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ABSTRACT: The ultimate goal of this article is to encourage engineering instructors to venture into the
engineering education literature.The strategy adopted was to construct a graph of the main categories of literature
on education and provide some commentary and key references for each category. This familiarization process
has been likened to taking a tour, with the aid of a map (the graph) and a guide (text and references). The map
organized topics from education literature in discreet sites, or stops, of theoretical (e.g. cognitive hierarchies)
or applied (e.g. learning of engineering topics) interest. The article provides a description of every stop and the
impressions of an instructor of geotechnical engineering who took the tour and recorded along the way comments
on the tour itself and ideas stimulated by the tour stops, related to shortcomings and possible improvements of
university education and geotechnical instruction. The development and testing of the tour pointed to needs for
additional research and for identifying the most suitable crossing points between engineering and education.

1 THE NEED, A PROPOSAL FOR A TOUR OF
EDUCATION, A PILOT APPLICATION

Despite an emphasis of funding policies on engineer-
ing education during the last two decades, results from
research in engineering education often face signif-
icant barriers to widespread adoption into practice
(NSF, 2010). More specifically, answers of 197 US
engineering department chairs indicated an awareness
rate of 82% but an adoption rate of only 47% for seven
engineering education innovations amply described in
the literature (Borrego et al., 2010).

Herein it is hypothesized that one possible strategy
to increase both rates is to increase the proportion of
engineering instructors who read the engineering edu-
cation research literature and, hence, may feel more
comfortable to incorporate some findings in their
teaching. An additional premise of this article is that
a selective, structured overview of the education lit-
erature may offer an engineering instructor a friendly
point of entry.

This article proposes such an overview for an
intended audience of engineering instructors who wish
to become familiar with the education literature. A key
element of the overview is a graph of eight main cat-
egories of literature on education. Each category is
accompanied with a brief commentary and an eclec-
tic selection of very few key references. Studying the
overview was likened to taking a tour, with the aid of
a map (the graph) showing the sites of interest (tour
stops) and a guide (text and references). This article
includes (i) the map, (ii) an abridged version of the text

with the references and (iii) major comments resulting
from a pilot trial of the tour and the ideas it prompted
with regards to university education in general and
geotechnical engineering instruction in particular.

2 A TARGETED TOUR OF EDUCATION SITES

2.1 Methodology

The proposed approach for the familiarization of engi-
neering instructors with the education literature was
modeled after traveling on a tour, because a tour has
four attractive characteristics. First, it does not require
a significant deliberate effort nor presupposes a com-
mitment for in-depth involvement. If a tourist likes a
site a lot, they may elect to spend more time in it, if
not, they go on to the next site. Second, a tour may
be taken in a self-guided mode or with the involve-
ment of an intervening-upon-demand tour facilitator,
in an interactive mode. This flexibility allows impa-
tient or ambivalent tourists to opt for the self-guided
option, while more relaxed tourists may appreciate the
lack of responsibility and any added ad hoc contribu-
tions of the facilitator. Third, a tour only includes a
selection of sites. There rarely exists a canon for all
the stops of a tour, and sophisticated tourists often
appreciate being guided to little known uncrowded
treasures.Also related to site selection, tourists signing
on tours should know in advance the program of the
tour, a requirement fulfilled by the map of education.
Last, and perhaps most important, a tour is customar-
ily linked to tour impressions, often noted in postcards

231



or diaries meant for others or just for personal use. The
above characteristics combined make it less overbear-
ing to suggest to an academic colleague to take the
tour and record (or e-mail) impressions, as an added
option, than to participate in a seminar and submit
homework. By design, the proposed setup shifts the
focus of evaluation from the tour participant to the
tour itself.

The tour material was put together by the first author
of this paper, a civil engineer by training whose activ-
ities in the field of engineering education in the last
15 years include, apart from faculty positions in civil
engineering departments, a year as a visiting scholar
at the Graduate School of Education of UC Berkeley
in 2000–2001 and active participation in international
committees and networks for engineering education.

