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Systematic literature review on the common misconceptions in
thermodynamics, fluid mechanics, and heat transfer

Abstract

Student misconceptions are rooted in their experiences from everyday life and unsteady
foundations from previous courses. These misconceptions often have a negative impact on
students’ conceptual understanding within an engineering subject. The literature includes many
articles that identify misconceptions in engineering thermodynamics, fluid mechanics, and heat
transfer, and some offer strategies for addressing these misconceptions. However, a recent
literature review on the misconceptions that have persisted in these engineering subjects was not
found. A systematic literature review on common misconceptions in engineering
thermodynamics, fluid mechanics, and heat transfer was conducted for this paper. In total, 32
articles were found within mechanical engineering and engineering education research from the
past 20 years that focused on the search criteria for misconceptions in thermodynamics, fluid
mechanics, and heat transfer. The search terms used to find articles included: student
misconceptions, mistakes, errors, and misunderstandings. The most common misconceptions in
thermodynamics were: differentiation among heat, energy, and temperature, entropy, and steady-
state vs. equilibrium processes. In fluid mechanics, the common misconceptions included:
Bernoulli's principle, gravitational effects, and fluid statics. The common misconceptions in heat
transfer included: differentiation among heat, energy, and temperature, rate vs. amount of
transfer, and modes of heat transfer (conduction, convection, radiation). A distinction is made in
this literature review between primary and secondary misconceptions, where the secondary
misconceptions typically arise from a lack of addressing primary misconceptions. The methods
that instructors and researchers used to identify misconceptions were collected and categorized
based on assessment type. Similarly, the strategies developed to repair and prevent student
misconceptions are presented. With this literature review, a more cohesive view of student
misconceptions can be formed, so that instructors may anticipate these misconceptions in their
own courses and attempt to remediate them, as well as facilitating a deeper understanding of
student misconceptions that may be more generalized to engineering education as a whole.

Introduction

Misconceptions are incorrect or incomplete understandings of concepts sometimes due to the
overgeneralization of ideas [1]-[3]. These misconceptions can originate from various sources,
such as prior knowledge, personal experiences, teaching methods, textbooks or educational

materials, and cultural differences. Students who enter a class with knowledge based on their
previous experiences or education, or preconceptions, can overcome their misconceptions by
standard instruction [4]. For example, a student might think that temperature determines how



“cool” or “warm” a body feels, a common misconception rooted in everyday observations rather
than scientific principles [5]. In other cases, the way information is presented can lead to
misunderstandings. If a professor oversimplifies a concept or uses ambiguous language, students
can develop incorrect interpretations or connections between concepts. Meltzer [6] found that the
majority of students that drew a P-V diagram interpreted it incorrectly when trying to solve
problems related to the work done for a process. Other misconceptions are resistant to change
and cannot easily be repaired or corrected using traditional instruction, unlike preconceptions [4].
These types of misconceptions are often referred to as robust misconceptions since they persist in
core engineering concepts and require a conceptual change model to address them [1][7].

A large body of research exists in the area of repairing and/or preventing student misconceptions
in engineering thermodynamics, fluid mechanics, and heat transfer [1][5][8]-[11]. But educators
must first identify the misconceptions in their specific courses. A diagnostic assessment, such as
a concept inventory, can help an instructor identify students’ misconceptions early in a course so
as to address them before being ingrained in a student's memory. Many concept inventories have
been developed and improved upon over time, specifically for thermodynamics, fluid mechanics,
and heat transfer [12]-[16]. With the help of these assessment tools, educators can gain the
necessary understanding about student background understanding and inform how they can
begin to repair and/or prevent student misconceptions. Some interventions include matrix
exercises allowing a learner to see the connection between ideas [17]-[ 18], active learning
strategies, like peer instruction, classroom communication systems and team teaching [19],
problem-based learning which uses inquiry to ask students open-ended questions [20], computer-
based modules comprising interactive questions, animations, and videos [21]-[22], and visually-
oriented engineering scenarios [23]. By understanding the origins and types of misconceptions
and their impact on learning, educators can better support students in developing accurate and
robust understandings of engineering concepts.

