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Developing critical thinking skills in engineering students
through a primary literature exercise

Abstract

Critical thinking (CT) skills are essential to undergraduate engineering education, yet despite the
association of an engineering degree with CT ability, studies indicate that traditional engineering
curriculum fail to create gains in students’ CT aptitude. This study introduces an innovative
structured "deep dive" literature analysis exercise aimed at enhancing CT skills in engineering
students. Conducted over a semester with a graduate-level biomedical engineering class, the
exercise focused on interpreting, analyzing, and questioning primary literature. Using a mixed-
methods approach, we assessed students' perceived CT abilities across six dimensions using a
shortened form of the Critical Thinking Self-Assessment Scale (CTSAS) and open-ended
responses. Results indicate a significant improvement in students' perceived CT skills, with 87-
93% of participants reporting enhanced abilities across all dimensions of CT. These exercises
appeared equally helpful across gender, indicating the deep dives do not induce inequality.
Additionally, qualitative analysis of open-ended responses revealed positive emotional
engagement and highlighted specific CT skills gained, including improved evaluation, inference,
and explanation. This exercise advances engineering pedagogy by offering a readily adaptable
tool to improve their students’ CT skills while covering course-appropriate content through
primary literature.

Introduction

Critical thinking (CT) skills have long been a focus of undergraduate education, and in the US
critical thinking was explicitly part of ABET accreditation criteria since 2000. While multiple
models and definitions of CT exist, an expert consensus (identified by the Delphi method)
characterized six “dimensions” of CT: interpretation, analysis, evaluation, inference, explanation,
and self-regulation [1] as seen in the appendix (Appendix Table 1). This framework and its
dimensions has been used across multiple fields and is the basis for multiple CT assessments,
including the California Critical Thinking Disposition Inventory (CCTDI)[2] and the Critical
Thinking Self-Assessment Scale (CTSAS)[3], [4].

Engineering students and educators often believe that because engineering classes teach problem
solving, critical thinking skills are inherently taught and covered (for a student example, see [5]);
however, the problems offered in engineering curriculum are often highly bounded, lack
ambiguity, and can be solved via a simple “plug and chug” method[6]. This “algorithmic
progression through problem-solving stages”[6] does not necessarily build essential critical
thinking skills. Furthermore while critical thinking skills are highly sought after across multiple
industries[7], [8], employers increasingly believe that engineering students are not sufficiently
equipped to think critically and independently[9], [10]. Indeed, in one study by Sola et al, 4™
year engineering students showed no increase in critical thinking skills compared to 1% year,
indicating a gap in their training[11]. Thus, there is a strong need for techniques and activities for
engineering students that improve critical thinking skills beyond solving problem sets. This is
especially relevant for biomedical engineering (BME), since it is highly interdisciplinary and
engages with highly complex and context-dependent biological systems[12].



Reviews of the literature have shown that most exercises to improve critical thinking are either
projects or “real-world” problems and case studies[13]. While these are helpful, they can be time
consuming, work best with design classes, and may rely on experiences that professors may not
have in their academic careers. Primary literature offers an accessible and low barrier to entry
option for educators. As most engineering professors are academics, they are familiar with and
have expertise in reading and analyzing primary literature. Additionally, academic literature has
already been used to improve critical thinking in non-engineering domains[14], [15], [16], [17],
yet surprisingly, this has not been extended to an engineering context.

In this study, I developed a “deep dive” literature analysis exercise, conducted this exercise 4
times, and subsequently measured student’s assessment of their critical thinking skills using
shortened form of the Critical Thinking Self-Assessment Scale (CTSAS)[4], [18], based on the
along with open-ended questions. This exercise combines written analysis, verbal discussion, and
multiple types of formal and informal feedback, giving students many opportunities to engage
with the material. This study aims to (a) describe the design of this novel literature analysis
exercise, and (b) assess the impact of this exercise on student’s perceived critical thinking
abilities across six dimensions of critical thinking using a mixed-methods approach.

