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Abstract:  Over the past five years or so, the concept of a learning progression has gained trac-
tion in the United States (US) science education community. Learning progressions have been 
touted as a means of addressing a number of vexing and persistent problems facing science educa-
tion in the US (and around the world). In particular, there is great excitement over the potential of 
learning progressions to provide much needed coherence to standards, curricula, and assessments. 
Although relatively new, this promising approach is already having a significant impact on the 
landscape of US science education. However, there are also concerns that this influence may be 
premature. A substantial challenge lies in the validation of learning progressions—how to ensure 
that these tools, which are rapidly being incorporated into policy and practice, have sufficient 
empirical justification. This paper discusses both the promise and challenge of work to validate 
learning progressions for use in science education reform.
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Learning progressions: Große Versprechungen, große Herausforderungen

Zusammenfassung: Seit etwa fünf Jahren hat das Konzept der learning progressions an Be-
deutung in der Naturwissenschaftsdidaktik in den USA gewonnen. Learning progressions weck-
en große Hoffnungen in Bezug auf die Bewältigung der komplexen und andauernden Heraus-
forderungen, die sich naturwissenschaftlicher Bildung in den USA wie auch weltweit stellen. Vor 
allem wird erwartet, dass learning progressions einen Beitrag zur Kohärenz zwischen Standards, 
Lehrplänen und Assessment leisten können. Obwohl dieser viel versprechende Ansatz noch rela-
tiv neu ist, hat er bereits einen großen Einfluss auf naturwissenschaftlichen Unterricht in den USA 
ausgeübt. Allerdings gibt es auch Bedenken, dass dieser Einfluss verfrüht sein könnte, denn eine 
zentrale Herausforderung ist die Validierung von learning progressions: Wie kann sichergestellt 
werden, dass dieser Ansatz, der so schnell in die Bildungspolitik bzw. in die pädagogische Praxis 
aufgenommen worden ist, empirisch abgesichert wird? Dieser Beitrag setzt sich sowohl mit dem 
Potenzial als auch mit den Herausforderungen der Validierung von learning progressions als Mit-
tel zur Reform des naturwissenschaftlichen Unterrichts auseinander. Das Beispiel einer learning 
progression zum Thema „Kraft und Bewegung“ wird dabei zur Illustration genutzt.
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Over the past five years or so, the concept of a learning progression has gained traction 
in the United States (US) science education community. Learning progressions have been 
touted as a means of addressing a number of vexing and persistent problems facing science 
education in the US (and around the world). In particular, there is great excitement over 
the potential of learning progressions to provide much needed coherence to standards, 
curricula, and assessments. Although relatively new, this promising approach is already 
having a significant impact on the landscape of US science education. However, there are 
also concerns that this influence may be premature (e.g., Shavelson and Kurpius in press). 
A substantial challenge lies in the validation of learning progressions—how to ensure that 
these tools, which are rapidly being incorporated into policy and practice, have sufficient 
empirical justification.

This paper is divided into two sections, each representing one side of the tension that 
is facing learning progression researchers in their quest to produce high-quality tools that 
can play a significant role in the improvement of science education. In the first section, I 
introduce the concept of a learning progression, focusing in particular upon the promise of 
learning progressions for science education reform. In the second, I discuss the challenges 
that researchers face in validating learning progressions. To illustrate these ideas, I pro-
vide the example of a learning progression in the domain of physics (force and motion).

1  The promise of learning progressions

Perhaps the most widely adopted definition of learning progressions was put forth by the 
US National Research Council (NRC) in 2007: “descriptions of the successively more 
sophisticated ways of thinking about a topic that can follow one another as children learn” 
(p. 219). Unpacking this definition reveals several key features of learning progressions.

First, learning progressions describe qualitatively different ways of thinking about a 
topic. This represents an important contrast to a more dichotomous view of learning in 
which students “get” or “do not get” a particular scientific idea. To reflect qualitative 
differences between naïve and expert understanding, learning progressions are typically 
organized into levels: the first level (or lower anchor) describes students’ pre-instruc-
tional ideas, the top level (or upper anchor) describes targeted ideas, and the levels in 
between describe the ideas that students are likely to hold as they traverse the conceptual 
space from the lower to the upper anchor. Differences between levels reflect different 
ways of thinking about a topic, not simply the acquisition of additional ideas. Due to its 
complexity, the space between the lower and upper anchors has been referred to as the 
“messy middle” (Gotwals and Songer 2010, p. 277).

