detail about the likely scale of imperfection. Having an honest
understanding of what can be achieved is important if we are to ensure

that the demands placed upon an assessment system are realistic.
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“Learning Progressions”: A historical and theoretical

discussion

Tom Gallacher GL Assessment' and Martin Johnson Research Division

Introduction

Learning Progressions (LPs) are a relatively recent approach that aim to
support three aspects of education: teaching and learning, assessment,
and curriculum design. According to Schmidt, Wang, and McKnight
(2005) the effectiveness of these three aspects of education may be
increased by better coherence, and the LP approach claims to improve
coherence by providing frameworks of knowledge and skills called
“LP models”. These frameworks describe the progression that can be
expected of learners through their education (Gotwals & Songer, 2013).
LP approaches are popular and influential across the fields of education
and curriculum development, with discussion being carried out across a
number of international contexts (Australian Council for Educational
Research, 2018; E. M. Kim, Haberstroh, Peters, Howell, & Nabors Olah,
2017; H. Kim & Care, 2018). This suggests that the consideration of the
approach is topical.

This article outlines the specific objectives of the LP approach, the
mechanism by which LP models may attain these objectives, and
finally, the likelihood of this attainment (based on previous evidence).

LPs should only be expected to achieve their aims if the assumptions of

1. The work was carried out when the first author was a member of the Research Division.
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the LP approach are correct; however, our view is that the evidence
suggests that the assumptions embedded within the frameworks are
overly simplistic. Education is complex and the implementation of the
LP approach to teaching and learning, assessment, or curriculum design
may have unintended consequences when implemented without
consideration of other possible approaches.

Proponents of the LP approach display a minimal engagement with
previous theories of learning, and their ideas have been criticised as
being “the latest manifestation of a much older idea, that of regularity
in the development of students as they learn a certain body of
knowledge or professional practice” (Wilson, 2009, p.716). This suggests
that LP proponents should also consider the similarities of their theory
with previous work to derive an approach that is most likely to attain its

desired objectives.

Objectives of LPs

In order for LPs to benefit teaching and learning, assessment, and
curriculum design, the approach needs to have a theory of learning that
satisfies the practical and theoretical demands of the professionals
involved in all three areas (Black, Wilson, & Yao, 2011).
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Moreover, this central theory needs to be robust to the criticism of
evidence so that it can satisfy its objectives of explaining important
phenomena. As stated, the LP approach aims to improve teaching and
learning, assessment, and curriculum design, by providing frameworks
that model the process of change that learners go through when
engaging in education. These frameworks cut across the three aspects,
and are claimed to have benefits to each independently:

Firstly, in order to benefit teaching and learning, the LP framework
aims to provide detailed instruction on the optimal order for presenting
material within a subject. This structure can then support lesson
planning, helping teachers to track student progress and identify
actions that support the learners' learning (Alonzo & Gearhart, 2006,
p100).

Secondly, to support assessment, the LP approach aims to provide a
framework for comparing different learners in order for the results of
such comparisons to be useful for learners (Catley, Lehrer, & Reiser,
2005). This framework would also provide a validity argument for
assessments (Gotwals & Songer, 2013). In addition, changing the
emphasis of assessments so that they are demonstrations of problem
solving that correspond to the way that an expert behaves (called
“learning performances”), would provide rich and useful information
on the abilities of learners (Coppola, 2006).

Thirdly, to support curriculum design, the LP approach aims to
provide a method of refining the material presented to learners
(Corcoran, Mosher, & Rogat, 2009). By empirical observation and
research, a curriculum may be optimised to enable learners to derive
the best possible education (Smith, Wiser, Anderson, & Krajcik, 2006).

The commonalities between these three areas are collectively
referred to as the theory of learning that is prescribed by the LP
approach (Black et al., 2011). It is this set of assumptions that can be
tested against the evidence already accumulated within fields of
teaching and learning, assessment, and curriculum. If the theory of
learning is not contradicted by the previous findings, then we can
presume that the theory works well enough to suggest that the
implementation of an LP approach would be useful for achieving the
stated aims. If the theory cannot account for previous findings, or
worse, predicts the opposite, then we can conclude that the theory
developers would benefit from more engagement with prior literature.

