Concept mapping as means to critical thinking
Abstract
This article describes a study conducted to evaluate the relationship
between concept mapping and its ability to foster critical thinking in students
during face-to-face and distance education classes in higher education
environments. Students were introduced to the construction of concept maps at
the beginning of the semester at which time a baseline score of their critical
thinking (CT) was measured. Over the course of one semester student progress
was monitored and evaluated on clarity and content of subsequent mapping
exercises. At the end of the semester, CT baseline scores were compared to end
of semester CT scores and a significant improvement in CT scores could be
observed independent of course specific map content. Rooted within
constructivist thought it is believed that visually representing thoughts and
relationships of past and newly gained knowledge encourages students to think
critically and thus facilitate meaningful learning to take place.
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Introduction
Concept mapping has been used successfully in higher education; a
success attributed primarily to its ability to accommodate different learning
styles and to promote different types of knowledge acquisition (Cañas & Novak,
2008; van Gog, Kester, Nievelstein, Giesbers, & Paas, 2009). Concept maps
offer students the opportunity to engage in deep learning of ideas through
research and creative reasoning. Meaningful learning, a specific type of
knowledge acquisition, was originally introduced through Ausubel’s (1968)
theory of assimilation. Meaningful learning typically happens when the learner
feels in control of knowledge acquired and is able to apply this knowledge in
problem solving processes of future learning. Meaningful learning, as opposed
to rote learning, is intrinsically motivated that leads to longer retention of
knowledge acquired and allows for critical thinking to take root. In contrast, rote
learning is extrinsically motivated and is typically pursued for short-term
memorization and grade achievement (Novak, 2010).
Meaningful learning has gained much attention over the years in
education. Novak (2010) notes that for meaningful learning to take place
students need to be motivated to learn and be actively engaged in their own
learning process and thus become an active facilitator of their own learning and
development. For this reason the learning environment should be designed to
continuously support and challenge the learners thinking and doing, resulting in
new learning experiences.
Learning by doing to achieve meaningful learning is the primary tenet of
constructivist thought (Mergendoller, Maxwell, & Bellisimo, 2006).
Constructivism is a learning theory that supports that humans generate
knowledge and meaning from their experiences (Jonassen, Davidson, Collins,
Campbell, & Bannan Haag, 1995) by actively constructing knowledge and
developing higher order thinking skills (Sorden, 2005). Constructivist theory is
associated with higher order learning of mature learners with a certain level of
prior knowledge of the subject matter. Its primary goal is to promote selfdirected attitudes and skills while discouraging excessive dependency upon the
instructor (Muirhead, 2010). “Making knowledge meaningful and helping
learners organize and relate new information to prior knowledge in memory”
(p.205) also aligns with the cognitive perspective on learning (Yilmaz, 2011).
Cognitivism highlights the different processes a learner goes through while
acquiring, storing and retrieving new knowledge gained. Semantics and
information processing are undoubtedly important tenets for knowledge
acquisition and constructivists additionally emphasize the importance of self
directed learning.
Novak (1987) coined the term human constructivism, which he contends
to be the foundation for meaningful learning and deems concept mapping as a
valuable learning and teaching tool to achieve such deep learning to take place.
In today’s competitive environment in higher education students need learning
strategies that help them manage and comprehend vast amounts of information
effectively and efficiently. Likewise teachers need evaluation strategies to