Methods

Participants and course content: This study was conducted in a graduate level biomedical
engineering elective class (n=21 students) at a large private university in the USA northeast
region. This 700-level course titled “Nanomedicine” is designed for Ph.D. students and contained
three major stages: fundamentals of nanomedicine, bio-nano interactions across cellular, tissue,
and system levels, and clinical applications. The class contained 8 Ph.D. students, 10 masters
students, and 3 undergraduate students, with an approximately equal split of students by sex
(57% male, 43% female). Demographically the majority of students were East Asian or Indian
(12 students), followed by Caucasian (6), Latin American (2) and African American (1). Students
opted into all surveys and data collection, and data was collected anonymously. Gender was
collected by the survey, while all other demographic information was obtained through
university data and was not linked to responses. This study was reviewed beforehand by the
university’s Institutional Review Board (Application #7489X) and deemed exempt.

Activity design: The deep dive exercises were conducted as follows. In the 3™ class (out of 26) of
the semester, students were trained to think critically and analyze a journal article (Figure 1A) in
the area of nanomedicine. Specifically, they were taught a framework of interpreting, analyzing,
and questioning three aspects of the article — a) the problem they claim to solve, b) the method
they go about to demonstrate their solution, and c) the validity and effectiveness of their solution.

This framework was designed to include at least five of the six dimensions of CT; however,
students were never explicitly taught the six dimensions of CT. For example, students were
taught to check both axes of a plot, to look at the trend of the data, ask what “story” the data is
telling, and write down their answers to that question. These are all demonstrations of
“interpretation”, the first of the six dimensions. In another example, under questioning the
“problem”, students were shown claims in the introduction of a journal article that set up the
problem, and then were asked a series of questions about the accuracy and saliency of these
citations to the original claim. This led students to see that sometimes citations would be




inaccurate or inappropriate, demonstrating to the students the skills of both “evaluation” and
“inference” (3™ and 4™ dimension of CT).

After this initial training class, students were given a new journal article to conduct their own
“deep dive” over the course of two weeks (Figure 1B, top) These articles were sourced from top
nanomedicine journals such as ACS Nano and Nature Nanotechnology. Students were
encouraged to discuss with each other but instructed to write up their own analysis and critique
of the article (in 600-1200 words), using the same framework of problem, method, and solution.
In the assignment, students were explicitly instructed to avoid summarizing the journal article,
but instead to use claims, evidence, and logic to argue against or for the article’s claims. These
essays were read by the instructor (or peer) at a subsequent date; feedback was given, and
assignments were graded based on a rubric by either the instructor, a peer, or self-grading.
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Figure 1: Diagram of the deep dive exercises

The day after the assignment due date a discussion was held during the 105min class period
(Figure 1B, bottom). During this discussion students shared their overall thoughts or impressions
of the article, as well as their main reactions to each figure and to the overall problem, method,
and solution of the article. To encourage participation, think-pair-share was often employed.
Additionally, real-time surveys using QR codes to google forms were employed to gather student
responses to specific questions. This discussion was intentionally structured to enable students to
hear multiple perspectives on the claims of the article, especially given the diversity of
educational backgrounds in the room (undergraduates through mid-stage Ph.D. students). This
deep dive exercise was repeated 4 times over the course of the semester, after which the survey
was given (Figure 1C).

Survey design and analysis: In this study, I utilized a shortened form of the CTSAS adapted from
Payan-Carreira et al[18], whose article contains the CTSAS questions. This 5-point Likert-scale
self-assessment included 44 questions spread across the six dimensions of CT described above,
as well as two open-ended questions to further understand their experience. Additional Likert
scale questions were asked regarding grading and overall impact of the exercises on their



