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Questioning central assumptions of the ICAP framework
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Closing the research-practice gap in education is an important aim. The ICAP framework (for interactive, constructive, active, and
passive engagement modes) explicitly targets this aim and has gained broad attention. The ICAP framework is supposed to support
practitioners in translating research findings into practice by distinguishing between four modes of student engagement. In this
comment, we consider two central assumptions of the ICAP framework. First, the four modes of engagement are assumed to be
“reflected in the overt behavior the student exhibits while undertaking an activity”', and thus observable for teachers. Second, the
ICAP framework assumes that the interactive mode of engagement is most effective for learning, followed by constructive, then
active, and lastly passive modes (i.e. | >C> A > P, the so-called ‘ICAP-hypothesis’’?). We argue that both assumptions are

inconsistent with central tenets of empirical educational research. First, it is not sufficient to rely on overt behaviors as indicators of
learning, because they are ambiguous with respect to the underlying learning process and do not reliably indicate them. Second,
there is no “one size fits all”-order of engagement modes. Supposedly inferior engagement modes excel when used in the right
way, on the right learners, and with the right timing regarding the learning process. We elucidate the use of formative assessment
to gain insight into covert learning processes. Whereas the ICAP framework provides a seemingly plausible and easily actionable
guide for practice, practitioners should not be advised to rely on ICAP for selecting effective interventions and assessing learning

processes in the classroom.
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QUESTIONING CENTRAL ASSUMPTIONS OF THE ICAP
FRAMEWORK

Translating insights from educational research into tangible and
applicable guidelines for practitioners (e.g. teachers) is of major
importance. Researchers have tried to overcome the research-
practice gap by developing freameworks that are both accessible
and provide clear guidelines (e.g. ref. 3). A widely known
framework is the ICAP framework proposed by Chi and
colleagues'?#, The ICAP framework postulates four modes of
engagement, from which its acronym was derived: the Interactive,
Constructive, Active, and Passive mode. These four modes of
engagement are thought of as hierarchical, with higher modes
comprising lower ones, and are differentiated on the basis of
students’ overt behaviors. For example, simply reading a text
would be indicative of the passive mode, underlining text
passages while reading would be indicative of the active mode,
generating self-explanations on the text would be indicative of the
constructive mode, and discussing a text with a learning partner
would be indicative of the interactive mode. The reason for the
hierarchical ordering is that the four observable modes of
engagement are assumed to be a good-enough heuristic for
non-observable, that is, covert learning processes. “While recog-
nizing that such mapping cannot be perfectly accurate 100% of
the time, it might be good enough for an authentic classroom
environment”?. Thus, the ICAP framework links students’ overt
behaviors to covert cognitive processes and learning outcomes,
and it proposes that “higher” modes of engagement (I>C>A > P)
come with a higher probability of sustainable learning’>4.
According to Chi and Wylie' “the ICAP framework has strong
practical implications as teachers and other instructional designers
can use it to choose, modify, or design tasks for students to
perform”.

The goal of this comment is to critically discuss two core
assumptions of the ICAP framework. The first is that different
modes of cognitive engagement are to “be detected by overt
behaviors™. The second is that the four engagement modes are
hierarchically ordered regarding their effectiveness for learning,
with the interactive mode being the most effective’?. We agree
with the authors of the ICAP framework that communicating to
practitioners on how to support students’ learning is of utmost
importance. However, we argue that these two assumptions of the
ICAP framework—detection via overt behaviors and hierarchical
ordering of engagement modes—likely lead to wrong inferences
in practice, and do not correspond well with research on effective
learning and instruction. We first outline these two points of
criticism, shortly scrutinizing their empirical basis. Note that this
comment is not aimed at systematically reviewing empirical
research on the ICAP framework. Rather, we take a look at specific
studies that have been reported as strong support for the ICAP
framework, and we bring up general insights from the last
decades of educational research that question the validity of the
framework. Afterward, we discuss potential steps forward.

IS OVERT BEHAVIOR A RELIABLE INDICATOR OF STUDENTS’
COGNITIVE ENGAGEMENT?