understand “how well the new meanings were acquired and/or applied” (Novak,
2010, p. 23). Novak (2002) introduced the instructional tool of concept mapping
as a means to facilitate meaningful learning processes. As such concept
mapping is as much a teaching as a learning and evaluation tool (self- and
otherwise) for both learner and teacher. This cognitive, analytical and visual
learning tool is suited to identify relationships and help to reflect, analyse,
evaluate, experiment and question; all key aspects if meaningful learning ought
to take place (Hay, 2000). As learners get proficient in physically drawing
concept maps, manually or electronically, they can further apply this skill to
mentally create relationship maps for solving cognitive problems or to organize,
retain and reproduce information.
Developing concept maps necessitates a thorough understanding of the
subject matter in context (i.e., through research, class discussions etc.) as well as
a certain level of critical thinking skills. Critical thinking may be defined as
"thinking that analyses itself, evaluates itself, and improves itself as a result”
(Foundation for Critical Thinking, 2011). Critical thinking is fundamental to
higher education yet the development and evaluation of critical thinking is
sometimes overshadowed by the students’ need for content knowledge.
Although content knowledge is reflective of a change in knowledge acquisition,
this change is often more likely due to rote learning rather than meaningful
learning (Jarvis, 1992). The question is how do we know if meaningful learning
is taking place? Studies from various disciplines show that concept mapping
has the ability to enhance meaningful learning (Amundsen, Weston, &
McAlpine 2008; Kinchin, Lygo-Baker, & Hay, 2008; Spector, 2008; Wilgis &
McConnell, 2008) and is able to promote critical thinking (Daley, Shaw,
Balistrieri, Glasenapp, & Piacentine, 1999; Wilgis & McConnell 2008). Yet it
has also been observed that even if the development and construction of concept
maps changes and gets more complex over the course of one semester, that
concept mapping exercises in and of themselves do not account for a significant
change in critical thinking scores in students. Thus based on their research
Leppa (1997) and Samawi (2006) argue that these changes are the result of
critical thinking specific instructional support and exercises. So what changes
are then being measured? Are changes in marks acquired a result of an
increased complexity of student map construction per se (i.e., increased
familiarity with the mapping tool and mapping technique), or due to their
increased critical thinking abilities, or both? Or, as Sawami (2006) proposed, are
we perhaps using the wrong measuring tools to evaluate knowledge acquisition
and critical thinking skills in relation to concept mapping?
Methods
The purpose of this research was to evaluate concept mapping as a tool
for learning and facilitating of critical thinking skills in higher education and to
discern if teacher scaffolding (in-class vs distance education class) had any
influence on student CT scores. We adapted a modified version of the approach
outlined by Crouch and Mazur (2001) for our research problem. They compared
conceptual mastery at the beginning and end of the semester, before and after
implementing a specific teaching method (peer-instruction in their case). We

developed two general marking rubrics in support of student evaluation; one
was designed to evaluate critical thinking using seven key objectives (as
identified by the Foundation for Critical Thinking (“www.criticalthinking.org”
see attachment); a second marking rubric was designed to assess concept maps
focusing on five key objectives (i.e., concepts, completeness of arrangements,
insightful arrangement through hierarchy, insightful arrangement through crosslinks, clarity of arrangements) based on a literature review of existing concept
map marking rubrics (Bennett & Rolheiser 2001;Beswick & Moni 2005; Moni,
Oliver 2008). To evaluate critical thinking (CT) progress over time, the
students’ CT skills were evaluated at the beginning of the semester (to establish
a CT base mark for each student) and were then compared with the CT mark at
the end of the semester. Throughout the semester, students did not receive
explicit critical thinking related exercises although they were encouraged to
“think outside the box” by critically analysing rather than just describing a topic
under study. Students received guidance in using the CM computer program to
assist them with ease of use of this computer program. It was anticipated that
repeat use and thus increased proficiency in using the computer program would
eliminate insecurities and/or technical difficulties of using the computer
program thus minimizing a potential effect on the student score. With this
‘repeat’ approach of using the CM computer program throughout the semester
we tried to tease apart the impact of instructional scaffolding on critical thinking
and that on mapping proficiency and thus address one of the major points of
contention identified in the literature (Leppa, 1997, Samawi, 2006). This point
of contention is the frequent uncertainty of what skills and changes are actually
being measured in the aforementioned relationship context.
We also computed the average normalized gain for the students’ critical
thinking skills (Couch & Mazur 2001) to adjust for the smaller gains possible
for students who already had a high CT grade at the beginning of the course.
The average normalized gain <g> is defined as:
<g> = (<CTpost> - <CTpre>)/100%-<CTpre>) with <CTpost> the average posttest
CT score and <CTpre> the average pretest CT score.
Also of interest in this research was whether a difference could be
observed between in-class and distance education classes in the proficiency of
concept mapping and the development of critical thinking. To establish
learning-context specific differences, overall grade percentage increases
between the two respective courses over the course of one semester were
compared. The expectation was that mapping proficiency would depend on
student involvement and instructional design and that the difference in results
from in-class and distance education classes would not be significant.
Participants for this research were university students registered in a 4th year
biology with 50 students or a 4th year tourism planning class with 69 students.
Both courses followed a passive consent procedure where the onus is on the
student to fill out an agreement of non-participation form (i.e., withdrawal from
research) which was available either in-class or on-line. The face-to-face class
had a 53 % research participation rate and the distance education class had a
100% research participation rate. The difference in participation rates is