In our critique of the core issues around the LP approach, our
intention is to contribute to the debate around conceptualisations of
learning progressions and to suggest that it is also important to look

at other areas of curriculum theory for insight.

An outline of the LP approach’s theory of
learning

As mentioned, the theory of learning that is prescribed by the LP
approach underpins the three aims of the approach since it is this
theory that allows the coherence between the three areas. The LP

approach can broadly be summarised into four points:

e LP models are domain-content specific. Subjects like Science or
Mathematics have distinct ways of thinking and distinct bodies of
material that need to be taught to be understood (e.g., Smith
et al.,, 2006). This means that there are central concepts and
principles of a discipline, which ties the area to the notion of

coherent “big ideas” (e.g., see Harlen, 2010).
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e LP models incorporate knowledge and practice. Learners learn (and
demonstrate through assessment) the “what" and the "how" of a
subject domain-content (e.g., Lehrer & Schauble, 2015; Wilson, 2009).

e LP models are successive and progressive. If learners fail to master a
particular first thing, they are not able to do a specific second or third
thing (e.g., National Research Council, 2007).

e LP models are based on research about what learners can do at
different ages and stages of progression (e.g., Duncan & Hmelo-Silver,
20009).

At the simplest level, therefore, LP theory analogises learning a subject
to be like climbing a ladder. Climbing each rung is dependent on climbing
the previous rung, and it allows the climber (learner) a better view of the
subject. Therefore, the main priority for LP developers is to design the
ladder appropriately.

For illustrative purposes, a simple LP model of two ideas (“matter” and
“colour”) is conceptualised (by the authors) and presented in Figure 1.
“Naive understanding” is taken as the starting point, so these learning
progressions start with learners who have no prior empirical or “scientific”
understanding (in a conventional sense) of matter or colour, but might
have a variety of views about what matter and colour are.

In this article we argue that the LP theory of learning is made up of
four simplifications, which we can unpick to begin evaluating whether the
adoption of the LP approach at the expense of other approaches will
meet the aims above. A lot of the arguments presented have not been
addressed since the advent of previous theories of hierarchy development
(Phillips & Kelly, 1975).

Relationship between
molecule structure
and some properties
of matter

f f

Perceived colour as
absorbed/reflected
wavelengths

f f

Atomic model Absorbtion and
of matter reflection of waves

f f

Some properties
of matter change
with changes to the
matter

f f

Some properties
of matter are
independent of

Expert

Ob. d
serve understanding

wavelengths depend
on relative motion

Molecular model
of matter

Light as a mix
of wavelengths

Light as a wave
with frequency

! we can see
observation
Naive Naive -
understanding understanding Novice
of matter of colour

understanding

Figure 1: Illustrative Learning Progressions model of matter and colour
(authors' own example)?

2. Please note that that the progressions presented here are open to discussion, for example, see
Taber (2000) and his commentary on the “pedagogic pitfalls of the atomic ontology”.
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Simplification 1: LPs include a mix of
cognitive processes

The first simplification inherent in the theory of learning proposed by
the LP approach stems from the second point above: that knowledge
and practice should be combined or bundled into a unit of “concept”.
Moreover, a learner’s grasp of this concept is a part of “the
developmental pathway in which students' understanding...become([s]
more sophisticated over a long period of time” (Paik, Song, Kim, & Ha,
2017, p.4965). In the analogy of a ladder, these bundled concepts
comprise the rungs of the ladder, since they are on the same level.
Despite the legitimate concern that models can lack the sophistication
to describe complex realities (e.g., Goldstein, 1998), some theorists
have employed the metaphor of a ladder to exemplify the learning
process (e.g., Hess, 2008; Masters & Forster, 1996; Vorst, 2018). Our
concern is that the conflation of knowledge and practice into a concept
may lead to an insecure inference about what a learner “knows” based
on their performance.

Catley et al. (2005) are very explicit about how concepts implicate
the bundling of different activities together, stating that “we represent
this blend of knowledge, skills and forms of activity that support the
development of knowledge and skill as learning performances” (2005,
p.5). Other authors are less explicit, but make some reference to
differentiating cognitive processes, since all parts of understanding are
“enacted” by a “learning performance” with the material (Smith et al.,
2006).