The four modes of cognitive engagement of the ICAP framework
focus on the visible features in student behavior (i.e. overt
behavior in instructional events, such as reading a text, taking
notes, or discussing). Chi and colleagues do acknowledge that the
“correspondence between overt behavior and cognitive processes
is not perfect”®. For example, students might covertly process
content deeply while appearing passive. Their claim is that the link
between overt behavior and cognitive processes is probabilistic
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rather than deterministicc but that most of the time the
correspondence holds well enough?*. Is this really the case?

Educational research has repeatedly demonstrated that the
covert features, rather than the overt features of student behavior,
determine the effectiveness of learning activities (e.g. refs. >>6),
Such covert features encompass, for example, attending and
understanding the lesson, problem-solving, or relating new
information to prior knowledge’. Models of instructional quality,
summarizing factors that research has shown to be conducive to
learning, acknowledge this distinction and abstain from focusing
on overt features of students’ activities (e.g. ref. 3). Rather,
established evidence-based models emphasize factors such as
effective classroom management, the activation of meaningful
cognitive processes in learners, and their individual support®.
Although Chi and colleagues® purportedly agree with this
argument, the ICAP framework and its predecessor DOLA
(Differentiated Overt Learning Activities') categorize students’
learning processes based primarily on overt student behavior. Chi®
argues that attending to overt behaviors is a good approach, as
overt behaviors often are the only information that practitioners
can observe, overt behaviors can be sufficiently differentiated, and
overt behaviors can help align activities and goals. As noted, Chi
acknowledges the limitations of this assumption in stating that
the correspondence between overt behavior and covert learning
processes is only probabilistic. They add that “if necessary,
students’ [...] engagement modes can be discriminated more
precisely by comparing the information contained in students’
outputs with the information contained in the instructional
materials”?. Yet, it is worrying that research applying the ICAP
framework ignores these caveats and equates overt behavior with
cognitive engagement in a simplified manner, relying generally on
overt behavior to identify the learning process (e.g. refs. 1914,
That is, putting the ICAP framework into practice seems to entail
the danger of relying on the misunderstanding that overt
behavior alone is sufficient for gaining insight into students’
learning processes.

Let us provide some examples demonstrating that equating
overt behavior with cognitive engagement is fallible. First, Chi (e.g.
refs. %) argues that watching a video would fall in the passive
mode category. However, watching a video while following an
observation assignment (e.g. paying attention to a specific event
in the video that is crucial for understanding a key concept) can
bring students into a mode that is cognitively active (by deeply
engaging with the key event) or even constructive (by relating the
key event to prior knowledge), even though the overt behavior
remains identical. Second, a student copying examples from the
board would be seen as being in an active mode of engagement
(e.g. refs. 2*). Whereas the copying task very likely induces
procedural engagement, it is not visible from watching the
students whether they are cognitively engaged so that the task
will be conducive to learning. In comparison, a student listening to
a teacher explaining the relevance of examples on the blackboard,
without copying them, would appear passive, but may indeed
learn better (see e.g. ref. > on relevance instruction; and'® on
expansive framing). Further research has shown that tasks
involving copy-and-paste-like writing procedures are not very
conducive to learning'’, whereas appropriate teacher guidance is
a critical element in any kind of learning activity'®. Put more
generally, empirical evidence from different perspectives suggests
that it is the covert effects that influence how students learn. The
heuristic to equate overt engagement with learning is not only
misleading, it might even distract teachers from implementing
instructional features that are actually conducive to learning. This
critique is supported by recent research that reflects on the term
“active learning”"®. In line with our view, these researchers argued
that overt behavior can be misleading regarding the identification
of covert cognitive processes. Moreover, if “engagement with
instructional materials can be operationalized as active if some
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form of overt motoric action or physical manipulation is under-
taken”!, this operationalization may add a barrier to including
students with disabilities’®. Therefore, relying primarily on overt
behavior to plan, monitor, and judge the effectiveness of
instructional events and students’ learning in the classroom, even
if it is regarded only as a heuristic, bears the risk of distorting
insights into the actual covert learning processes.