thinking. The survey was administered after receiving student consent through Qualtrics
software, with question randomization and no identifying information collected. Likert items
were analyzed using descriptive statistics, where two-way T-tests with unequal variances were
used to compare differences by gender and ANOVA (Analysis of Variance, o= 0.05) was
performed for assessing differences between critical thinking dimensions. Sentiment and content
analysis of the open-ended responses were conducted with Al. Al based on Large Language
Models (e.g. ChatGPT, Copilot) is best used for this task, as they can accurately code responses
and parse intent and tone with less bias than human authors[19], [20], [21]. Sentiment scores
were determined based on the overall tone and content of each feedback, on a -9-point scale
(from -4 to 4, where 0 is fully neutral, 1 = slightly positive, 2 = moderately positive, 3 = very
positive, and 4 = highly positive). Inductive content analysis was performed first to identify
unique but coarse-grained categories, such that the number of categories was less than the
number of respondents. Then the coverage of each response was calculated — where coverage is
defined as text of each response that was coded / total text of each response — and checked to
ensure that 50% or more each student’s response was coded by at least one or more categories.
After any corrections, a thematic network analysis was performed on the categories to identify
broad global themes. Data was first analyzed with k-means clustering in MATLAB to determine
how many unique themes should be used: this was checked by qualitatively generating key
themes. Category codes were then assigned to each theme. The frequency and co-occurrence (as
Jaccard index) of themes in student responses was determined using MATLAB software. The
Jaccard index was used as it is a robust measure of similarity[22], [23].

Results and Discussion
Quantitative self-assessment: Student responses to the Likert survey demonstrated that they

believe these exercises improved their CT skills (Figure 2). Specifically, between 87% - 93% of
students believed the deep dive exercises improved their CT across all dimensions, with 72% or
more strongly agreeing for the first five dimensions (Figure 2A). While visually students
responded slightly less positive for the last CT dimension of “self-regulation”, results from the
ANOVA (Appendix Table 2) demonstrate that there was no significant difference between the six
dimensions (p-value = 0.247). Pairwise T-tests demonstrated no difference between respondents
by gender (Figure 2B), indicating that these exercises did not induce biased outcomes between
men and women.

It is worth noting that the higher variability and slightly lower score for the men was due to one
outlier respondent who may have misread the scales, as his open-ended responses were highly
positive but Likert item responses all highly negative — in fact, his answers account for all the
“strongly disagree” in 2A. When that outlying respondent is removed, the difference between
means reduces to <2% across all dimensions and variability drops significantly. To confirm that
the Likert scales for each dimension of CT were internally consistent, Cronbach’s alpha was
calculated for each. Four of the dimensions yielded Cronbach’s alpha of >0.95 and all were
>0.88, indicating an excellent internal consistency in each dimension.



Students’ critical thinking — open-
ended responses: To further
examine the students’ perception
of their critical thinking skills,
they were asked to “Please share
any reflections on the deep dive
exercises and their impact on
your critical thinking and
analysis skills” in an unbounded
open-ended format; 18 out of 21
students responded. As a whole,
students’ open-ended responses
matched their favorable ratings in
the Likert scales (except for 1
student, as previously
mentioned). The sentiment
analysis, scored from -4 to 4,
yielded no neutral or negative
responses: 15 of the 18 were very
positive or higher, with the
average score of 3.33 (Figure 3).
A few illustrative responses are
included below:
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Figure 2: Analysis of Likert scale survey responses.

A) Percentage of responses across each dimension of CT.

B) Mean response rating by gender. There was no significant
difference between gender for any CT dimension. Error bars
represent one S.D.

Sentiment score 4: “The
deep dives have helped
me tremendously. 1
believe they are especially
helpful when it comes to
thinking critically and
analyzing a new piece of data in a logical framework, which is universally applicable. I
think is invaluable as a skill to have. I have never self-evaluated my problem-solving
approach, but now that I have my approach has completely changed. And, I believe its for
the better as I find myself being more reticent to make claims or readily listen to others
claims without evidence to support them.”