As a first test of its potential usefulness, the selec-
tive overview of education was used in a pilot tour
and at the same time subjected to a review by the sec-
ond author of the paper, a geotechnical engineering
instructor with 5 years of practical experience, and
20 years of teaching experience including 10 years of
overlapping administrative experience, who assumed
the dual role of tourist-reviewer. In this dual capac-
ity, he offered comments both on ideas generated by
the material studied and on the familiarization proce-
dure itself, which are included in Section 3. However,
when the roles conflicted the tourist had clear prior-
ity, for example, there was no obligation to comment
on any dull sites. While preparing the tour guide, the
first author also recorded ideas relevant to geotechni-
cal education and related to tour materials, which are
also included in Section 3.2.

2.2 Why a map of education for an engineering
instructor?

This section addresses the weak relationship between
engineering education research and practice and puts
forth an argument on how a map of education may
strengthen it. For some educators involved in day to
day teaching, the boundaries between the practice of
education and education as a research field are blurred.
Others are aware of the distinction between the two,
but do not see the usefulness of engineering education
research. This reservation is legitimate in the absence
of a good number of publicized examples of research
results effectively translated into practice (NSF, 2010)
in a transportable manner, i.e. adopted in the practice of
educators without the involvement of the researchers
producing the results. The barriers to be faulted for
the lack of awareness are likely to be mainly insti-
tutional. It is possible, however, that the skepticism
towards adopting engineering education innovations
has deep epistemological roots.

The engineering education literature has identi-
fied some conceptual difficulties that may be experi-
enced by engineering faculty members as they become
engineering education researchers (Borrego, 2007).
Such a “difficulty analysis” is missing for engineering
faculty at an earlier stage of commitment, when they

may consider becoming familiar with some of the edu-
cation literature. For both categories, the fundamental
differences between engineering and education form
an important barrier that must be overcome. Borrego
(2007) identifies level of consensus as a useful mea-
sure of differences among disciplinary fields:

“[…] fields with higher level of consensus
(engineering, physics) have a tighter integra-
tion of knowledge that makes it more risky to
attempt a contribution because errors and slop-
piness can be more easily detected by others. In
fields with less consensus (education, commu-
nication), standards of rigor are not as clearly
defined and enforced.”

As a consequence, in fields with less consensus, it is
more difficult to know what to trust, especially for an
outsider unaccustomed to the coexistence of multiple
explanatory frameworks or of alternative competing
theories. Such is the dilemma of an engineering faculty
member approaching education.

The epistemological barrier between engineering
and education is compounded by some initial clum-
siness or even discomfort potentially experienced by
experts when venturing outside their field of exper-
tise. Experts are used to working confidently and
efficiently. This confidence of experts results from a
variety of attributes and skills: among the foundational
attributes is a highly organized structure of specific
knowledge (Glaser & Chi, 1988).

Thus, a map of education, such as the graph shown
in Figure 1, may help thematic field experts venture
into the field of education with a semblance of knowl-
edge structure.To this end, the map is drawn at a coarse
level of detail to include only eight groups (I to VIII)
of topics. A map may appeal to engineering experts
in particular, who tend more to favor graphs over
text, compared to their humanities and social science
counterparts. Clearly, the map projects the applied per-
spective of engineering instructors who are mostly
interested in finding material relevant and, ideally,
useful to their teaching engagements. From this per-
spective, groups I to VI can be viewed as “theory” and
groups VII and VIII as “applications”. Topics most
useful to engineering instructors (VI and VIII) occupy
the center of the graph to stress the applied orientation
of the map and the tour.

2.3 Tour guide & tour stops

The tour guide consists of a one- to three-page text for
each stop. Somewhat abridged versions of the stops
are included in Sections 2.3.1 to 2.3.8, together with
brief additional commentary. Altogether, the guide is
a 20-page long handout. The text is written in a per-
sonal tone, which is more suitable for taking the tour in
an interactive mode. Texts of early stops include spe-
cific questions as a warm up. The text for each stop
includes a few references, one to six depending on
the stop, of mostly optional reading. From those refer-
ences, some are highlighted as recommended reading
in stops of more applied interest. Copies of a subset of
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Figure 1. Main groups of topics from the education literature of potential interest to an engineering instructor: Theory (I to
VI) and applications (VII & VIII). The center of the map is occupied by topics of immediate relevance to applications in
courses (VI) and in particular engineering courses (VIII).

the references, including all the recommended papers,
are made available for their easy perusal by tourists.
These recommended readings are indicated with an
asterisk in the list of references at the end of this paper.