Second, by focusing on “ways of thinking,” learning progressions break down scien-
tific topics according to the nature of students’ thinking rather than a logical analysis of 
the content. Thus learning progressions are not simply strand maps (showing connections 
between scientific topics) or lists of content that is increasingly more difficult to master. 
Instead, learning progressions
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articulate the ideas… characteristic of students at a given level of sophistication. 
Importantly, these descriptions focus not only on scientifically correct ideas; at 
lower levels they also identify non-canonical ways of thinking that may be useful 
for learners in terms of their present ideas… and may be productive, leading to more 
sophisticated understandings. (Alonzo et al. in press)

Indeed, as discussed below, much of the work on learning progressions relies heavily 
upon prior studies of misconceptions (e.g., Duit 2009);1 this research is used not only to 
define the lower anchor but also to inform the description of intermediate learning pro-
gression levels.

Third, the use of the conditional “can” signals that learning progressions are not 
developmentally inevitable; they seek to describe the learning that is possible with well-
sequenced and carefully designed instruction. While—as discussed below—learning pro-
gressions differ in their reliance upon specific instructional interventions, all have as their 
goal pushing students beyond what they might learn from everyday experience and even 
beyond what they are learning under current educational conditions. The word “can” also 
signals that there is not likely to be a single pathway between naïve and expert under-
standings. Multiple learning progressions may be possible.

These features of learning progressions have led to great excitement among both 
researchers and practitioners. The US science education system has long been criticized 
for its incoherence and failure to focus on core ideas (e.g., Schmidt et al. 1997), and learn-
ing progressions are touted as a means of remedying these deficiencies. The US NRC 
(2007) introduced a chapter on learning progressions with the motivation:

Many standards and curricula contain too many disconnected topics that are given 
equal priority. Too little attention is given to how students’ understanding of a topic 
can be supported and enhanced from grade to grade. As a result, topics receive 
repeated, shallow coverage with little consistency, which provides a fragile founda-
tion for further knowledge growth. (p. 213)

In addition to providing coherence to individual parts of the educational system, learning 
progressions may provide needed links among parts—for example, among curriculum, 
instruction, and assessment (NRC 2006) and among different levels of an assessment 
system (Black et al. 2011). Because learning progressions attend to the nature of students’ 
thinking, they may support decisions about standards and curricula that will result in 
more developmentally appropriate instruction (Stevens et al. 2007). In addition, because 
they lay out a map for how students might reach targeted understandings over time, lear-
ning-progression-based educational tools (standards, curricula, assessments) may help 
students to realize the often lofty goals that we set for them (and that many fail to reach, 
given current instructional practices).

In addition to this “big picture” promise of learning progressions, a small group of 
researchers is interested in the potential of learning progressions to support classroom-
level instructional practices. Learning progressions may provide teachers with a vision 
for how student knowledge and skills can develop. This underlying framework may then 
inform instructional decisions and the formative assessment process (Alonzo 2011; Fur-
tak et al. in press), leading to higher quality instruction.
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These hopes are rapidly being put into practice. The new framework for the US National 
Assessment of Educational Progress (NAEP) includes a call for the use of learning pro-
gressions (National Assessment Governing Board 2008). The State of Massachusetts is 
revising its science standards using researcher-developed templates that lay out hypo-
thetical progressions (Foster and Wiser in press); these progressions are similar to the first 
step in the iterative process of developing, revising, and validating learning progressions 
described below. The preliminary draft of guidelines for new US national science edu-
cation standards relied upon “prototype learning progressions” (NRC 2010, p. 7-1) and 
called for the new generation of science standards to be organized around these progres-
sions. Researchers are developing curricula to support the trajectories of student learning 
envisioned by their learning progressions (e.g., Wiser et al. in press), and teacher profes-
sional development is being organized around learning progressions (see, for example, 
http://datause.cse.ucla.edu/iowa.php).