Sentiment score 3: “Certainly improved my critical thinking skills. Never knew I was
‘allowed’ to question papers and search for flaws in their reasonings. Used to believe in
the methodologies of everything written in papers. It was fun showcasing my thoughts on
the ‘problems’ and ‘solutions’, how some problems are actually not worth solving, or the
results didn't solve the problem.



e Sentiment score 4: “I came into the class thinking I knew how to read papers and
realized that I was never really critically engaging with them. If a paper claimed X, to me
that was fact. Having participated in these deep dive exercises, I can confidently say that
my skills have improved and have helped me read papers outside of nano. Aside from
reading papers critically, I also feel that I know what questions to ask when I am learning
something and to challenge ideas that are new to me. In a way I feel I have grown into a
bit of a skeptic, but in a positive way where I want to truly understand how someone
came to a conclusion or what lead them to that 10 -
claim. It has improved my critical thinking overall,

9 4
and has been an invaluable experience.”
8 4
As seen in these responses, students seemed to enjoy these 7
deep dive exercises and believed them to be “invaluable”,
6 -

while also indicating how they improved in their critical
thinking skills. This survey data matches students’ verbal
comments to the instructor as well as comments collected by
the University’s standard course evaluation, where students

# of responses
N

shared that this activity increased their understanding of, 31
engagement with, and even enjoyment of biomedical 2
literature. 1
To better measure the student’s responses, a semi- 0

4 -3 -2-101 2 3 4

quantitative content analysis was performed. First, eight Sentiment score

unique but coarse-grained codes were developed inductively

from the responses. The responses were then cgded (n=42 Figure 3: Histogram of the sentiment
codes applied to 18 responses) to ensure sufficient coverage: analysis scores

indeed, coverage ranged between 58% to 99% with an

average of 83%. These codes were then clustered into 4 overarching themes — “Feedback”,
“Practical Relevance”, “Emotional Engagement ”, and “CT Skill Enhancement” (Figure 4A).

The first two themes — “Feedback™ and “Practical Enhancement” — represented the fewest
responses (n=3 and n=2, respectively) and also the least co-occurrence with other themes (all
values less than 0.15, see figure 4B. Feedback relates to students sharing feedback on (or
suggestions for) the exercise, while Practical Enhancement contains ways the students felt the
exercises directly prepared them for something practical — namely, job interviews and the PhD
qualifying exam. The most substantive feedback as it pertains to CT was a comment that “the
way we discussed papers tended to reward negative critique over appreciation for quality work.”

Though the student follows up with “though this may not be a bad thing”, their feedback hints at
an area of improvement in both facilitation the discussion and possibly in the teaching of the
deep dive exercises in general. The two remaining comments were unrelated to CT and to each
other: one student desired a different selection of papers, and the other wished that mutual
grading was not used for one of the deep dive assignments. The Feedback theme’s low co-
occurrence indicates that this theme was not related to other themes and most likely represents
isolated ideas from students, in contrast to a clear pattern of feedback. Finally, the thematic
clustering matched well with the sentiment analysis: two of the three lowest scores in the
sentiment analysis were contained in the Feedback theme.
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Figure 4: Thematic Analysis of open-ended responses. A) Frequency of themes (total) and codes
(constituent parts) from content analysis and post-analysis thematic clustering. Both “Practical
Relevance” and “Feedback” themes contained only one code, and thus the themes are named by the
code used. In contrast, the bottom two themes contain three codes each. B) Co-occurrence matrix (as a
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Jaccard index.
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The second largest theme was that of “Emotional Impact”, which included codes for Affective
Responses (Enjoyment), Confidence building, and Challenges. The positive comments in
response to a neutral sharing prompt speak to the students’ enjoyment of each aspect of the deep
dives, be it paper reading (“I really enjoyed reading the deep dives”), writing their analysis (“It
was fun showcasing my thoughts on the ‘problems’ and ‘solutions’ [of each paper]”), or
discussion (“I enjoyed...hearing the opinions of my classmates”). Even in the three responses
coded “Challenges”, two of them spoke of the exercise in a positive light (sentiment score =3):
one mentioned the initial challenge of the deep dives but discussed their subsequent growth in
them, while the other desired to spend more time on the deep dives but was unable due to other
work. Multiple students (n=5) shared that the deep dives increased their confidence in analyzing
or thinking deeply. The positive affective response these exercises generated in students is
significant: while it is increasingly well known that emotional engagement is a highly important
aspect of student learning and development[24], [25], [26], there has been little research into
measuring affective engagement or designing strategies to enhance it[27]. The deep dives
provide an opportunity for that positive emotional engagement. This is perhaps due to the
exercises’ emphasis on students’ own thoughts and justifications for their thoughts, which may
give a sense of “ownership” to the students. In keeping with this research, the relatively high co-
occurrence (Figure 4B) between this theme and the “CT Skill Enhancement” theme indicates that
students who expressed positive emotional impact also expressed increased CT skill
enhancement, suggesting a correlation between the two. In short, this theme confirms the strong
positive sentiment analysis and shows that the students found these exercises enjoyable and
worthwhile, even when challenging.