Downplaying the differences in cognitive processes into one single
unit allows a potentially problematic assumption about what learners
can and cannot do. Any successful performance with learning materials
can be taken to indicate, according to the LP ladder analogy, that the
learners can demonstrate successful performances when the material is
presented in different ways. This is because the learner is assumed to
have gained understanding (have climbed that rung of the ladder). This
assumption, as will be seen, is not always true or useful for educators in
practice.

Some LP authors seem to have a preference for some cognitive
processes over others, such that declarative memory recall is negatively
contrasted by Smith et al. (2006, p.93) with “important aspects...of
understanding and reasoning.” Other authors are less explicit, except
that by emphasising the development of problem-solving skills, there is
little mention of developing the knowledge required by the beginner
levels (Messick, 1984, p.216) where “in beginning or low-level
achievement a major issue is the acquisition of a critical mass of
information on the subject,” with more advanced levels reflecting more

complex cognitive processes.

Simplification 1 Evidence

Firstly, the claim that different processes can be effectively bundled
together is considered a simplification given evidence from how the
development of different processes happen at different points, and are
likely to happen in cycles (Fischer, 2008). The specific cognitive
development of learners might enable them to perform some tasks with
the material, but not all, while failure at a task might be due to the
failure of several different cognitive processes. This makes it difficult for

teachers to identify how to help different learners who have a range of
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successes at different tasks. If learners are not consistently able to
demonstrate a “concept” then the ladder may be a dangerous analogy
on which to base decisions.

Within alternative theories of learning, memory is typically specified
as crucial to “higher” application of knowledge, and so in Bloom's
Taxonomy of Educational Objectives (Bloom, 1956) the cognitive
processes are shown as a hierarchy or network with memory at the
bottom. More recently revised versions of the taxonomy, such as by
Anderson and Krathwohl (2001) and Webb (1997, 1999), retain a
distinction between memory and problem solving. While recognising
the foundational nature of memory for “higher” processes, years of
teacher observation data suggests that memory, although insufficient
of itself, is a necessary requirement for higher cognitive functions.

Studies of experts and non-experts show crucial differences in
how memory - rather than understanding — is changed by learning
(e.g., National Research Council, 2000, 2001), and a theory of learning
that downplays these changes will not be able to account for such
evidence. For these reasons, if LPs were to be implemented as a system
of learning, we would expect insufficient consideration of the different
cognitive processes that support learning, and therefore that the
implementation might provide ineffective education. When
“Assessment without levels” was introduced in England, the system
“encouraged undue pace and progression onto more difficult work
while pupils still had gaps in their knowledge or understanding”
(Department for Education, 2015, p17).

This simplification has focused on the rungs of the ladder, and is

essential to understanding the next two simplifications, as will be seen.

Simplification 2: Hierarchies of concepts

The second simplification inherent in the theory stems from the third
“successive and progressive” point, such that within a subject domain
there is a hierarchy of “understandings” that proceed over the course of
learning a subject. In the analogy of the ladder, some rungs are higher
than others, with each successive rung being higher than the same set
of previous rungs, plus one more. Within each LP, some concepts are
more advanced, and are therefore closer to the concepts of experts
within that field.

The purpose of education within the LP approach is to bring the
understandings of non-experts closer to that of experts (Duschl, 2006;
Lehrer & Schauble, 2015). In addition, the role of teachers is to
mediate the material and to scaffold the learning so that learners are
brought closer to the end goal of the LP (Duncan & Hmelo-Silver,
2009).