Despite consensus about the promise of learning progressions and fundamental aspects 
of this concept, there exists much variation in the examples of learning progressions that 
have been proposed and investigated. This variation is perhaps related to researchers’ 
emphasis on different aspects of this promise (Alonzo 2009). While a full exploration of 
this variation is beyond the scope of this paper, discussion of some differences among 
learning progressions will provide the reader with a sense for the “learning progression 
landscape.”

Perhaps the most fundamental difference among learning progression examples is 
their breadth—how much instructional time they represent and how much content they 
include. The two learning progressions commissioned by the US National Academy of 
Sciences (Catley et al. 2004; Smith et al. 2006) span many years of instruction. Indeed, 
the US NRC (2007) has explicitly stated that learning progressions should have this broad 
scope, calling for descriptions of student thinking over 6–8 years of instruction. In con-
trast, other learning progressions describe the development of student thinking over much 
smaller periods of time. For example, a learning progression has been developed for the 
topic of Why Things Sink and Float (Shavelson et al. 2008), describing students’ progress 
over the course of a single instructional unit. Some learning progressions consider learn-
ing along a single dimension (e.g., Alonzo and Steedle 2009; Shavelson et al. 2008), 
while others describe several strands of interconnected content (e.g., Alonzo et al. 2009; 
Songer et al. 2009). Wilson (2009, in press) has explored ways of representing more com-
plex learning progressions with sets of interconnected construct maps.

Closely related to the breadth of learning progressions is their grain size. Some learn-
ing progressions describe broad reconceptualizations of student thinking, with each level 
representing a significant change from the one before (e.g., Gunckel et al. in press), while 
others detail much smaller changes in student thinking (e.g., Shavelson et al. 2008). Since 
learning progressions tend to have similar numbers of levels (4–6), learning progressions 
spanning more instructional time tend to have broader levels and, thus, to be defined with 
a larger grain size.

Another significant difference among learning progression examples is what progresses 
and whether content, practices, or both are highlighted. Many learning progressions 
describe changes in students’ content understandings, but there are examples of learning 
progressions that focus exclusively on practices (e.g., Schwarz et al. in press) and oth-
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ers that explicitly cross content and practices (e.g., Gotwals et al. in press). Even within 
examples that highlight content, there is variation in what is considered to progress, with 
some learning progressions focusing on students’ accounts or explanations for phenom-
ena (e.g., Gunckel et al. in press) and others focusing on predictions (e.g., Alonzo and 
Steedle 2009).

Learning progressions also vary in the extent to which progress depends upon particu-
lar instructional interventions, with some examples documenting student learning under 
current instructional conditions and others envisioning something much different from 
the status quo. To some degree, this may represent differences in the maturity of various 
development efforts. Many researchers start with initial hypotheses about how student 
thinking evolves, based upon existing literature and work with students experiencing sta-
tus quo instruction. But pushing beyond the status quo requires consideration of how 
students might learn with different instruction. For this to occur, researchers carefully 
design instructional sequences that they believe will advance students from their current 
level of understanding to that targeted in the learning progression. This leads to a final 
difference among existing learning progression examples. While some argue that learning 
progressions must include instructional interventions (e.g., Krajcik in press), associated 
assessments (e.g., Corcoran et al. 2009), or tools for formative assessment (Furtak et al. in 
press), most existing learning progressions are “naked,” including solely the description 
of different levels, perhaps accompanied by some explanatory text.

1.1  Force and motion example

To illustrate the learning progression concept, I present the example of a force & motion 
learning progression, which “focuses upon students’ ability to make predictions about 
situations involving force and/or motion: predicting the force(s), given information about 
an object’s motion, and vice versa” (Alonzo 2010, p. 588). The current version of this 
learning progression is shown in Fig. 1. This learning progression is very simple: it con-
sists of a single construct map and is not explicitly linked to the development of other 
concepts. In addition, it covers a relatively short period of instruction. Although one may 
certainly describe students’ understandings of basic mechanics, extending from pre-school 
understandings to much more complex and mathematical understandings expected of stu-
dents graduating from high school, this particular progression is designed to describe 
student thinking over a relatively short period of time: students’ first formal exposure to 
force & motion, currently around ages 12–14. Thus rather than covering years of instruc-
tion, the learning progression describes changes in students’ thinking that are expected 
to take place over the weeks devoted to this topic in a middle school science or general 
high school physical science course. The learning progression was designed to support 
teachers’ formative assessment practices during instruction on this topic.

