.
Kahneman (2011) notes that, for the most part, we rely
upon impressions and feelings and are confident in our
intuitive judgments. Such judgments and actions may be
appropriate most of the time. However, cognition can
also induce people to make errors and biased judgments
on a systematic basis. While individuals are capable of
sophisticated thinking, it requires much greater level of
mental effort, and the normal human tendency is to revert
to intuitive approaches. Awareness of these weaknesses
and that they may be particularly dangerous in certain
circumstances is a first step toward more effective
assessment. More advanced assessment competences
mean that individuals are better able to regulate the use
of cognitive and intuitive approaches as well as recognize
situations when error and bias might be more likely.
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4) Judging the quality of information gathered in the
assessment process
The quality of information gathered in assessment
processes is vital for learning, whether outcomes are
known or yet to be discovered. In the case of learning
aimed at specific goals or outcomes, assessments of
learner attainment are effective only if they are both valid
and reliable. Validity means that the assessments measure
what they purport to measure, while reliability means
the assessment can be repeated and produce consistent
results. Validity and reliability are important whether
referring to large-scale, high-stakes assessments, classroom
questioning, or self- and peer-assessment.
The quality of information gathered in assessment is
also vital for learning when it involves radical re-framing
of ideas to open new ways of thinking and acting and
finding novel solutions and tools to address problems.
The learning outcome, in these cases, is unknown and
assessment is more about testing ideas. It may involve
“simple tinkering” or the development of predictive
models to systematically test and verify hypotheses (for
more on this topic see Tuomi’s discussion of learning
productivity in Thinking Deeper Paper Number 2).
Whether learning outcomes are known or not, both
educators and learners need to develop an understanding
of and appreciation for the quality of information
gathered in different assessment processes. This includes
an understanding of how different measurement models
mediate that information, and recognition that no single
assessment can capture all the information necessary.
Multiple measures over time are necessary for more
complete pictures. Assessment competences should thus
include an understanding of the strengths and weakness
of different approaches to measurement, and how they
complement each other.
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5) Inquiry
Both novice and expert learners may engage in inquiry as
a form of deep learning. However, inquiry also requires
strong competences to ask meaningful questions and
to pursue lines of investigation. Questions, a form of
assessment, provide a means to develop understanding,
and to identify areas where thinking is unclear.
For learners at “higher” levels of expertise, the outcomes
of any inquiry may not necessarily be known. Thus,
learners, collaborators, educators will need to develop
competences to assess learning when information is
incomplete and the answers are not clear. They will need
to set the goals for different steps of the inquiry process,
to develop criteria to gauge the quality of learning, and
to develop ways to assess it. Here, the capacity to harness
new learning analytical tools to mine “big data” and
support inquiry hold particular promise.
6) Sense-making
Individuals, whether working individually or
collaboratively, need to make sense of information
– to weigh its value and to place it in context. Sensemaking competences include the ability to sort through
information when there is too much of it, to recognize
when there is too little information, to understand the
ways in which individuals and groups shape information
based on their own frames of reference, and similarly, the
ways in which assessment technologies filter information.
Sense making may also require reassessment of beliefs and
prior knowledge in order to arrive at new and deeper
understandings, and to create new meaning. Indeed, this
kind of learning may be considered as “transformative”
and can have a profound impact on development
(Mezirow, 2011). The willingness to learn and to re-learn,
to assess and to re-assess, to experiment and reflect
creates the basis for wisdom (Miller et al., 2008).
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7) Identifying next steps for learning and progress
When the aim of assessment is to improve future learning,
then the information gathered in assessment processes
should be linked to next steps for learning. The capacity
to diagnose learning needs, and to identify appropriate
strategies and resources for further learning, to search
for further input from mentors and peers or the broader
environment, are thus an essential part of the learning
and assessment process. Indeed, this is an essential
competence for learning-to-learn.