The final and largest theme by both number of codes (n=25) and number of students (n=17 out of
18) was the “CT Skill Enhancement”, which encompassed codes for Improved Critical Thinking,
Enhanced Understanding, and Skill Development. While these three codes may appear similar,
they reflect the varied ways students self-identified their development: some focused on specific
skills (ex: the ability to generate a conclusion), others on critical analysis and interpretation, and



still others referred to a general growth in their perspective and understanding of a given topic.
As discussed previously, this theme had significant co-occurrence with the Emotional Impact
theme (Jaccard index = 0.32, see Figure 4B). This theme compliments the Likert responses
(Figure 2) in two ways. Firstly, that 17/18 students expressed how this exercise positively
impacted their CT abilities seems to add to the validity of the quantitative Likert data. Secondly
and surprisingly, all six dimensions of CT seem to appear in some form in the open-ended data,
despite students never being explicitly taught these dimensions. Some examples are given below

in Table 1 below

Table 1: CT dimensions demonstrated in students’ responses

CT Representative quote(s) that Reasoning
Dimension demonstrates a given CT dimension
"I do think the deep dives helped me .
D h f th
. better understand the papers not only on emqnstrates comprehension o the
Interpretation their own but in the context of meaning and significance of papers
nanomedicine [literature]" in the context of nanomedicine.
li{[elf::irzd :S()Xetﬁ zzl‘ﬁg:ilzfoassess The first quote reflects the ability to
constructively discuss pros and cons 1dept1fy concepts in the paper and
about research.” their relationships, and to articulate
) N NS the strengths and weaknesses of the
Analysis I was initially very scared about content. The second quote
reading scientific literature, but being : qu
able to divide them into modes of demonsrates categorizing the
, . :
critical reasoning (problem, methods, I()I?ESO;ZO; (;TIS;S into subdomains
solution) really helped my analysis. "
"The deep dives really helped me to
read papers better, and actually question
the claims and data presented in a paper. .
. X > | Both quot trate the skill
. rather than just believe whatever they oth quotes demons Tate the skl
Evaluation claim." of assessing the credibility of the
) . . lai ta.
"The deep dives allow me to establish claims and data
the skills to challenge the integrity of
scientific research."
“T couldn't generate a conclusion after The first quote demonstrates the
reading a paper before, but now I can. ability to draw conclusions and
And I could interpret the figures better.” | infer meaning from the paper and
Inference its figures. The second quote shows
“The deep dive exercises greatly the ability to determine the author’s
improved my ability to question the main claims and evidence, as well
overall claims and ‘evidence’ that as aspects of Evaluation (see
authors present in papers.” above).




“The entire exercise of the deep dives
were really impactful for me as they
...helped me articulate my critiques and
thoughts”

Both respondents describe
improved ability to explain their
thinking in written form,

changed.”

Explanation demonstrating the presentation of
“The deep dive exercises also improved | arguments and justifying reasoning,
my ability to explain my thinking key aspects of explanation.
process in writing...”

“I have never self-evaluated my The respondept is analyzing their
. problem-solving approach and
Self- problem-solving approach, but now that reflecting on the change (self-
Regulation: | I have my approach has completely £ &

regulation),which is evidence of
self-correction and self-regulation.

That all six dimensions of CT were mentioned or

demonstrated in a singular open-ended response question
points to the potential efficacy of the deep dive exercises.