2.3.1 Educational philosophy (I)
Instructors are bound to make many instructional deci-
sions on the basis of their educational philosophy,
however fragmented or tacit it may be. Inspirational
books that help an educator form or enunciate a per-
sonal educational philosophy are those with a clear
position on the goals of university education, and
specific links between these goals and instructional
practices. From the inspirational book category, the
one-page guide for the first stop selected the book
by Bowden & Marton (1998), which clearly adopts
the view point of learning (what students do) instead
of that of teaching (what teachers do). The guide
concludes Stop I with asking for any additional worth-
mentioning writings with an educational philosophy
component.

Among other usable pieces of wisdom, Bowden &
Marton (1998) say about the relationship between
learning and discernment:

“To discern an aspect is to differentiate among
the various aspects and focus on the most rele-
vant to the situation. Without variation there is
no discernment.”

This excerpt is characteristic of most philosophy:
when understood, the same idea may appear apoc-
alyptically powerful or trivially obvious. As a guide
for teaching, the quote by Bowden & Marton (1998)
reminds an instructor that if students are routinely
taught only one solution method per class of problems,
they do not practice discerning the characteristics of
a problem that make a method adequate for solving
it. As a result, when students are asked to assume the
role of a practitioner and choose among hypothetical
alternative approaches, they tend to opt for the more
accurate (difficult and expensive) solution method,
an assortment of necessary and superfluous informa-
tion, extensive sampling, etc. On a more topic-specific
level, the emphasis of Bowden & Marton (1998) on
variation will become useful in later stops involving
student learning.

2.3.2 Epistemological and pedagogical beliefs (II)
This stop concerns beliefs about (i) the nature of
knowledge and knowledge acquisition (epistemologi-
cal beliefs) and (ii) how can instructors facilitate this
knowledge acquisition (pedagogical beliefs). It is the
belief (!) of the first author of the paper that instruc-
tors’epistemological and pedagogical beliefs, her own
included, are an amalgam of material originated from
sources varying from scientific evidence to unques-
tioned lay wisdom. To avoid treading on any cherished
belief, the one-page guide for Stop II only invites the
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reader to consider some prompts for epistemological
and pedagogical belief detection:

• one scientific truth or different personal constructs
of reality?

• can we separate cognitive skills from content?
• is there a difference between everyday learning and

university learning and/or should there be?
• the differences between education levels (e.g. high

school, college, graduate school) are in degree
(e.g. “more of the same”) or in kind?

The text does not provide answers, nor does it dis-
cuss the inspiration for the questions. For alternative
ideas on the different kinds of learning, the reader is
referred to Laurillard (2002), whose opinion is that
everyday learning is making sense of personal expe-
riences, while academic learning is making sense of
the accumulated experience of others. Clearly it is
beneficial to have academic learning include experi-
ential learning. However, an individual learning only
from personal experiences is bound to have a limited
repertoire.

Even if not of immediate application, Stops I and
II deserve more attention by instructors and educa-
tion researchers. The task of education researchers is
dual. At a minimum, they should openly acknowledge
in their writings their own beliefs. In addition, the
engineering education research community should (a)
design opportunities for communities of instructors
to acknowledge, crystallize and modify beliefs and
(b) undertake research projects to uncover beliefs and
unstated links to instructional decisions.

2.3.3 Cognitive hierarchies & learning styles (III)
The two-page long guide of Stop III includes pieces of
education literature, which are among the best known
to engineering educators. The term “cognitive hierar-
chy” refers loosely to the developmental stages of the
learner or to the increasing levels of sophistication of
cognitive tasks a learner can engage in successfully. A
note of caution: as with many education-related writ-
ings, the reader should question whether these hierar-
chies are constructed mostly on the basis of evidence
(i.e. following a “what is”, descriptive approach) or
expert opinion (i.e. following a “what should be”, pre-
scriptive approach). Another cautionary note concerns
pieces of work that, without stating it explicitly, put
forth a prescriptive hierarchy of learning tasks, which
can be misinterpreted as a hierarchy of developmental
stages.