2  The challenge to learning progressions

From the previous section, one might have the sense of careful and detailed work being 
undertaken by individual research groups, developing tools that—while all in line with a 
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general vision for learning progressions—do not reflect coherence across efforts. In addi-
tion, as the US National Assessment Governing Board (2008) noted, “learning progressions 
are partly hypothetical and inferential since long-term longitudinal accounts of learning 
by individual students do not exist” (p. 90). Yet learning progressions are being incorpo- 
rated into important educational policies and practices with great rapidity. This gives rise 
to a major tension: for learning progressions to have the desired effects, they must not 
remain within the research community; however, learning progressions are complicated 
research products, requiring significant validation efforts before they can be trusted as 
the basis for practical decisions. In this section, I describe the empirical basis for learning 
progressions from the perspective of evidence needed to define, refine, and validate these 
hypotheses about student learning. In doing so, I describe the challenges that researchers 
face in conducting this validation work, using the force & motion learning progression 
as an example.

To define a learning progression, most researchers rely upon existing literature, often 
including their own extensive work in a particular area of the science curriculum. Due to the 
nature of prior work on students’ conceptions in science, this literature typically includes 
research on student misconceptions. However, as I have argued elsewhere (Alonzo 2011), 
empirical evidence to develop a learning progression needs to go beyond documenting 
how students’ ideas differ from those of scientists to characterize the nature of students’ 
thinking. Where sufficient literature does not exist, learning progression researchers may 
fill in gaps with their own targeted studies (e.g., Plummer in press) or with informed 
hypotheses about patterns of student thinking at different levels of sophistication. This 
is particularly important because research has tended to focus on isolated ideas without 
exploring how thinking about one idea is related to thinking about other related ideas. 
Therefore, part of what the learning progression researchers must do is hypothesize about 
how a set of ideas “hang together” to create a learning progression level. In addition, 
although researchers need longitudinal evidence of students learning under carefully-
designed conditions, the research base is largely cross-sectional and reflects status quo 
instruction. Researchers may know what students at a given age typically think about a 
particular topic but less about how ideas become more sophisticated over time under ideal 
instructional conditions.

Once a preliminary learning progression has been defined, empirical evidence is 
required to evaluate its consistency with students’ actual thinking. For any given topic 
in the science curriculum, it is unlikely that specific hypotheses about student learn-
ing—embedded in a particular learning progression—have been fully explored. This 
process involves eliciting student responses, interpreting them with respect to the learn-
ing progression, and using the results to modify both the assessment tasks and the learn-
ing progression itself. In describing this necessarily iterative process, many researchers 
rely upon the assessment triangle (NRC 2001), which considers the process of “knowing 
what students know” to represent three vertices of a triangle: cognition—“a theory or 
set of beliefs about how students… develop competence in a domain” (p. 44); observa-
tion—tasks that can elicit student responses that indicate their level of competence; and 
interpretation—how student responses to assessment tasks are interpreted in light of the 
cognition vertex. In the learning progression context, the cognition vertex represents the 
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learning progression itself, while the observation and interpretation vertices represent 
efforts to assess student understanding with respect to the learning progression.

Consistent with the nature of learning progressions themselves, learning progres-
sion assessments must not simply evaluate whether students have mastered a particular 
component of a targeted idea. Instead, they must elicit the nature of students’ thinking 
about that idea. This typically means providing opportunities for students to respond to 
an assessment task at a variety of different levels rather than assessing for the presence/
absence of features of a particular level (Alonzo et al. in press). However, it may not be 
possible to assess every level of a given learning progression with a single item: higher 
level items may be inaccessible to students at lower levels of the learning progression, 
and items that are comprehensible to students at lower levels may not elicit the full under-
standing of students at higher levels (Jin and Anderson in press). While open-ended items 
may be used to elicit student understanding relative to a learning progression, a novel 
item format—ordered multiple choice (OMC; Briggs et al. 2006)—has been designed 
specifically for this purpose. These items look like regular multiple-choice items, but 
instead of presenting students with one correct choice and 3–4 incorrect choices, OMC 
items present students with choices that are each linked to a level of a learning progres-
sion. Responses to sets of these items can be used to provide diagnoses of students’ learn-
ing progression levels. Learning progression researchers have relied upon combinations 
of clinical interviews and written assessment items (both open-ended and OMC items) to 
gather evidence to inform revision/validation of learning progressions.