In Conclusion
Assessment has always been an important competence
for learning to learn, but it is increasingly central as new
socio-economic contexts and new tools have increasingly
required and enabled individuals to take charge of their
own learning. The above elements represent a first effort
at re-defining and deepening assessment competences
as part of Morin’s ongoing “combat for lucidity” and
knowledge in an emergent world.
Ultimately, assessment competences are about how each
individual constructs her or his identity as a learner and
as a person. Thus, the standards which guide a learners’
development as well as the ability to assess learning when
there are no set standards, the capacity to re-assess and
re-frame ideas and prior beliefs, and the ability to define
next steps, are all vital steps along the path to lifelong
learning.
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Paper No.3 - Section 2:
Learning Analytics: A Platform for Learning
By George Siemens
Education has long been a black box where educators
and administrators have a limited understanding of the
methods, activities, and investments that produce quality
learning. Learners in turn have only a limited awareness
of the opportunities offered by tools and technologies to
improve self-regulation in the learning process.
Over the past decade, three trends have altered
information spaces: quantity of data, type of data, and
increased computation power. The quantity of data is
evident everywhere, presenting challenges for individuals
to cope with information overload. New types of data
are produced through, and captured by, social media,
mobile devices, and, increasingly, automated data capture
through sensors (i.e. the Internet of things). Finally, as
Moore’s Law has held reasonably firm, computation
power has continued to grow exponentially.
As a result of these three trends, business and
organizations increasingly recognize that data is an
asset – a resource to be managed and leveraged. “Big
data” has been coined to describe the growing quantity,
and analytic opportunity, of data. PW Anderson, in
1972, prophetically anticipated the challenge facing
organizations today: more is different. As data quantity
increases, new approaches for mining and drawing insight
from that data are needed.
Businesses have responded to the new data reality
through development of business intelligence.
Governments and many organizations (such as OECD)
have responded by opening up their data for researchers
to analyze. In the education market, interest in learning
analytics is growing as well. Learning analytics is the use
of intelligent data, learner-produced data, and analysis
models to discover patterns and connections within that
data, and to predict and advise on learning.

Knowing What You Know and Learning Analytics - Paper 3, Section 2

At a basic level, learning analytics relies on some of the
concepts employed in web analysis, such as Google
Analytics, as well as those involved in data mining. These
analytic approaches focus on learner activity through
mining clicks, attention/focus “heat maps”, social network
analysis, and recommender systems. Learning analytics
extends these basic analytics models by focusing on
curriculum mapping, personalization and adaptation,
prediction, intervention, and competency determination.
Learners constantly put-off data – sometimes explicitly
in the form of a tweet, Facebook update, logging into a
learning management system, or creating a blogpost.
At other times, unintentionally while in the course of daily
affairs (or data that is provided by someone else – such as
being tagged in Facebook). These data trails are captured
by organizations, waiting for some type of analysis
that generates insight of value. Amazon, Google, and
Facebook use this data to personalize the experience
for site users and to recommend additional resources
or social connections.
Each new source of data amplifies the potential value
of analytics. Most individuals have a fragmented
digital profile with bits and pieces of data captured
in LinkedIn, Facebook, Google, Twitter, blogs, and
closed organizational systems. When these data sources
are brought together, especially with physical world
data captured by sensors or mobile devices, they can
provide organizations with a profile of an individual (the
integration of data sources was the primary intent behind
the Information Awareness Office’s concept of Total
Information Awareness following 9/11 in the USA).
The recent development of semantic linked data
holds promise in education. For example, “intelligent”
data3 (machine-readable semantic or linked data) can
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be combined with learner-produced data, profile
information, and curricular data for advanced analysis.
The data trails and profile, in relation to existing curricula,
can be analyzed and then used to identify learners who
are at risk of dropout or failure. This identification can
then be used for automated or human intervention,
personalization, and adaptation (see figure 1).
Figure 1: Analytics for prediction and intervention

Curriculum in schools and higher education is generally
pre-planned. Designers create course content, interaction,
and support resources well before any learner arrives
for a course. This can be described as “efficient learner
hypothesis”– the assertion that learners are at roughly
the same stage when they start a course and that they
progress at roughly the same pace. Educators generally
recognize that this is not the case. Learners enter courses
with dramatically varied knowledge levels and progress
through content at different paces. As a result, the
process used by educational institutions in designing
learning is in urgent need of restructuring.

define its knowledge goals. Then, the learning system
could inform a learner that (you are 64% of the way
to a achieving a PhD in psychology, 92% to achieving
a masters in science, 100% to achieving a certificate in
online learning” and so on). If the learner then decided to
pursue a PhD in psychology, the learning system could
offer a personalized path forward that adapts constantly
to knowledge the learner acquires in the course of work,
formal learning, parenting, or the general process of
“living life”.
Analytics for pre-defined goals can be approached from
a bottom-up or top-down manner. Bottom up involves
individual educators using single functionality tools to gain
insight into the activities of learners. Fairly simple tools
exist for conducting social network or discourse analysis.
Additionally, statistics from a learning management
system can provide data on login and posting frequency,
indicators of learner specific habits.
Figure 2: Analytics Approaches