An example of a descriptive approach is Perry’s
(1981) study with undergraduate college students,
which shows the potential changes of their episte-
mological beliefs, starting from (i) a dualistic, “right-
wrong” belief and an expectation that an authority will
tell apart right from wrong, then allowing for (ii) multi-
plicity, which acknowledges diversity and uncertainty,
moving on to (iii) relativism, where the self is viewed as
active maker of meaning, and finally reaching a stage
of (iv) commitment to certain values within a relativis-
tic framework. Perry (1981) places more emphasis on

the transitions between the four positions, and consid-
ers the transition from multiplicity (ii) to relativism
(iii) as the most critical junction for the teacher and
the student, a transition that requires “the capacity
for meta-thought, for comparing the assumptions and
processes of different ways of thinking”.

An example of a prescriptive approach is the hierar-
chy of educational objectives known as “Bloom’s tax-
onomy”.The taxonomy was developed by a committee
of college and university examiners. The committee
set out to describe in testable ways the components of
what some educators mean by “understanding”, “deep
understanding”, “grasping the essence”, etc., when
referring to desirable student achievements. The tax-
onomy was published in a handbook edited by Bloom
and coworkers (Bloom et al., 1956), hence the name,
and proceeds from (1) knowledge (recall of specifics,
methods, abstractions, etc.), to (2) comprehension
(make use of materials without necessarily relating
them to other material), (3) application (use abstrac-
tions in particular situations), (4) analysis (construct
explicit relationships between ideas), (5) synthesis
(put together elements to form a whole not known in
advance) and (6) evaluation (judge value of material or
methods for given purposes). Bloom’s taxonomy, suit-
ably re-annotated for engineering, is used in ASCE’s
Book of Knowledge (BOK) to describe levels of
achievement expected by civil engineering graduates
and licensed civil engineers for each of the 24 out-
comes in BOK (ASCE, 2008). For example, whereas
in outcome “mathematics”, level 3 (application) is
adequate, outcome “mechanics” requires a level 4
(analysis) for a graduate with a bachelor’s degree.

Even engineering instructors completely unfamiliar
with the educational literature may have heard of the
notions of learning styles, mostly due to often repro-
duced critiques of instructors who do not strive to tailor
instruction to the students’style, which is, presumably,
different from the instructors’ style. Laurillard (2002)
touches briefly on the learning styles literature and
concludes with a note of caution that there is no evi-
dence suggesting that these styles are student-specific
(i.e. they are rather both student- and task-specific).
Perry (1981) also cautions against confusing a suppos-
edly entrenched learning style with an epistemological
position under development and subject to modifica-
tion. In consonance with these cautionary writings, the
guide includes only one reference from the literature
on learning styles, which argues that knowledge of
styles is not meant to guide instructors to match the
students’ styles but rather to offer a variety of learning
tasks in order to both accommodate every student and
at the same time help all students stretching in less
preferred modes of work (Sharp et al., 1997).

2.3.4 Metacognitive, motivational & social aspects
of learning (IV)

This stop was originally meant to include the aspects
of learning that could not be viewed as “purely cogni-
tive” (if such a decoupling is possible) and, hence, was
named “motivational and social aspects of learning”.
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This is a large and mixed body of literature, con-
cerned with the psychological experiences of learning
(including issues of confidence and perceptions of self
worth) and the human interaction aspects of the learn-
ing experience. In the latter category belong assertions
that “learning is a social activity” and, hence, addi-
tion of any social aspect to learning is considered as
good (although this conflicts with some of the “learn-
ing style” theories, according to which certain styles
do not enjoy group work).

On further consideration, it was decided to also
include domain-independent metacognitive aspects of
learning, for which a suitable place is not apparent.The
metacognitive aspects of learning refer to the second-
level thoughts about the learning process and about its
results (let us say in engineering terms, the “quality
control and quality assurance” of learning), including
a self assessment of ability. Alternatively, they could
be thought of as characteristic skills of a mature cog-
nitive development stage and, hence, included in Stop
III. Or they could be discussed together with topic-
specific metacognitive aspects of learning. Whereas
the most suitable categorization remains open, it was
decided to include them in Stop IV, partly as an oppor-
tunity to highlight the article by Kruger & Dunning
(1999) on self assessment, in which many instructors
will recognize inaccurate self-assessments of their own
students. The main title of the article summarizes its
essence: “Unskilled and unaware of it”. Kruger and
Dunning (1999) consistently found that incompetent
participants grossly overestimated their performance
and also were less able to assess competence of oth-
ers. On the basis of their results, Kruger and Dunning
argue that

“people who use incompetent strategies to
achieve success, they suffer a dual burden: not
only they reach erroneous conclusions […], but
their incompetence robs them of the ability to
realize it.”