probably caused by the on-line students being required to print, sign, and submit
their forms, while the in-class students were provided with a printed copy of the
consent form. All assignments used for the purpose of this project were regular
class assignments for both courses. For the on-line course, the first mapping and
critical thinking assignment was based on a general but topic specific focus
question and the second map was based on a multi-layered evaluation of a topic
specific case study. Both assignments were marked using the specifically
designed CM rubric and the CT rubric. After the first assignment, students in
the distance education class received extensive, written feedback about their
proficiency creating their concept map in addition to comments regarding topic
specific content before they had to design the 2nd map/assignment. They were
not provided with any specific feedback, except for a grade in their marking
rubric, on the critical thinking skills. In comparison, for students in the in-class
course the initial CT assignment was a general question related to the course
topic for which students could draw information from previous courses or
Internet resources. The subsequent assignments for in-class students throughout
the semester focused on developing concept mapping skills rather than critical
thinking skills. Students received feedback on at least 3 of their assignments by
means of the CM marking rubric. For the first concept map assignment, the inclass students had to create a concept map of the text they wrote for the first
critical thinking report at the beginning of the semester and subsequently had to
update the concept map based on the CM rubric evaluation comments. All of the
other assignments consisted of questions presented at the end of each chapter of
the course textbook (Laws, 2000). As such, students were provided with the
means to find the answers to the questions posed to construct their concept
maps. According to Bloom's taxonomy (Bloom et al. 1956), the majority of the
questions provided in the text book were at the application level and thus were
not suitable to test for critical thinking skills. The final concept map assignment
for the in-class students also consisted of a topic specific case study. For this
final exercise, both CM and CT rubrics were used for grading.
Results
Results for the in-class students at the start of the semester showed a
considerable range of CT scores among the students (see Figure 1). At the end
of the semester the CT scores were higher for all students compared to the
beginning of the semester (see Figure 1) but also, that the increase of CT scores
was higher for students who scored lower at the beginning of the semester
(slope of the regression = 0.4, p-value = 0.01, F(1,25) = 7.71) compared to those
who scored higher at the beginning of the semester. In addition, the 95%
confidence intervals for the intercept and slope are 9.8-21.2, and 0.1-0.7,
respectively, and thus a significantly higher difference from the line without an
improvement which has an intercept of 0 and a slope of 1, or a significant
improvement in their critical thinking skills.
The distance learning students showed similar results, with similar
regression line statistics (slope of the regression = 0.3, p-value < 0.01, F (1,133)
= 19.99), and also significantly different from the line without an improvement
(the 95% confidence intervals for the intercept and slope are 13.5-20.0, and 0.2-

0.4, respectively).
The only difference between the in-class student results and the distance
education student results are the outliers. The outliers showed that some of the
distance education students did worse at the end of the semester compared to the
beginning of the semester which had an important influence on the average
normalized gains for the two courses (<g> was 0.5 for the in-class context,
while it was 0.2 for the distance education-context). A possible explanation may
be that these outliers reflect low educational motivation and/or high time
constrains in the respective distance education students. Interestingly, these
outlier students also produced low quality concept maps thus an overall low
quality assignment.
Discussion and Conclusion
Concept mapping enables students to prioritize, synthesize and organize
information in a logical, hierarchical and visual manner (DeSimone, 2007).
While evaluation of concept maps has garnered much attention, less focus has
been on the relationship between meaningful learning and the students’
proficiency in constructing concept maps and the impact of critical thinking in
doing so. In the field of nursing education and for other health professionals,
concept mapping and critical thinking have shown promising but mixed results.
Some studies revealed an increase in critical thinking in students over time
(Daley et. al., 1999; Fontenot Molaison, Taylor, Erickson, & Lawson Connell,
2009; Hay, 2007; West et al., 2000; Wilgis & McConnell, 2008) while others
have not been as conclusive (Leppa, 1997; Samawi, 2006). Our research showed
that concept mapping can boost students’ critical thinking skills over the course
of one semester independent of learning environment.
Important to remember for this study is that we did not specifically teach
critical thinking skills in our courses but instead focused on teaching students
CM skills in addition to course specific content. Still we noticed a significant
increase in CT skills that was independent from content mastery or retention of
course knowledge. As such we believe it is unlikely that the increase we
observed in CT skills in our students can be explained by just engaging with the
course material. Rather we believe that having to identify ‘key’ concept words
and linking words necessary for the development of self-explanatory concept
maps facilitated critical thinking.
Although critical thinking skills are skills difficult to acquire (Sampson,
Moore, & Jackson, 2007) (i.e., see our CT scores at the beginning of the
semester) and normally necessitate significant instructor scaffolding and repeat
practice, we believe that the process –for the development of a concept map- of
having to identify, filter through and prioritize relevant from irrelevant
information though reading of the literature and participating in class
discussions served as the foundation for critical thinking. As mentioned
previously, repeat practice for in-class students was for the use and development
of concept maps and not for course specific content retention and for distance
education students only limited teacher scaffolding was possible.