Learning content, for instance, could be computed –
a real-time rendering of learning resources and social
suggestions based on the profile of a learner, her
conceptual understanding of a subject, and her previous
experience. Competence (as measured by a degree or
certificate) need not even be explicitly pursued. For
example, an integrated learning system could track
physical and online interactions, analyze how learners are
developing skills and competencies, and then compare
formal and informal learning with discipline or field
of knowledge. This comparison may be possible if a
discipline has utilized intelligent/semantic/linked data to

Top-down analytics, in contrast, require the formation of
a strategy and vision on the part of an institution. When
viewed from an institutional level, analytics can provide
valuable information about learner success and failure by
leveraging large datasets to reveal interesting correlations.
Systems level analytics also gives an organization the
ability to plan for automated interventions and develop
learner profiles across various data sets. The analytics
process, systemically deployed, consists of the stages listed
in Table 1.
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Table 1: Analytics Process

Data Sources

Repositories

Tools and
Monitoring

Analytics Methods

Permissions

LMS, library,
social media,
support services,
mobiles, profile,
attendance

Data
warehouse
(institutional,
national)

Dashboards,
visualization, query &
drill down, automated
monitoring,
“quantified self”
monitoring

Predictive modeling,
course-path, social
network, data mining,
learner profile,
discourse analysis

Administration,
faculty, learners,
reporting agencies

When learning analytics are deployed systemically, several
important, and integrated, functionality areas are needed
(figure 3). The analytics engine or module includes the
specific analysis being performed on learner data such
as social network analysis, predictions of learner failure,
and evaluation of the impact of taking different course
paths on learner success. The analytics engine draws data
from learning management systems and personal learning
environments, the social web, organizational learner
profiles, and physical world data such as library usage.
The intervention engine is activated when learners exhibit
signs of risk for dropout or failure or sub-optimal learning
paths and activities. The adaptation and personalization
engine uses intelligent learning content and compares
learner ongoing activity with the goals or targets of
a particular course or learning experience. Finally,
dashboards enable end users (learners, educators, and
administrators) to query data and visualize how different
learners are performing.
Figure 3: Analytics Architecture 4

Knowing What You Know and Learning Analytics - Paper 3, Section 2

Many segments of the information industry – music,
movies, news – have been dramatically altered by digital
information and new options for end users to manage
and control information. The financial and accountability
pressures facing education, coupled with disruptive
advances in technology, present a crisis point for the
industry. Education is adapting and evolving with the
changes in today’s technology and information climate.
Analytics hold the prospect of enabling changes and
restructuring to the processes of teaching, learning, and
administration. More importantly, analytics provide a
feedback loop to track the impact of change initiatives,
in education systems with predefined goals and
potentially, as “assessment competences” improve, with
open self-referential learning. Today’s recognition of
societal complexity and the transformations occurring in
the education market are providing important incentives
for efforts to construct new platforms for improving the
quality of information that learners and educators use.
Learning analytics open up the prospect of providing new
resources for leaders, educators, and learners to make a
leap in learning productivity happen.
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Endnotes - Paper 2, Sections 1 and 2
1 This expansive approach builds on a presentation by Miller (2011) building on the work of Illeris (2007) who defines learning as “any process that in
living organisms leads to permanent capacity change and which is not solely due to biological maturation or ageing.”
2 As defined by Eurydice in the European network on education systems and policies, learning to learn involves “….self-initiated, self- regulated, intentional learning at all stages of life”. Individuals are made aware of how and why they acquire and process different types of knowledge, and are able to
chose the learning methods and environments that are most effective for them (Eurydice, 2002, p. 16).
3 The data is not literally “intelligent”. Instead, it is data that exists in a format or ontology that allows for greater use and readability by computers. Early
visions of the semantic web reflect this concept of data structures that permit greater variety of computer use due to greater clarity provided by ontologies.

4 White paper from Society for Learning Analytics Research: http://www.solaresearch.org/
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