An exciting future work would be to judge students’
papers quantitatively or qualitatively over time to
explicitly demonstrate their improvement in CT — for
example, by training a LLM on the dimensions of CT
through the CCTDI, then feeding it the papers to judge

and score.

Impact beyond the classroom In addition to the Likert
questions about CT, students were also asked via Likert-
scale about how the deep dive exercises impacted two
other domains: a) their ability to communicate their
opinion and reasoning in writing, and b) how they
approach ‘everyday’ information (conversations, news,
social media, essays, etc). In both cases, students
responded overwhelmingly in the affirmative (Figure 5).
All students believed their “ability to communicate
[their] opinion and reasoning” improved because of the
deep dives, with over 70% believing they were “much
better”. Written communication is a highly sought-after
skill, so the students’ perception of growth in this area

adds to the classroom value of this exercise. Excitedly, 96

students also believed this exercise positively changed
how they interacted with ‘everyday’ information, such as
news, conversations, social media, essays, and so forth.

(Figure 5B).

A few selected responses below elaborate on the Likert

data:
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Figure 5: Distribution of students’
responses to two questions. A)
Responses to whether the deep dives
improved written communication
ability, scale of 1-5 reflecting much
worse or much better. B) Agreement
with the following: “The deep dives
have changed how I approach everyday
information (news, conversations, social
media, essays, etc) for the better”




o [ always had heard terms like "fake news" when describing something that someone
thought was untrue. However, I did not have the best ability to analyze what I was
actually reading and think about how I understand it. I now also see how half-truths,
assumptions, and omissions can radically change my feelings on a particular topic.

o These deep dive assignments have taught me to be better at critically questioning and
evaluating information of all kinds.

o [ think the deep dive exercises gave me the fundamentals to critically think about
anything. Hearing others ask questions about papers, ideas, content during my time in
grad school thus far, I've always wondered to myself "how did they come up with that
question?" and "how do I know what questions to ask?" The deep dive exercises not
only challenged me to think critically, but also provided me with the guidance and
fundamentals to know what to question, how to question it, and how to draw
connections. It also gave me the confidence to draw conclusions of my own and to not
blindly trust claims just because an author of a paper said so. This has translated to
claims of all kinds, from news to casual conversations I have with people.

Limitations: While the results of this work are exciting, this study has several limitations that
should be acknowledged. The first is the small class size: only 21 students in total. This limited
sample size may affect the generalizability of the results to larger student populations. Future
studies with larger cohorts are necessary to validate these findings. Additionally, the class was
composed of primarily graduate-level students, which raises questions on its applicability to
undergraduate students. However, I note that an earlier iteration of the “deep dive” approach was
used on an undergraduate only class composed of mostly 3™ year students, which was well
received and well-reviewed in standard University course evaluations, suggesting that this
approach could be translated to other classes.

Another limitation is that the exercises were applied within the context of one specific
biomedical engineering course (e.g. nanomedicine). While the framework of problem—
method—solution is versatile and could be applied across multiple electives and disciplines,
future studies should explore its effectiveness in other areas of engineering and science to
confirm its broader applicability. Furthermore, this study was conducted over a single semester,
which may not be sufficient to capture the long-term impact of the exercises on students' critical
thinking development. Ideally, critical thinking should be cultivated through a variety of
techniques over a more extended period, as argued in Ahern et al[13]. However, implementing
intentional, long-term, and widespread changes across the undergraduate educational experience
necessitates the buy-in of high-level academic administrators (such as deans and provosts) and
would require significant institutional support. These are hard constraints that are not easily met.

This study primarily examined self-assessment of critical thinking, relying only on the
framework of Facione. While this framework is well-established, other critical thinking
frameworks — such as those of Paul and Elder[28] — and their associated assessments were not
utilized. Future research should consider using multiple frameworks to provide a more
comprehensive evaluation of students' critical thinking abilities. The greatest limitation — in the
opinion of this author — is the reliance on self-assessment, increase of quantifying critical
thinking with some validated tool (such as the Watson Glaser Critical Thinking Exam). However,



these tools are typically expensive (>$30 per exam per person) and are less accessible to
researchers. They also have their own limitations, and there is a need for novel accurate and
validated assessments for researchers to use[29]. I will note that student’s grades on their deep
dives, which were judged on the depth of their analysis, improved from an average of 74 on the
first deep dive to an average of 95 by the fourth deep dive.