Reflecting on the content and complexity of the student’s concept maps
and essays showed the following characteristics over the course of one semester.
We observed that students were increasingly open to new ideas and
perspectives; that they asked topic specific questions rather than just answered
assignment questions; that they consciously developed strategies to uncover
meaning and understanding of information covered in class; and overall seemed
to make complex connections and form relationships of thought of information
gained. Also, students started to actively and critically analyse the written and
the spoken words and to some degree were willing to actively challenge their
own beliefs and investigate competing evidence with the support of the
literature. As could be read in student comments at the end of the semester: “I
enjoyed the lectures so much due to the inclusion of new learning tactics. An
example of this would be concept maps. I found this to be a new learning
challenge and it turned out to be beneficial in structuring exam answers and to
present a clear analysis and to improve my test scores. I feel that we were
challenged to question the traditional methods of learning the course content
and it was beneficial to me in terms of retained knowledge”(a student from the
in-class group). Another reflective comment: “I have to say that I also greatly
enjoyed using the CT Map program. I have never used this program before, and
was thankful to get to try something new, rather than the standard paper, test
and discussion format. I was worried at first about being able to understand
and use the software since I wouldn’t consider myself great with computers,
however it was actually a lot of fun and I really felt it helped strengthen my
papers. Having to construct a CT Map for my position paper led me to make
numerous changes because new issues and redundancies were highlighted in
this process and I stared to make connections between different ideas and it
helped me review if I had covered all aspects of my assignment” (student from
the on-line class group). See attached concept map examples.
The main limitation of our study is that we did not use a control group.
As an example, critical thinking scores from our courses could have been
compared with scores from similar courses that did not use the concept mapping
techniques yet measured critical thinking scores over the course of one
semester. Similar to observations made, for example, about problem-based
learning approaches (Hmelo-Silver, Duncan, & Chinn, 2007) or peer instruction
teaching approaches (Crouch & Mazur 2001) we found that concept mapping as
a teaching and learning tool is most effective if an adequate amount of
scaffolding and teacher guidance is being provided. Particularly for students
with limited familiarity or comfort using computer programs, the technology
may prevent successful completion of the maps regardless of critical thinking
skills.
Our results are reflective of constructivist thought and the notion that
learners need to be self-directed, meaning they need to be motivated to learn, be
engaged in their own learning process and be willing to draw from past
experiences in order for this method to be successful. Self-motivation in relation
to a new teaching and learning tool seems to be particularly a challenge to
students in distance education courses. However, for both groups of students, a
comparison between maps at the beginning of the semester and at mid-time and

end of the semester showed that meaningful learning did occur as students
assimilated newly gained knowledge into pre-existing conceptual frameworks
over the course of one semester. The marking rubric developed to assess critical
thinking skills based on seven key objectives, and the marking rubric designed
to evaluate concept maps based on five key objectives, communicated a clear
understanding of learning objectives to the students and were easy and
effectively used by the markers of the assignments. Attached see marking rubric
example for concept maps and critical thinking.
While critical thinking and visual representation of relationships of
knowledge acquired is imperative in higher education, it is also vital, during
times of steadily decreasing teaching resources and continuously increasing
number of students in a class room setting, to allow alternative teaching and
learning tools to prevail beyond conventional multiple choice and essay writing
methods.
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Figure 1: Critical thinking scores at the beginning and end of the semester W12.
Comparison of the Critical Thinking (CT) scores at the beginning (pre, X-axis)
versus the end of the semester (post, Y-axis). The CT scores are based on the
CT rubric developed specifically for this study. The dashed line indicates the
expected pattern if there was no increase in critical thinking at the beginning
versus the end of the semester (the 1:1 line). The full line is the regression line
that illustrates the relationship between the critical thinking scores at the
beginning versus at the end of the semester. The open circles and dashed line
are the in-class scores; the crosses and dotted line are the distance learning
scores.