The focus of this systematic literature review was limited to engineering thermodynamics, fluid
mechanics, and heat transfer. The most common misconceptions from each subject area were
collected and organized into the top 3 most common misconceptions that are considered primary
misconceptions (or robust misconceptions). The paper also details the secondary misconceptions
that arise from these primary misconceptions. The methodology used in the present work was
informed by systematic literature reviews conducted in other engineering education subjects
[24]-[26]. The following high-quality search databases were used, including some open-source
search engines: Education Resources Information Center (ERIC), Ei Compendex, Wiley Online
Library, ASEE PEER, and Google Scholar. The key search terms used included, but were not
limited to: student misconceptions, alternative conceptions, mistakes, errors, misunderstandings,
thermodynamics, fluid mechanics, heat transfer, and thermal science. In addition, forward and
backward referencing techniques were employed to comprehensively review the related
literature. A total of 32 articles were found within engineering education research that met these



criteria from the past 20 years. These articles either focused on identifying misconceptions or
repairing and preventing misconceptions within engineering thermodynamics, fluid mechanics,
and heat transfer. Seven articles are discussed in this review that focus on developing concept
inventories, a useful tool among educators to identify common misconceptions among their
students and assess changes in student understanding over time. Some articles found during our
search focused specifically on misconceptions experienced in chemical engineering fluid
mechanics, thermodynamics, and heat transfer courses. Since the focus of chemical engineering
courses differs from mechanical engineering courses, those articles were excluded from this
literature review in order to focus on misconceptions in mechanical engineering courses.

Student misconceptions in thermodynamics

Concept inventories (CI) are a vital assessment tool that educators can use as a pre-test to
determine the initial knowledge state of students, and where robust misconceptions and gaps in
students’ understanding of important concepts exist. When used in conjunction with a post-test,
educators can assess changes in student performance and understanding resulting from a course
experience or other intervention. The application of concept inventories in STEM began with the
development of the Force Concept Inventory (FCI), which was used by physics professors to
measure student understanding of important concepts, and the results of which were the impetus
for significant innovation in physics instruction [27]. Using FCI as a model, Midkiff et al. [12]
developed two Thermodynamics Concept Inventories (TCIs) that were intended to be used in a
two-course thermodynamics sequence. Streveler et al. [28] developed the Thermal and Transport
Concept Inventory (TTCI) that identified concepts of high importance and low student
understanding in the thermal and transport sciences, which includes thermodynamics [28]-[30].
Over the past 20 years, these three CIs and others [13] have been used to identify the most
common student misconceptions in engineering thermodynamics. This literature review found
that the top 3 primary misconceptions in thermodynamics are:
1. Differentiation among heat, energy, and temperature [5][30]-[35].
2. Misunderstandings related to entropy and its implications with the 2nd law of
thermodynamics [4][8][28][32][36]-[37].
3. Confusion between steady-state and equilibrium processes [8][30][35][37].

In terms of primary misconception #1, Saricayir et al. [31] specifically states that heat and
temperature during a change of state are not understood well by students. Self et al. [5] and
Foroushani [32] note that students often think that heat and temperature are equivalent,
concluding that the temperature of a system must always rise due to input heat transfer. Students
incorrectly interpret heat vs. temperature examples in their environment, while failing to
understand the connections to deeper concepts, like the role of flow work or the relationship to
mass and specific heat [32]. Similarly, students don't always understand the differences between
temperature and energy, such as internal energy, and often think of them as being equivalent



[7][30][34]. The following secondary misconceptions found in the literature are likely the result
of primary misconception #1. For example, Foroushani [32] found that the heat vs. temperature
misconception led to student misunderstandings between adiabatic and isothermal processes, as
well as phase-change processes. Student misinterpretations about work as a form of energy
resulted in confusion when applying the first law of thermodynamics [38].