This simplification is an attractive one, since it implies the simple
progression derived from learning (Fensham, 1994). Once a leaner has
progressed beyond a stage of learning, their understanding of a subject
is closer to that of an expert, and therefore they are able to solve more
problems than before and are ready for the next stage. It has been
noted that high performing educational jurisdictions incorporate such
a process (Valverde & Schmidt, 1998), which might support a
conclusion that such a process is useful for learning. However, this
model assumes that subject experts have a monolithic set of concepts
to be worked towards, that might not be applicable to all subject areas
(Bernstein, 1999), while teaching such a view might damage the

process of later learning (Efland, 1995).
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Simplification 2 Evidence

The evidence for hierarchies of knowledge and skills is mixed. Gagné
(1968) reviews the evidence to support the idea of “Learning Sets”,
which supports a theory of learning that claims that the optimal ordering
of material can be found empirically. Like LPs, the theory is implicitly
Vygotskian, in that the main determinant for whether a material can be
learnt is the prior learning and knowledge, rather than any formal stage
of cognitive development. For illustrative purposes, a Learning Sets
curriculum of matter and colour that builds toward one idea is presented
in Figure 2. Notice that Learning Sets allows connections between
parallel curricula, allowing the possibility of a network analogy, rather

than the ladder prescribed by Learning Progressions.
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Figure 2: Illustrative Learning Sets model of matter and colour
(authors’ own example)

Gagné & Bassler (1963) found that the forgetting of subordinate
learning sets may occur independently of, and without effect upon,
retention of the total task which has been achieved through learning.
This forgetting has implications for assessment if discrete task
performance at a particular time is taken as a signifier of learning or
ability. This undermining of the theory was also confirmed by Kolb
(1967), particularly for declarative knowledge. This suggests that
although an optimal method of presenting material could theoretically
exist, the order will not determine the retention of material by the
learner, undermining the analogy of a ladder since rungs are not retained
in the order they were climbed. More recent evidence goes one step
further to show that intermediate learners are dependent on the context
and presentation of problems to guide how they apply the skills that
they have learnt (Bao, Hogg, & Zollman, 2002). This inconsistency of
applying a skill or knowledge generalises across different cognitive
activities from declarative memory recall to problem solving beyond
secondary education. Future skill development has been argued to
require inconsistency as part of the process of consolidating learning

(Fischer, 2008). This suggests that the trajectory of learning is less like a
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ladder, but more “three steps forward, one step backwards”, and
suggests that despite its use a s a model for learning (e.g., Hess, 2008;
Masters & Forster, 1996; Vorst, 2018), the ladder analogy is inadequate
to describe the complexity of the learning process.

Applications of the LP approach that adhere to the ladder-progression
analogy are likely to be problematic if they do not consider the contexts
in which different learners can or cannot demonstrate a technique
appropriately. Such a problem has been observed in England where
“teachers planned lessons which would allow pupils to learn or
demonstrate the requirements for specific levels. This encouraged
teachers to design and use only classroom assessments that would
report a level outcome. As a result, formative classroom assessment
was not always being used as an integral part of effective teaching”
(Department for Education, 2015, p13). It may be that the conclusion
from Valverde and Schmidt (1998) failed to identify other differences
between jurisdictions that contributed to the observed high
performances in those jurisdictions.

Another problematic issue that may pertain to the ladder-progression
analogy relates to learner equity. Lehrer and Schauble (2015) note that
conforming to generalised learning models may restrict the landscape of
possibilities and deprive students the opportunity of (a) encountering
concepts that have traditionally been considered too difficult to learn,
but which can be made accessible through appropriate teaching
(White & Frederiksen, 1998); or (b) lead teachers to fail to consider that
some ideas that are presumed to be self-evident may turn out to be
more challenging when encountered from a student’s perspective
(Sandoval & Millwood, 2005).

Simplification 3: Assessment of progression

The third simplification rests on the previous two simplifications, and
states that the stage of a learner’s progression towards a goal can be
assessed reliably, and reported to learners and teachers in order to
support the overall education process (Steedle & Shavelson, 2009).
Results from assessments are taken to be a reflection of the concepts
grasped by a learner (how far up the ladder they have climbed), and their
degree of expertise. Learners are positioned not relative to each other,

but are located on the ladder of progression (Corcoran et al., 2009).

