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Data Source: Observations (video and audio recordings) and field notes from a one-semester introductory
engineering course employing problem-based learning. Five groups were each observed approximately six
times during a complete problem cycle (6 weeks) with two observations per week in Weeks 1, 3, and 6. For
full details on data collection, please refer to Hunter (2015).

Theoretical Framework: The model illustrated on the following pages was developed based on the
Cognitive Apprenticeship framework (Collins, Brown, & Holum, 1991a). The relevant portion of Collin’s
original framework is shown in the table below:

Definitions and associated practices of the six constructs in the Method component of Cognitive
Apprenticeship framework (Collins, Brown, & Holum, 1991b), as cited in Hunter (2015).

Construct Definition Associated Practices

Modeling Teacher performs a task so students can = Think — aloud
observe and build a conceptual model of
the processes that are required to
accomplish it

® Verbalize heuristic and control
strategies while completing a task

= Sharing of experiences that relate to
the students’ current situation

Coaching Teacher observes and facilitates while » Offer feedback or advice
students perform a task and offering
hints, scaffolding, feedback, modeling,
or reminders

Scaffolding Teacher provides supports to help the = Perform tasks for the students that
students perform a task is beyond their ability

= Offer encouragement

= Using questions to guide students

Method

= Supply tools that can organize
students understanding

Articulation Teacher encourages students to ® Prompt students with questions
verbalize their knowledge, reasoning, or

. = Prompt students to verbalize or
problem solving processes.

draw their understanding

Reflection Teacher enables students to compare * Provide space for reflection
their performance with that of an expert
other student, or an internal cognitive

= Provide examples of which to

compate
model.

Exploration Teacher invites students to pose and * Prompt students to scope problems
solve their own problems or frame questions to solve

Collins, A., Brown, J. S., & Holum, A. (1991a, Winter 1991). Cognitive apprenticeship: making thinking
visible. American Educator.
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\
The facilitator provides the
students with reminders or hints of
what they should already know.
The intent is that the facilitators
guide the students by providing
direction.

/

-

-

-\
The facilitator prompts the

students on their group interaction.
The prompt intends to involve all
students in the process and to
ensure that all voices are being
heard.

J

\
The facilitator provides
encouragement to the students.
The problems are often challenging
and the intent is that
encouragement will help the
students build motivation to keep
making progress.

)

~

The facilitator provides affirmation
to the students when they are
unsure of next steps or hesitant to
take a next step. The intent is that
the facilitator gives students
confidence in their decisions and
that the students carry out the

\next step.

)

Figure 1 - Definitions of the Coach Subcategories.

Content

Process

'\

The facilitator provides an example
of expert knowledge of content
related to the problem. The
example intends for students to
learn facts, terms, basic concepts,
etc.

N J

/The facilitator provides an example\
of expert knowledge of
method/process related to the
problem. The example intends for
students to learn knowledge of
ways, methods, processes, heuristic

kstrategies, etc. _/

Kl'_he facilitator provides an example\
or performance of expert
understanding of content related to
the problem. The example intends

for students to observe an expert
articulate meaning, descriptions, or

Q:D mparisons, etc. /

Kl'_he facilitator provides an example\
or performance of expert
understanding of process related to
the problem. The example intends
for students to observe an expert
articulate descriptions of ways,
kmethuds, processes, etc.

J

/T he facilitator provides an example\
of expert content reasoning related

to the problem while verbalizing
cognitive process. The example
intends for students to observe an
expert analyze, give evidence to

Qupport, make inferences, etc.

J

/T he facilitator provides an example
of expert process reasoning related
to the problem while verbalizing
cognitive process. The example
intends for students to observe
expert process decisions with

evidence or logic that supports those
wecisions.

Figure 2 - Definitions of the Model Subcategories
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Content

Process

The facilitator points students to a
resource that will help further their
knowledge or understanding of
content related to the problem.
The intent is to build a stepping
stone for the students so they can
fill in their knowledge gaps.

The facilitator points students to a
resource that will help further their
knowledge or understanding of
processes related to the problem.
The intent is to build a stepping
stone for the students so they can
fill in their knowledge gaps.

J

The facilitator provides students \
with a structure or framework to
assist them in in organizing
information to make process
decisions. The prompt intends for
students to follow a structure that
helps them complete processes

that lead to a solution for the
roblem.

Figure 3 - Definitions of the Scaffold Subcategories

Content

.

he facilitator uses statements or\
guestions that prompt students to
make known their knowledge of
content related to the problem. It is
common to use “What' questions.
(e.g. What is...?, Tell me about...)

The prompt intends for students to
share facts, terms, basic concepts,

o v
o 5

he facilitator uses statements or
questions that prompt students to
make known their understanding of
content related to the problem. It is
common to use ‘How' questions.
(e.g. How does...?, Explain more
about...) The prompt intends for
students to share meaning,

\descriptions, comparisons, etc. /
[ )

e facilitator uses statements or
questions that prompt students to
make known their content
reasoning related to the problem. It
is common to use ‘Why' questions.
(e.g. Why is...?) The prompt intends
for students to analyze, give
evidence to support, make

Process

ﬁ he facilitator uses statements or\

questions that prompt students to
make known their knowledge of
method/process related to the
problem. It is common to use
‘What’ questions. (e.g. What are
the steps to...7, Tell me about the
process of...) The prompt intends
for students to share knowledge of

ways, methods, processes, heuristic
&rategies, etc. /

ﬁhe facilitator uses statements or\

guestions that prompt students to
make known their understanding of
method/process related to the
problem. It is common to use ‘How’
questions. (e.g. How will you...?,
Explain your process for...) The
prompt intends for students to
share descriptions or explanations

Qferences, etc. /

Qf ways, methods, processes, etc. /
Ge facilitator uses statements ON

questions that prompt students to
make known their process
reasoning related to the problem. It
is common to use ‘Why’ questions.
(e.g. Why did/will you...?, Explain
your chain of logic...) The prompt
intends for students to provide
evidence or logic that supports

wooess decisions.

Figure 4 - Definitions of the Articulate Subcategories
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Content

Process

The facilitator provides feedback on
or evaluation of the students’
knowledge or understanding of
content. The prompt intends for
students to make adjustments to
their learning goals to fill gaps in
their knowledge or understanding.

The facilitator provides feedback on
or evaluation of the students’
performance of a task. The prompt
intends for students to make
adjustments to their process on a
current or close future task.

The facilitator uses statements or
questions that prompt students to
evaluate and monitor their
knowledge or understanding of
content. The intent is for students
to recognize gaps in their
knowledge or understanding and
make adjustments to their learning
goals to fill the gaps.

The facilitator uses statements or
questions that prompt students to
evaluate and monitor their
performance of a task. The intent is
for students to recognize missteps
in their process and make
adjustments on a current or close
future task.

Figure 5 - Definitions of the Monitor Subcategories

Co

Process

The facilitator prompts students to
determine learning goals or
research tasks regarding content
that will help further the problem
solution. The intent is for the
students to have a list of research
tasks to investigate.

-

J

The facilitator prompts students to
determine learning goals or
research tasks regarding process
that will help further the problem
solution. The intent is for the
students to have a list of research
tasks to investigate.

-

J

The facilitator prompts students to
refine the problem or define sub-
problems with a focus on the
content of the problem. The
prompt intends for students to
define which content aspect of the

The facilitator prompts students to
refine the problem or define sub-
problems with a focus on the
process of solving the problem. The
prompt intends for students to
define which processes they will

problem they will solve. /

-

use to solve the problem.

J

Figure 6 - Definitions of the Explore Subcategories
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