On the contrary, at the high end of performance, com-
petent participants underestimate how well they have
performed. However, the problem here is not cognitive
but lack of information: these students assume that
others are like themselves and have also done well.
Once competent participants were shown the work of
others, they were able to revise their performance and
gauge better their percentile ranking.

2.3.5 Computational theories of the mind (V)
Stop V is concerned with parsing knowledge, assum-
ing it is possible to do so. If indeed knowledge can
be parsed meaningfully in constituent components,
this is very useful for instructional purposes. Hence,
a dedicated stop. Some parsing attempts were either
inspired or reinforced by the way computers work.
That is why this stop is named “computational the-
ories of the mind”. From Stop V, it is worth keeping as
a souvenir one very useful idea:

knowledge can be broken down into two cate-
gories: “declarative knowledge” (“know that”

type of knowledge) and “procedural knowl-
edge” (“know how” type of knowledge).

According to Anderson and Lebiere’s (1998) theory
of cognition, declarative knowledge (know that) can
be broken down in chunks, upon which procedural
knowledge (know how) operates via production rules.

Cognitive psychologists’ theory of “knowledge
decomposition” is applied to instruction as “task
analysis”. Gardner (1985) defines task analysis as “a
decomposition of a complex task into a set of con-
stituent subtasks”, aptly remarking that “traditionally,
educators have performed intuitive task analysis to
make the job of instruction more manageable”.As with
most theories in education, instructional task analysis
makes the intuition of seasoned instructors more sys-
tematic and, most useful to others, more visible.Also as
most theories in education, instructional task analysis
is meaningful to instructors mainly through applica-
tions (examples) in a thematic field close to their own.
This is because the specific breakdown and the interac-
tions between “know that” and “know how” seem to be
domain specific (Gardner, 1985). Examples of interest
for a civil engineering curriculum include complete
task analysis in statistics (Lovett, 1998) and statics
(Steif, 2004) and partial task analysis in modeling of
engineering systems (Pantazidou & Steif, 2008).

Task analysis helps the instructor teach a com-
plex skill, such as design or modeling, in lieu of the
alternative “watch me do it”. At the same time, task
analysis allows the students to see the subparts of a
skill and, most importantly, to practice them individu-
ally. Although performing individual subtasks may be
the end goal in a particular introductory course, from
the perspective of a learners’ cognitive growth, it will
be a means to move up the ladder of performance. This
is the perspective through which Dreyfus & Dreyfus
(1986) provide additional support for the educational
approach of breaking a task into steps and forming
rules, while at the same time stressing its limitations.
They argue that steps and rules are useful to novices.
They claim that learners do not progress abruptly from
“know that” (e.g. know the steps or the rules) to “know
how” (e.g. selecting the right steps or using the rules
in the appropriate circumstances). On the contrary,
instruction and experience takes learners through up to
five levels of skill: novice, advanced beginner, compe-
tent, proficient and expert.The novice starts with some
facts and some rules based on those facts. These rules
continue being useful for the next skill level as well,
because rules allow advanced beginners to accumu-
late experience, playing the role of training wheels in
children’s bicycles. But then, exactly as learners need
the rules in order to progress throughout the begin-
ner’s level, they need to leave aside the rules in order
to progress to the next levels.

2.3.6 Instructional theories & instructional
frameworks (VI)

From the instructor’s perspective, often the “core” of
teaching is the activities planned by the instructor and
involving the students (classroom lectures included).
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Figure 2. The conversational model identifying the activities necessary to complete the learning process (from Laurillard,
2002).

This is why “Instructional Theories & Instructional
Frameworks” occupies a central position in the educa-
tion map in Figure 1. It is hoped that every instructor
will find something usable for course planning in this
stop, which is the final stop in the “theoretical” part of
the map (the last two stops are content-specific) and,
together with Stop VIII, the longest of the tour guide
(three-page long).