Table 1: Concept Map Marking Rubric
CRITERIA
Descriptors indicating the extent to which a criterion is met
Level 1

Concepts
(Knowledge)

Hierarchical

Level 2

•

Bare minimum
number of concepts
selected relating to
topic

•

•

•

Arrangement of
concepts illustrates
basic understanding
of relationships
between them

•

Some sense of
hierarchical structure.

Structure

Acceptable
number of concepts
selected, with some
relationships to topic
Arrangement of
concepts demonstrates
understanding of
relationship between
them

•

Hierarchical
structure used, but still
some inconsistency.

(Communication)

Linkages
(Thinking)

identified
(Application)

Most concepts
relating to topic were
selected

•

•

Arrangement of
concepts
demonstrates a
complete
understanding of
relationship between
them

•

•

•

Most concepts
connected in a
hierarchical structure
moving from major
ideas to minor ideas.

Most concepts
and all significant
concepts selected and
they clearly relate to
the topic
Arrangement of
concepts
demonstrates
complete and
insightful
understanding of
relationship between
them
All concepts
connected in a
hierarchical structure
leading from more
complex to less
complex, and on to
specific concepts.

•

Some
relationships indicated
by connecting lines

•

•

•

Some lines
labeled with linking
words

•

Linking words
are simple and
repetitive

•

Linking words
show variety

•

Linking words
are accurate and
varied

•

•

•

•

•

Few lines labeled
with linking words

Cross links not

used

•
involvement

•

Few relationships
indicated by
connecting lines

A few cross links
are used to illustrate
minimal connections

(Application)

Stakeholder

Level 4

•

•

Cross Links

Level 3

Stakeholders
addressed in essay
not illustrated in map

•

A few
stakeholders addressed
in essay illustrated in
map

Most
relationships indicated
by connecting lines
Most lines
labeled with linking
words

Cross links used
to reflect
straightforward
connections

•

Majority of
stakeholders
addressed in essay
illustrated in map

score

/4

/4

•

All relationships
indicated by
connecting lines

•

All lines labeled
with linking words

Linking words
are expressive and
purposeful
Cross links show
complex relationships
between two or more
distinct segments of
the concept map

/4

/4

•

All stakeholders
addressed and
described in essay
illustrated in map

/4

/20

Attachment 1: De-course; Map and Student Comment
Student comment; ”Being asked to create a concept map was something I have never had to do before.
However, after completing it, I am glad that I learned this amazing tool. Not only is it a great way to
organize thoughts and ideas, but it is an effective way to present topics to others visually. The mapping
really helped me in my position paper by allowing me to see any aspects of the assignment that were
overlooked or missing”.

Attachment 1: De-course; Map and Student Comment

Attachment 2: in-class course; Map

Attachment 3: Critical thinking grading rubric.

4 - Exemplary
If applicable, consistently does all or almost
all of the following
--Demonstrates a clear understanding of the
assignment’s purpose
--Clearly defines the issue or problem;
accurately identifies the core issues

3 - Satisfactory
If applicable, consistently does most or
many of the following
--Demonstrates an understanding of
the assignment’s purpose
--Defines the issue; identifies the core
issues

Point of View,
Depth/breadth of
problem

--Identifies and evaluates relevant significant
points of view
--Appreciates depth and breadth of problem
--Is empathetic, fair in examining all relevant
points of view
--Includes information that opposes as well as
supports the argued position

--Identifies and evaluates relevant
points of view
--Is fair in examining those views, but
may not fully explore their depth and
breadth
--Includes some information from
opposing views

Different Types of
Information

--Explicitly distinguishes between
assumptions, observations (with references)
and inferences drawn from these assumptions
and observations

Information/
Assumptions

Information/
Observations

Purpose, Key
Question, Problem,
or Issue

Information/
Interpretations,
Inferences

Implications,
Consequences

2- Below Satisfactory
If applicable, consistently does most or
many of the following
--Is not completely clear about the
purpose of the assignment
--Defines the issue, but poorly
(superficially, narrowly); may
overlook some core issues
--May identify other points of view
but struggles with maintaining
fairmindedness; may focus on
irrelevant or insignificant points of
view
--Omits significant information,
including some strong counterarguments