Other frameworks of learning have long acknowledged this
problem and handle the term active learning carefully. For
example, Reinmann-Rothmeier and MandI?*° regarded active
learning strictly as the triggering of cognitive processes. Such
triggering—sometimes referred to as cognitive activation (e.g.
ref. 2')—may or may not be related to overt behavior.
Consequently, changes in knowledge components (i.e. the covert
learning processes) can only be detected via deliberate assess-
ment (e.g. ref. 3). Put differently, assessment events are necessary
to gain insight into students’ learning processes.

To sum up, overt behavior is an unreliable proxy of the
cognitive activities of students and of the effectiveness of
instruction (e.g. refs. >®). This evaluation is also congruent with
research on engagement arguing that although behavioral and
cognitive engagement can be related, their relation is so uncertain
that they should not be mistaken for one another?2,

Chi and colleagues'>*° acknowledge that the link between
observed behaviors and cognitive engagement is weak and
suggest attending to students’ products: “behavioral engagement,
along with student products, jointly, may be an adequate (but not
perfect) measure to reflect the differentiated underlying cognitive
processes that students are undertaking™. They suggested that
teachers need to evaluate students’ outputs, “on the rare
occasions when teachers need an accurate resolution of such
ambiguities“2. Chi and colleagues define student output as all the
products that are resulting from the learning task, “such as
explanations from self-explaining, notes from note-taking, hypoth-
eses from inducing, questions from question-asking, predictions
from generating, concept maps from drawing, self-report asser-
tions such as ‘l don’t understand’ from monitoring, perhaps in the
context of other utterances such as problem-solving protocols®.
However, it does not become clear when and in which situations
teachers are supposed to take outputs into account. In addition, as
described in the articles about the ICAP framework, student
output is not a diagnostic, structured product. Producing output
during a learning task mainly has the goal to be conducive to
learning, but whether it is diagnostic of the learning process is
unclear.

IS THE HIERARCHY OF MODES OF ENGAGEMENT A USEFUL
HEURISTIC?

To the best of our knowledge, there has been no systematic
evaluation of the hierarchy of modes of engagement as the
central hypothesis derived from the ICAP framework (i.e. | >C>
A > P; with >’ indicating more successful learning). Chi and Wylie'
explicitly state that their review of evidence is selective and that it
only refers to research in favor of the framework. The studies put
forward as the strongest tests of the ICAP hierarchy?>?* have
several weaknesses and lack ecological validity. In the first study
with 42 undergraduate engineering students, Menekse and
colleagues?® used a within-group design with one engagement
mode for the whole day alongside other activities of the course.
We highlight four weaknesses of this study. First, an artificial focus
on one engagement mode lacks validity for the varied forms of
instruction in authentic classrooms over a complete school day
(for a similar criticism see refs. 24#2°). Real classroom instruction
follows carefully designed sequences of different kinds of learning
tasks that relate to and build upon one another, rather than
isolated activities; for example, sequences of collaboration,
problem-solving and direct instruction (see e.g. refs. 2627). Such
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sequencing, which is ubiquitous in educational practice, also
contradicts the assumption of one engagement mode that is
always superior; rather, the effectiveness of a specific learning
activity depends on the timing and the readiness of the students.
Second, Menekse and colleagues®® measured learning of different
content with different learning tasks after each day, preventing
direct comparisons of the effectiveness of a mode by topic.
However, there might be interactions between learning content
and instructional strategies. Third, the interactive and constructive
modes showed a negligible and non-significant difference, which
does not support the ICAP hypothesis (see also ref. 2°). Fourth, this
study did not test the three conditions for their superiority over
the passive mode. Thus, this first study does not provide strong
support for the ICAP hypothesis.

In the second laboratory study, Menekse et al.?® investigated a
sample of 120 undergraduate students using a between-group
pre-posttest design, including all four engagement modes. In
contrast to cognitive-educational research emphasizing the need
to enrich learning activities with activating prompts'’, learners in
the passive condition had to read aloud text, producing an
artificial task that undermines basic self-regulation strategies such
as the rereading of difficult passages®®. Overall, the methodology
of both studies are far away from real classroom practice. They
lack ecological validity that is necessary to close the research-
practice gap and the results do not provide unequivocal support
for the ICAP hypothesis.