Two key sets of questions must be asked as evidence is gathered to revise/validate a 
learning progression. The first concerns the nature of students’ thinking and the extent 
to which the learning progression levels provide accurate descriptions of that think-
ing. Qualitative evidence can help to determine whether the nature of students’ think-
ing is reflected in the levels of a learning progression. Cognitive interviews can explore 
students’ thinking, and written responses to open-ended questions can provide further 
evidence of that thinking. Do students talk/write about the science topic in ways consist- 
ent with the descriptions in the learning progression? As part of this process, researchers 
will often attempt to score student responses, using the learning progression as a scoring 
guide. The goal of this process is to identify aspects of student thinking that are incon-
sistent with level descriptions. Since learning progressions should—to the extent pos-
sible—reflect student thinking rather than researcher thinking, wording is important. If 
students do not express their ideas in ways reflected in the learning progression, revisions 
to the learning progression are needed.

Both qualitative and quantitative evidence can be used to explore the extent to which 
level descriptions can be used to provide a reliable estimate of students’ current under-
standings. As is well-documented in physics, students tend to think in ways that appear 
inconsistent from a disciplinary perspective (Chi et al. 1981; Finegold and Gorsky 1991). 
And, as described above, researchers often make educated guesses about how to group 
aspects of student thinking into levels. Evidence is needed to evaluate whether students’ 
ideas hang together as predicted by level descriptions. In other words, do students answer 
questions consistent with level descriptions across tasks? Do the levels have predictive 
power, in that students’ responses to items in one context can be used to predict their 
performance on items in a different context? In order to answer these questions, student 
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responses are needed to a range of different assessment items. This is most efficiently 
accomplished through written assessment tasks, although cognitive and think aloud inter-
views (Ericsson and Simon 1993) focused on specific assessment items can be invalu-
able in exploring the reasoning behind seemingly inconsistent responses. Where possible, 
learning progression level descriptions must be rewritten so that student thinking—when 
viewed from the lens of the learning progression—appears to be consistent. Without this 
consistency, learning progressions face serious challenges as the basis for assessment, 
and even for guiding instruction.

Since learning progressions are designed to capture learning or progress, the second 
set of refinement/validation questions concerns the extent to which students actually 
progress through the levels in ways that are described. These questions require longitu-
dinal studies. Such studies are particularly important because, as mentioned above, most 
learning progressions are built upon cross-sectional research. Because few students reach 
targeted understandings under current instructional conditions, this set of questions often 
involves “teaching experiments” (Anderson 2008, p. 3). Is it possible to design teaching 
strategies that move students from one level to the next? While still not fully longitudinal, 
if successful, teaching experiments can provide evidence for the validity of particular 
transitions within the learning progression (i.e., from Level X to Level X + 1). However, 
a learning progression is more than a sum of transitions; it represents the promise that 
students who are guided through a series of transitions will eventually reach the tar-
geted understandings (the top level of the learning progression). Over time, do students 
progressing through the series of levels depicted in a learning progression reach the top 
level? The broader the scope of the learning progression, the more challenging this ques-
tion becomes to answer. In addition, because there may be multiple curricular strate-
gies for supporting students’ progress along a given learning progression (and multiple 
learning progressions describing progress from naïve to expert understanding in a given 
domain), it may not be enough to demonstrate that a single set of instructional strategies 
is effective in advancing student understandings. To fully validate a learning progression, 
researchers may need to explore alternative instructional strategies and even alternative 
learning progression hypotheses, if only to have increased confidence in the validity of a 
particular approach.