Poor understanding of entropy as it relates to the 2nd law of thermodynamics (primary
misconception #2) is persistent among engineering students [8][28][32][37]. For example, Prince
et al. [4] mentions that students incorrectly assume that friction and heat losses are the only
limitations to achieving 100% thermal efficiency and fail to understand the impact of entropy on
real systems. When students have a misconception about the definition of entropy, the
misconception naturally leads to the inaccurate connection of entropy with the number of
intermolecular interactions and collisions, mistakes with entropy changes in an isolated system,
and, of course, treating entropy as only a measurement of disorder in a physical arrangement
[36]. A secondary misconception exists for thermodynamics students, where the spontaneity of
endothermic reactions are affected by entropy change [39].

The third most common primary misconception found in thermodynamics is that students
confuse steady-state and equilibrium processes. The misconception likely begins with
equilibrium, a concept that is grounded in the chemistry and chemical engineering disciplines.
Vigeant et al. [40] reports that students misinterpret the difference between reaction rate and
reaction equilibrium, and don't truly understand the descriptions of the chemical reactions
underlying the two concepts. Similarly, students confuse the effect that the equilibrium constant
has in indicating the rate of reactions [41]. In terms of secondary misconceptions, Foroushani
[32] found that students confused the assumption of constant pressure and constant volume
processes in energy analyses. This led to misunderstandings about function of state and function
of path, as well as knowing the differences between boundary work, flow work, and shaft work
when finding entropy (misconception #2).

Preventing and repairing common misconceptions in engineering thermodynamics begins with
one of the concept inventories referenced previously [13][28]-[30] or a similar assessment tool.
Yang et al. [1][9] investigated the use of schema training modules to repair misconceptions
related to temperature and pressure, and prevent them in beginning engineering students. The
study found that some students gained conceptual knowledge between pre-test and final test; the
lack of significant gains indicating the difficulty in repairing robust misconceptions. Prince et al.
[7][37] demonstrated improvements in student performance. The researchers used inquiry-based
activities to repair misconceptions with heat, energy, and temperature representing primary
misconception #1 found in this review.



Student misconceptions in fluid mechanics

Concept inventories and other assessments in fluid mechanics have also been developed and
used to identify common student misconceptions [42]-[44]. In [44], Sudirman et al. identified
student misconceptions by conducting a 4-level multiple choice test on static fluid material with
33 Physics education students. Another group of researchers identified misconceptions by
administering a written test to students [43]. Brown et al. [45] identified misconceptions by
interviewing 3 student cohorts, whereas other researchers used classroom observations [28][46]-
[47]. The literature review revealed the following top 3 primary misconceptions:

1. Bernoulli's principle [28][43][46]-[47].

2. Gravitational effects (e.g., hydrostatic pressure, Archimedes' principle) [10][43]-[44][47].

3. Fluid statics (e.g., Pascal's law) [43]-[44][47].

The Bernoulli principle is primary misconception #1 and was one of the 31 concepts identified
by Streveler et al. [28] as having lower understanding and higher importance relative to some
other concepts evaluated. A significant issue for students lies in applying Bernoulli's equation for
two points of a fluid where one point is at rest [43][47]. Suarez et al. [46] later found that
students had trouble understanding that higher flow velocity does not always indicate lower
pressure (a secondary misconception). For example, a student's experience with placing their
finger on the end of a hose led them to believe that the higher velocity was a result of higher
pressure. Another secondary misconception is that students assume that a moving volume
element is affected only by the fluid that precedes it [46].

When students encounter questions involving gravity (primary misconception #2), they base
their answers on ill-supported assumptions about local pressures [10][44]. Many students
incorrectly generalize the behavior of point particles under the influence of gravity to the
behavior of fluids. Some examples include misunderstandings around hydrostatic pressure,
Archimedes' principle, and flow velocity changes in vertical pipes of uniform cross-section
[44][47].

Primary misconception #3 involving fluid statics is that students struggle with applying Pascal's
law, the negligible pressure differences between the extremities of a vertical pipe with a fluid at
rest [43]-[44]. Some other notable misconceptions included topics related to pipe flow, such as
flow through pipes with changing diameter and changing pressure [43][45], recognizing that the
pressure of a fluid in motion is the same as the pressure of a fluid at rest [43], and applications of
the ideal gas law [47].