Similar to the first study of Menekse et al.>, other studies have
found that the hierarchy of the ICAP framework does not hold; for
example, Conley and colleagues' report higher levels of
engagement for passive activities compared to active activities.
Studies not explicitly relying on the ICAP framework also do not fit
to the suggested hierarchy. For example, in a series of studies
concerned with algebra learning in sixth graders, Ziegler et al.?°
found that direct instruction (encompassing more overtly passive
student engagement and less constructive student activities)
resulted in better learning outcomes than carefully designed self-
learning materials (encompassing more overtly active and
constructive modes of engagement). These findings are in
accordance with the well-established principle that particularly
novice learners benefit from more strongly teacher-guided
instruction®, which may be dismissed by an ICAP-trained observer
as more passive and thus inferior instruction. To summarize, the
empirical basis for the hierarchy specified in the ICAP framework is
not convincing.

A STEP FORWARD: HARNESSING FORMATIVE ASSESSMENT TO
UNCOVER COVERT LEARNING PROCESSES

We agree with Chi and colleagues that practitioners need
evidence-based tools that are practical in everyday teaching to
get insight into students’ learning processes. Fortunately, there are
reliable and valid approaches that serve this aim. One prime
candidate is formative assessment: systematic and regular
assessment activities before, during, and after instruction3°=32, In
contrast to the ICAP framework, formative assessment acknowl-
edges that there is no simple way to monitor learning processes
such as just noticing learners’ overt behaviors and sometimes
looking at their products. Accepting that learning processes
cannot be observed directly’, formative assessment encompasses
repeated targeted assessments of learning outcomes that provide
insight into covert learning processes. Information from these
assessments provides teachers and learners with feedback and
guidance to optimize teaching and learning processes. Formative
assessment done regularly*° can yield deep insights into students’
covert learning processes, conceptions, and level of processing. In
contrast to the inconclusive empirical basis which is available for
the ICAP hierarchy, meta-analyses on formative feedback support
its effectiveness (e.g. refs. 3132),
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To promote learning, practitioners need to think about students’
(cognitive) activities and learning processes, define learning goals,
devise suitable assessment techniques, provide feedback, and
check the alignment of these steps in combination with their
explanations and guidance during instruction33. As an anonymous
reviewer of this commentary wrote: “Teachers need to evaluate
whether the research-informed practices they are implementing
are having a positive impact on their learners in their context”. The
ICAP framework might be misleading towards this aim as modes of
engagement are judged by two susceptible sources of information:
overt behaviors and student output (“products”) resulting from
learning tasks (e.g. notes while solving problems). Learning tasks
have the primary demand to be conducive to learning, to help
learners practice, to develop their conceptual understanding, to
challenge them, or sometimes to make them fail (e.g. ref. 3%).
Learning tasks are not explicitly designed to deliver diagnostic
information. In formative assessment, the primary source of
information is the assessment task. Other information (e.g. what
students are doing) is used as a secondary source of information to
get an overall diagnostic assessment. Formative assessment
creates an explicit assessment situation and is (usually and mostly)
framed accordingly. Decades of empirical evidence suggest that
systematic formative assessment helps to gain reliable insight into
the complex interplay of instruction and learning®°—2,
In sum, we argue that observing whether a student is watching
a video, taking notes, writing summaries, or discussing with other
students is not sufficiently reliable to gain insight into learning
processes. It is crucial to systematically monitor and assess the
covert learning processes to reach a certain learning goal. The
ICAP framework, however, does not provide guidance on how to
generate and use such diagnostic information on students’covert
learning processes. In contrast, the systematic use of formative
assessment techniques provides a flexible, scalable, generalizable,
and evidence-based toolbox for practitioners. Systematic use of
formative assessment may put a higher demand on practitioners’
shoulders than following the ICAP framework, but it will provide
them with more valuable and valid information that they can use
to flexibly adapt instruction to the classroom and effectively
support students’ learning.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this article.
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