Simplification 3 Evidence

The idea that progression through levels can be reliably assessed is a
simplification since learners can inconsistently demonstrate a range of
abilities that do not support a hierarchy based solely on conceptual
difficulty. Hart (1981), as cited in Simons and Porter (2015), shows
examples of students who can demonstrate an ability when asked one
way, but not another. For example, in the case of the conceptual
difficulty of “knowledge of fractions”, 90 per cent of students can
respond that 5/7 is greater than 3/7, but only 15 per cent can respond
that 5/7 is greater than 5/9. This difference exists despite the assumed
conceptual commonality of denominator and numerator knowledge
that underpins fraction knowledge. Differences have also been found
between students’ performances on the same skills depending on
whether they were assessed by a class test or by an individual interview
(Denvir & Brown, 1987, p106).
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The same type of conclusion was reached by proponents of LP
assessments. Graf and van Rijn (2016) report that the likelihood of a
learner successfully completing a task related to three things: 1) degree
of progression through the learning pathway; 2) non-progression related
complexity, such as computation (i.e., systematic sources of difficulty
that covary with the levels of the progression but which are not specified
by the learning pathway through conceptual complexity); and 3) sources
of difficulty which are not related to the levels of the progression, such
as reading demands. Alonzo and Steedle (2009) observed that students’
responses were only 60 per cent consistent within one level of a learning
progression, with some of the rest of the variance being explained by
features of the items.

This evidence also goes some way to discredit the first simplification:
that learners routinely solve “easy questions” on “advanced concepts”
and fail “hard questions” on “basic concepts”. This means that not all
parts of a concept are a single unit, and that teaching and assessment
need multiple dimensions to understand variance in performance rather
than the unidimensional ladder analogy. Feedback which reflects a
learner’s inconsistencies would arguably be more useful for planning
future educational activities required by educators.

Attempts to make grades from summative assessments in England
reflect the trajectories of progression came to the same conclusion in the
1980s: “The larger obstacle appeared in the distribution of performances
of students. Each set of criteria of this type had to assume a model of
students’ progress...and students’ performances did not fit these
models” (Black & Wiliam, 2002, p.25). Similar concerns have also been
voiced more recently over the model of progression implied by “Single
Level Tests” (Whetton, 2008) and National Tests (Oates, 2011).

Simplification 4: Big Ideas

A fourth simplification within the LP theory of learning is the
generalisation of learning from specific “big ideas” to the breadth of a
subject area. The claim here is that learners who gain knowledge and
skills from one area of a subject are able to apply these to untaught
areas, if the original area is fundamental enough to that subject.

This claim is most relevant for curriculum designers, who may wish
learners to achieve a wide range of objectives in a fixed time. The LP
approach argues that learners who master the concepts of a specific
big idea are better placed to answer new questions from an unrelated
sub-area than are learners who master a breadth of areas to a lesser
depth. What is and what is not a “big idea” is not obvious a priori, but
criteria may include that the teaching of the idea should facilitate
understanding of current issues, be satisfying to learn, and have cultural
significance (Harlen, 2010, p.19). Although the idea of a “big idea” is
found elsewhere (Bruner, 1960, p.18), it is something that is hard to
falsify, since evidence of “no transfer” could be taken as evidence that
the taught idea was not “big" enough.

Bruner (1960) advocated a curriculum where topics are revisited at
intervals, with different ways of presenting the topic. The theory takes
an explicitly Piagetian view that learners go through stages of
representation of ideas, from enactive to iconic to symbolic. The
challenge of education, according to the Piagetian principles embodied
in such “spiral curricula”, is to present ideas in ways that correspond to
the developmental stage of the learners (Bruner, 1960, p.39; Efland,

1995). When learners are ready for the next stage of representation,
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educators need to present the same topic correspondingly, which
thereby allows a more complex understanding of the topic for the
learner. This idea echoes the thinking of LPs, but with an explicit
theoretical understanding of knowledge development. For illustrative
purposes, the LPs for matter and colour that were used in previous
figures are produced within a spiral curriculum framework (Figure 3).
Here, the connection between the nodes is unimportant because each

node is qualitatively distinct from those coming before and after.
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understanding

Symbolic Symbolic
understanding understanding
of matter of colour
Iconic Iconic

understanding understanding
of matter of colour

Enactive Enactive
understanding understanding

of matter of colour

Naive Naive
understanding understanding

of matter of colour

Novice
understanding

Figure 3: Illustrative Spiral Curricula model of matter and colour
(authors' own example)

The concept of “big ideas” in the modern sense arose from studies of
experts' thinking (National Research Council, 2007, p.37), where it
describes the ways that experts group problems that they have seen
and how they identify new problems in relation with these problem
groups (Chi, Feltovich, & Glaser, 1981). This does not, however, logically
support the idea that reducing the breadth of a subject to increase
depth of study improves the transfer of knowledge beyond the types of
problems presented. The experts studied to support the existence of
“big ideas” had themselves come through a broad curriculum before the
study, where the groupings might only emerge with sufficient exposure
to a breadth of problems encountered, rather than being directly
teachable.