Thus in order to validate a learning progression—to provide evidence that it reflects 
students’ thinking and represents a viable pathway towards targeted understand- 
ings—a significant research effort is needed. To my knowledge, no research group has 
followed all of these steps to produce a fully validated learning progression, and the 
groups that have come closest (e.g., Jin and Anderson in press) have significant resources 
at their disposal. In addition to the scope of work involved, a number of challenges com-
plicate this endeavor. First, as described above, the nature of student thinking is complex. 
It is an open question whether the messy middle of learning progressions can ever truly 
capture the nature of student thinking as it develops. Learning progression hypotheses 
assume a mental model perspective, in which students’ ideas are coherent and well-char-
acterized, even when not consistent with accepted scientific theories. However, it may be 
that knowledge exists in pieces (diSessa 1993; diSessa et al. 2004) and that attempts to 
characterize student thinking as coherent will always fail (Steedle and Shavelson 2009). 
Second, there are challenges to conducting research aimed at the ideal in the context 
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of less-than-ideal classroom environments. Teaching strategies proposed to support stu-
dents in making progress from one level to another often require significant departures 
from current practice (e.g., Schwarz et al. in press). Teachers and students may not be 
prepared to engage in the envisioned teaching strategies due to prior educational experi-
ences. Similarly, learning progressions for secondary students often make assumptions 
about students’ learning at earlier grade levels (e.g., Plummer in press). Under ideal 
conditions (such as those that may eventually be supported by the learning progression 
approach), students may come to the study of a particular topic with important prerequi-
site knowledge, but when the students currently available for validation work do not have 
that knowledge, it becomes difficult to test a learning progression. Thus some researchers 
are hypothesizing about the instruction that students must experience from an early age 
and studying students over time, as they learn science under more ideal conditions (e.g., 
Lehrer and Schauble 2008). All of these validation efforts tend to take place on a rela-
tively small scale, but researchers must demonstrate that learning progressions describe 
the learning of a representative sample of US students—not just students in schools that 
are regularly tapped to participate in university-based research. While it may not be pos-
sible to conduct longitudinal studies with large numbers of students, carefully-designed 
studies will be needed to demonstrate that the learning progressions—and policies and 
practices derived from them—make sense for the range of students in US schools.

2.1  Force and motion example

Even with the relatively simple example of the force & motion learning progression, 
empirical validation is a daunting endeavor. One can extrapolate from this example to 
consider how much more complex the process becomes as the learning progression beco-
mes more complicated (spanning more complex webs of content and encompassing a 
much longer period of time, depending more heavily upon earlier instructional experien-
ces, etc.). Details about developing and collecting empirical evidence for refining the 
force & motion learning progression can be found in Alonzo and Steedle (2009). For the 
purposes of this paper, I provide a brief overview of this process before discussing addi-
tional steps that would need to be taken to empirically validate this learning progression.

The top level of a preliminary learning progression for force & motion was defined 
with reference to understandings expected of eighth grade students in US science educa-
tion standards (American Association for the Advancement of Science 1993; NRC 1996). 
Lower levels of the learning progression were defined on the basis of an extensive body 
of research on students’ misconceptions. Because this literature tends to document stu-
dents’ ideas without exploring connections between their thinking about different ideas, 
defining the preliminary learning progression required conjectures about how particular 
ideas might be related in students’ minds. In particular, to define the initial learning pro-
gression, we hypothesized that full understanding of stationary objects would precede full 
understanding of moving objects.

To date, three small studies have been conducted to evaluate the hypotheses embed-
ded in the preliminary learning progression. The purpose of these studies was to explore 
students’ thinking relative to the force & motion learning progression and to revise both 
assessment items and the learning progression itself. The studies were conducted in a 
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variety of instructional contexts so that findings would not be dependent upon a particu-
lar curriculum. The first two studies involved only written assessment items; students 
responded to both open-ended and OMC items. A key purpose of this work was to ensure 
that the OMC options captured the nature of students’ thinking (as reflected in open-
ended versions of the same items); thus, as a result of findings from these studies, items 
were revised to better reflect students’ language. In addition, these studies resulted in 
significant changes to the learning progression itself. Data collected in these two studies 
called into question assumptions that were made in the preliminary learning progression 
about the ways that students’ understanding of the word “force” would change in relation 
to their understandings of the relationship between force and motion. In particular, the 
preliminary learning progression assumed that students at lower levels of the learning 
progression would hold a view of force consistent with Ionnides and Vosniadou’s (2001) 
notion of “acquired force”—force as something a moving object carries with it to keep 
it going. However, as reflected in Fig. 1, we found evidence that students retained this 
view of force, even as their understandings of the relationship between force and motion 
became more sophisticated. In the third study, student responses to additional OMC and 
OE items, as well as cognitive and think-aloud interviews with a subset of students, pro-
vided additional evidence with respect to the nature of students’ thinking about force & 
motion. In particular, this study explored the consistency of students’ responses across 
problem contexts and the role of language in student responses. As predicted (based upon 
literature documenting students’ inconsistency in thinking about this topic), students did 
not exhibit the same level of understanding across different problem contexts. Even among 
items designed to tap the same scientific principle, students did not respond consistently 
across problem contexts. This resulted in moderate reliabilities for learning progression 
level diagnoses. In addition, despite changes to the learning progression and associated 
items on the basis of the first two studies, students’ interpretations of the word “force” 
continued to impact their ability to respond to the assessment items in predicted ways.