Conclusion

The "deep dive" literature analysis exercises implemented in this study have demonstrated
significant potential in enhancing critical thinking (CT) skills among engineering students. By
engaging students in a structured framework that involves interpreting, analyzing, and
questioning primary literature, [ have observed a marked improvement in their ability to
critically evaluate scientific claims. The survey results, both quantitative and qualitative, strongly
indicate that students not only recognized an increase in their CT abilities but also believed
themselves to be better prepared to think critically in in real-world settings. The high levels of
student engagement and positive emotional responses suggest that such exercises can effectively
foster a deeper understanding and appreciation of critical thinking. Additionally, the lack of
significant gender-based differences in survey responses highlights the inclusive nature of this
pedagogical approach.

Though perhaps appearing similar to traditional journal clubs from a cursory glance, the "deep
dive" literature analysis exercises differ significantly. The framework used by the deep dives —
examine the problem it claims to solve, the method it goes about solving it, and the solution it
proposes — systematically guides students through interpreting, analyzing, and questioning of
primary literature, yet this framework is generalizable to whitepapers, essays, and other forms of
persuasive argumentation. The exercises also incorporate multi-modal engagement - including
written analysis, verbal discussion, and iterative feedback - fostering deeper affective and
cognitive engagement. Additionally, these exercises emphasize constructing well-founded
arguments and provide measurable, evidence-based assessments of their effectiveness,
demonstrating broader applicability beyond academic contexts.

While the small sample size and the single-institution context limit the generalizability of these
findings, the promising outcomes warrant further exploration and application across different
contexts. Future studies could extend this approach to undergraduate courses and other
engineering disciplines, or extend across multiple classes. It would be especially interesting to
design a way to score student’s critical thinking in their written analysis and track their
improvement over time in a quantitative way.

Ultimately, integrating primary literature analysis into engineering curricula offers a practical
and scalable method to cultivate essential critical thinking skills, thereby preparing and
empowering students for the complex problem-solving demands of their future careers.
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Appendix

Table 1: Critical thinking dimensions defined (Facione and colleagues)

Interpretation: The ability to
comprehend and express the
meaning or significance of a
wide variety of experiences,
situations, data, events,
judgments, conventions,
beliefs, rules, procedures, or
criteria.

Analysis: The ability to
identify the intended and
actual inferential
relationships among
statements, questions,
concepts, descriptions, or
other forms of representation
intended to express beliefs,
judgments, experiences,
reasons, information, or
opinions.

Evaluation: The ability to
assess the credibility of
statements or other
representations which are
accounts or descriptions of a
person's perception,
experience, situation,
judgment, belief, or opinion,
and to assess the logical
strength of the actual or
intended inferential
relationships among
statements, descriptions,
questions, or other forms of
representation.

Inference: The ability to
identify and secure elements
needed to draw reasonable
conclusions; to form
conjectures and hypotheses;
to consider relevant
information and to educe the
consequences flowing from
data, statements, principles,
evidence, judgments, beliefs,
opinions, concepts,
descriptions, questions, or
other forms of representation.

Explanation: The ability to
state the results of one's
reasoning; to justify that
reasoning in terms of the
evidential, conceptual,
methodological,
criteriological, and contextual
considerations upon which
one's results were based; and
to present one's reasoning in
the form of cogent arguments.

Self-Regulation: The ability
to self-consciously monitor
one's cognitive activities, the
elements used in those
activities, and the results
educed, particularly by
applying skills in analysis and
evaluation to one's own
inferential judgments with a
view toward questioning,
confirming, validating, or
correcting either one's
reasoning or one's results

Table 2: Single factor ANOVA

Sources SS df MS F Pvalue
Between Groups | 0.176 5 0.035 1.397  0.247
Within Groups 0.956 38 0.025

Total 1.132 43 0.026