The design of LP curricula is taken to be evidence based, so studying
the abilities and concepts of experts, learners, and novices is the

method to suggest useful changes to the order of an LP curriculum.

Simplification 4 Evidence

Given the inconsistency of learners’ application of knowledge within a
subdomain of content, it is unlikely that concepts (skills, knowledge,
etc.) should be applied consistently across a subject. There is little
evidence in the literature relating to transfer of learning across domains
to support a claim that reducing the breadth of a subject will improve
transfer (Salomon & Perkins, 1989). Secondly, the role of evidence in

building effective curricula predates the debates that have been spurred
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by the LP approach (e.g., Black & Simon, 1992; Bruner, 1960, p.19;
Department of Education and Science/Welsh Office, 1987, p.37).

Conclusion

The findings we have presented suggest that the theory of learning that
is inherent to the LP approach is unhelpfully simplistic. This is because
the theory does not reflect the inconsistencies and complexities of the
actual process of change that learners go through, or how inconsistently
they can demonstrate their learning. Therefore, implementation of a
theory based on the ladder analogy, replacing other approaches and
models of learning, is likely to be counterproductive for learning since
learners are never on one rung of a ladder at a time. This is not to say
that no learner makes progression, or that simplifications cannot be
useful in some contexts (such as for creating a scheme of work from a
curriculum), but that the theory described by “Learning Progressions”
authors, if implemented with no extra consideration of curriculum and
learning, would not lead to positive educational outcomes.

From the perspective of a subject expert who has made the learning
journey through a subject, it may seem that the journey was smooth in
retrospect, but this is unlikely to have been the case. Learners develop
cognitively as well as neurologically, with performance on solving
problems being at best inconsistent during intermediate phases of the
journey. The highest demonstrated level of performance from a learner
might not be maintained across different contexts, and should not be
expected to indicate mastery of activities learned previously, since
forgetting can occur independently of the order of presentation.

Our consideration of the simplifications in the underlying learning
theory of the LP approach suggests that the three aims of the approach
(i.e., to support teaching and learning, assessment, and curriculum
design) are unlikely to be met.

Firstly, tracking students’ progress and identifying actions to support
learning (Alonzo & Gearhart, 2006, p.100) is unlikely to support learning
if success or failure at a task is taken as being unproblematic evidence of
similar success and failure at related tasks. The breadth of possible
learning across contexts needs support, and this will not be provided by
an LP approach that considers these activities to be on the same rung of
the ladder and therefore unimportant. Learners' progress is not ladder-
like, but complex, and so learning activities that only consider
conceptual difficulty are unlikely to diagnose students’ particular
weaknesses (Briggs, Alonzo, Schwab, & Wilson, 2006). This point may
help to explain why it has been observed that the use of LPs to inform
teachers’ formative assessment practices has not lived up to
expectations (Hammer & Sikorski, 2015).

Secondly, the utility of the framework of levels is unlikely to provide a
valid way of comparing learner abilities since demonstrations of ability
can be inconsistent (Leahy & Wiliam, 2011, p.5). Assuming that success
or failure at one task will mean success or failure at related tasks fails to
reflect the complexities of abilities that learners have, and assessments
that report level-based outcomes will not be any more useful than
currently reported outcomes such as grades reflecting atheoretical levels
of attainment (Department for Education, 2015).

Generally speaking, the LP theory of learning, although not spelled
out in any consistent way by any author, is similar to those that have
come before, such as the Piagetian Spiral Curriculum (Bruner, 1960),

and Gagné's Learner Sets (e.g., Gagné, 1968). Many of the criticisms laid
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out here are modified versions of observations of these earlier theories
(Phillips & Kelly, 1975), and LP theory would benefit with engaging more
with such work.
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