To date, the learning progression has been revised (to produce the version in Fig. 1), 
but it is not fully validated. In particular, no evidence has been provided that students 
progress through the levels as predicted, since longitudinal data has not been collected. 
Work on this learning progression has reached a crossroads, with two possible paths for-
ward. In many ways, this may represent—on a very small scale—the dilemma facing the 
field at this point in time. One path would involve moving forward with the refinement/
validation process. The work to date has explored the extent to which the learning pro-
gression matches students’ thinking; the next step would be to explore the extent to which 
the learning progression reflects how student thinking evolves. This would require addi-
tional work in classrooms—to document students’ progress and explore ways of making 
that progress more efficient and productive. For example, one might imagine working 
with a set of teachers over several iterations of their force & motion units. Initially, this 
work could involve documenting the progress that students make with respect to the force 
& motion learning progression under current instructional conditions. The results of this 
initial data collection could be used to explore with teachers how they might provide 
more targeted support to move students from one level to the next; over time, the learning 
progression could be revised to reflect learning under more ideal instructional conditions. 
In doing so, we make a strong assumption—particularly given available evidence about 
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the issues with the current learning progression—that the current version of the learning 
progression provides a reasonable framework for analyzing and informing the progress 
that students make as they learn about force & motion. While additional changes to the 
learning progression as the result of teaching experiments and work with teachers may 
help to resolve issues related to consistency and language, this is certainly not assured.

The other path would reconsider the foundation of the learning progression itself. As 
noted above, much of the work on force & motion has focused more on students’ mis-
conceptions (what they don’t know) and less on the nature of their thinking (what they 
do know). It may be that learning progressions with this foundation are simply unable to 
capture the messy middle and, thus, the complexity of students’ thinking as they traverse 
the space between naïve and expert understandings (Alonzo 2011). Additional research 
may be needed to have confidence that the learning progression captures the nature of 
students’ thinking as accurately as possible. Because language related to the word “force” 
has proved to be a consistent source of difficulty with respect to this learning progression 
and its associated assessment items, one approach may be to reframe consideration of the 
learning progression in terms of a transition between everyday and scientific discourse 
(Alonzo 2010). There is some evidence to support this approach, in terms of consideration 
of students’ responses to familiar and unfamiliar problem contexts; reframing the learning 
progression in this way would require research on the nature of students’ thinking that 
does not currently exist. However, this work may be necessary, given evidence that the 
learning progression is not fully capturing students’ thinking. Students may appear to 
answer questions more consistently if we can find ways to describe their thinking more 
accurately.

This small example serves to illuminate the larger dilemma faced by the field more 
broadly: Should we press ahead with policies and practices based upon learning progres-
sions, recognizing that most are empirically-grounded but as-yet untested hypotheses? Or 
should we take a step back to undertake the painstaking work that would be required to 
provide a more solid empirical basis for learning progressions, recognizing that this will 
not meet current policy needs (and thus that the opportunity for learning progressions to 
impact science education reform may be lost or at least delayed)?

Endnote

1 Here, I use the term misconceptions to refer to the pre-instructional ideas students have about 
scientific topics that are inconsistent with canonical scientific ideas. These pre-instructional 
ideas are often based upon students’ experiences in the world and, thus, have proven useful 
in making sense of these experiences and may be useful in developing more scientific ideas. 
Others may prefer terms such as preconceptions or alternative conceptions. I use misconcep-
tions because I have found this term to be the most clearly understood when working with 
teachers.
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