Aside from the theme of identifying misconceptions held by students, the literature review also
uncovered the theme of preventing and remediating common misconceptions around fluid
mechanics. One of the most effective methods found was showing real-world examples or



demonstrations so that students could debunk their own misconceptions in real time. For
example, one set of instructors asked students several different questions, such as "do you need
to blow harder or softer to blow large soap bubbles," with many students stating that one needs
to blow harder [11]. Using real-life examples, these instructors were able to teach their students
the correct knowledge behind fluid mechanics concepts. In [10], Schifle and Kautz developed a
tutorial based in student thinking, where students worked in groups to confront misconceptions
with the continuity equation and the Bernoulli equation, the latter being the most common
primary misconception related to fluid mechanics found in the literature.

Student misconceptions in heat transfer

Similar to the other two engineering subjects discussed previously, several researchers have
developed concept inventories for assessing student misconceptions in heat transfer [14]-[16]. A
review of the literature for the most common student misconceptions in heat transfer revealed
that the top 3 primary misconceptions are:

1. Differentiation among heat, energy, and temperature [5][7][28][35][40][48].

2. Rate vs. amount of transfer [5][7][40][49].

3. Modes of heat transfer [7][28][35][40][50].

As was discovered for thermodynamics, students in heat transfer commonly and incorrectly
equate heat, energy, and temperature or think of them as being interchangeable quantities
[5][48]. Oftentimes, the primary misconception begins with heat and temperature because of the
everyday observations a student encounters, such as the belief that temperature determines how
“cool” or “warm” a body feels [5][7]. This leads students to confuse temperature and energy
(secondary misconception), incorrectly assuming that higher temperatures always indicate higher
energy [5][40]. Students may not understand that energy is a broader concept encompassing
multiple forms, while temperature specifically measures the average kinetic energy of particles
in a substance. Similarly, misunderstandings between heat and energy lead students to confuse
thermal energy and its transfer (secondary misconceptions), leaving them unable to recognize
that heat is one of the ways energy can be transferred [28][35].

Thus, in some ways the primary misconception #2 between heat transfer rate and amount of heat
transferred is a secondary misconception to the heat, energy, and temperature primary
misconception. Students fail to treat heat as a substance that is transferred between bodies, which
is separate from the total amount of heat that is transferred [5][7][40]. This misunderstanding is
not limited to heat transfer, but also arises as a secondary misconception for the concepts of
momentum transfer and mass transfer [49]. The confusion leads to additional downstream
effects, such as not knowing the correct units to use for each process [40]. Finally, primary
misconception #3 is that students do not fully understand the different modes of heat transfer
(conduction, convection, and radiation) and how they operate [28][50]. The most problematic



issue concerns thermal radiation, where students think that the process requires a medium to
transfer heat, similar to conduction and convection [15][40]. The concept of heat transfer through
electromagnetic waves proves to be too cumbersome for most students to comprehend and apply
to heat transfer problems.

Conclusions

This paper presented a systematic literature review on the common misconceptions within
engineering thermodynamics, fluid mechanics, and heat transfer. The articles found were
organized into a top 3 from each subject area based on the number of times each misconception
was identified in the literature. The results for the most common primary misconceptions can be
summarized as follows: thermodynamics (differentiation among heat, energy, and temperature,
entropy, and steady-state vs. equilibrium processes); fluid mechanics (Bernoulli's principle,
gravitational effects, and fluid statics), and heat transfer (differentiation among heat, energy, and
temperature, rate vs. amount of transfer, and modes of heat transfer). This review also included a
discussion about the distinction between primary and secondary misconceptions, where
secondary misconceptions typically arose from a lack of addressing primary misconceptions (or
robust misconceptions). Additionally, this review discussed the concept inventories that
researchers have developed to identify and assess student misconceptions, and the methodologies
available to assist instructors in repairing and preventing robust misconceptions. The results of
this systematic literature review can be used to help engineering educators understand student
misconceptions in their subject area, learn tools to enhance their teaching practices, and better
support students with overcoming their misconceptions.
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