1 - Unsatisfactory
If applicable, consistently does all or almost
all of the following
--Does not clearly understand the purpose
of the assignment
--Fails to clearly define the issue or
problem; does not recognize the core issues

--Distinguishes between assumptions,
observations, and inferences drawn
from these

--Sometimes confuses information and
the inferences drawn from it

--Confuses information and inferences
drawn from that information

--Accurately identifies assumptions (things
taken for granted)
--Makes assumptions that are consistent,
reasonable, valid

--Identifies assumptions
--Makes valid assumptions

--Fails to identify assumptions, or fails
to explain them, or the assumptions
identified are irrelevant, not clearly
stated, and/or invalid

--Fails to identify assumptions
--Makes invalid assumptions

--Gathers sufficient, credible, relevant
information: observations, statements,
logic, data, facts, questions, graphs, themes,
assertions, descriptions, etc.
--Follows where evidence and reason lead in
order to obtain defensible, thoughtful, logical
conclusions or solutions
--Makes deep rather than superficial
inferences
--Makes inferences that are consistent with
one another
--Distinguishes probable from improbable
implications
--Identifies the most significant implications
and consequences of the reasoning
(whether positive and/or negative)

--Gathers sufficient, credible, and
relevant information

--Gathers some credible information,
but not enough; some information may
be irrelevant

--Relies on insufficient, irrelevant, or
unreliable information

--Follows where evidence and reason
lead to obtain justifiable, logical
conclusions
--Makes valid inferences, but not with
the same depth and as a “4”

--Does follow some evidence to
conclusions, but inferences are more
often than not unclear, illogical,
inconsistent, and/or superficial

--Identifies significant implications
and consequences and distinguishes
probable from improbable
implications, but not with the same
insight and precision as a “4”

--Has trouble identifying significant
implications and consequences;
identifies improbable implications

--Uses superficial, simplistic, or irrelevant
reasons and unjustifiable claims
--Makes illogical, inconsistent inferences
--Exhibits closed-mindedness or hostility
to reason; regardless of the evidence,
maintains or defends views based on selfinterest
--Ignores significant implications and
consequences of reasoning

--Ignores or superficially evaluates
alternate points of view
--Cannot separate own vested interests and
feelings when evaluating other points of
view
--Fails to identify or hastily dismisses
strong, relevant counter-arguments

Critical Thinking Grid
4 = Thinking is exemplary, skilled, marked by excellence in clarity, accuracy, precision, relevance, depth, breadth, logicality, and fairness
3 = Thinking is competent, effective, accurate and clear, but lacks the exemplary depth, precision, and insight of a 4
2 = Thinking is inconsistent, ineffective; shows a lack of consistent competence: is often unclear, imprecise, inaccurate, and superficial
1 = Thinking is unskilled and insufficient, marked by imprecision, lack of clarity, superficiality, illogicality, and inaccuracy, and unfairness
Adapted from @Foundation for Critical Thinking, www.criticalthinking.org

Critical Thinking Marking Rubric
Overall Score ________

If applicable,
score the
element (1-4)

Element of Reasoning
Purpose, Key Question, Problem, or Issue: Does the student demonstrate a clear
understanding of the assignment’s purpose? Does the student clearly define the issue or
problem, accurately identify the core issues?
Point of View: Does the student identify and evaluate relevant significant points of view?
Does the student demonstrate fairmindedness toward the problem? Does the student
appreciate their depth and breadth? Does the student include information that opposes as
well as supports the argued position?
Different types of information: Does the student distinguish between assumptions,
observations, inferences?

Information/Assumptions: Does the student accurately identify assumptions (things taken
for granted)? Does the student make assumptions that are consistent, reasonable, valid?
Information/Observations: Does the student gather sufficient, credible, relevant
information (statements, logic, data, facts, questions, graphs, assertions, observations,
etc.)?
Information/Interpretations, Inferences: Does the student follow where evidence and
reason lead in order to obtain defensible, thoughtful, logical conclusions or solutions? Does
the student make deep (rather than superficial) inferences? Are the inferences consistent?
Implications, Consequences: Does the student identify the most significant implications
and consequences? Does the student distinguish probable from improbable implications?

Adapted from @Foundation for Critical Thinking, www.criticalthinking.org
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