Regarding instructional theories, it should be
reminded that the research base of education rests
on methodologies of the social sciences and, hence,
engineering instructors may experience discomfort
(Borrego, 2007) if expectations are set high. To pre-
empt disappointments, instructional theories may be
better described as hypotheses, which, with time, are
supported with more evidence. Similarly to Stop IV,
instructional theories are perhaps most useful in a
retroactive sense, i.e. in supporting a practice of teach-
ing that already appeals to the instructor. One such
example of instructional theory is “inductive teach-
ing”. Prince and Felder (2006) discuss alternative
methods for inductive teaching and learning and the
existing evidence in support of such methods. Engi-
neering instructors who are inclined to first give some
examples before teaching theory will appreciate this
article, as well as proponents of project-based and
problem-based learning.

Instructional frameworks consist of a collection
of general rules or steps that guide the decisions
of an instructor planning a lecture or a course, or
designing interventions and instructional materials.
One such framework is given by Laurillard (2002)
for the design of teaching material in four stages.
The framework is based on a “conversational model”
proposed by Laurillard to describe the desired interac-
tion between teacher and student, which is shown in
Figure 2. Laurillard’s interaction model concerns four
pillars of the learning process: i) what goes on in the
teacher’s mind (“Teacher’s conception”, top left), ii)
what goes on in the student’s mind (top right), iii) the

environment created by the teacher for the student (bot-
tom left) and iv) the student’s actions (bottom right).
Laurillard considers a discursive part of the learning
process (activities 1–4 in Figure 2) as the students com-
municate their conceptions to the teacher, eliciting a
re-description, if necessary (these are the interactions
between teachers and students at the level of ideas).
There is also an adaptive part, as the teacher modi-
fies the environment created for the student (activity
5) and the students adapt their actions (activity 10).
The interactions between teachers and students at an
action level include the responses of students (7) to the
given goal (6) and feedback by the teacher (8), which
is followed by modified student actions (9). Finally,
there is a reflective part, which apparently can go on
asynchronously with the student-teacher interaction,
resulting on the part of the learner in a comparison of
the concept with experience (11), hopefully integrating
the two, and on the part of the teacher in modify-
ing teaching (12). Laurillard considers that these 12
activities are required to complete the learning pro-
cess and, hence, this premise may be classified as an
instructional theory or hypothesis.

However, it is not necessary for the instructor to
agree with the model describing the teacher-student
interaction depicted in Figure 2 in order to benefit
from the methodology put forth by Laurillard (2002)
for the design of teaching material or activities, which
includes the following four main stages:

(1) Stating learning objectives, using as sources pri-
marily the experts of the thematic field, but also
taking into account the performance of students.
When Laurillard’s book first came out in its 1st
edition (1993), this first stage could be considered
as innovative. Today, designing courses and study
programs on the basis of learning outcomes and
competences is widely regarded as a good prac-
tice (ASCE, 2008) and is often required (ABET,
2011).
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(2) Recognizing students’ needs by asking diagnos-
tic questions to find out what the students actually
learn. Bowden & Marton (1998) provide guidance
on how to formulate suitable diagnostic questions,
which are typically qualitative and expressed in an
everyday language, avoiding as much as possible
technical terms. Several such studies are available
in the literature. One example related to physics
is described in Stop VII (Bowden et al., 1992)
and two examples related to civil engineering are
included in Stop VIII (Pantazidou, 2009; Steif,
2004).

(3) Designing learning activities and teaching
materials, which, according to Laurillard (2002),
collectively should cover all types of activities
depicted in Figure 2.

(4) Testing and refining is the final stage, which will
require several iterations especially for computer-
based tools of wide dissemination.

It is useful to present a second framework for
comparison purposes, the scaffolded knowledge inte-
gration framework (SKI) (Linn, 1995).The SKI frame-
work also involves four main stages: (1) identify key
topics, identify goals and specify student outcomes,
(2) identify student mental models (what students
learn), (3) design learning environments fostering
autonomous learning and provide support and (4)
through assessment, refine the student mental mod-
els, student outcomes and learning environments. A
comparison of the two frameworks reveals that their
differences are due mainly to the sine qua non of
learning assumed by the two researchers, i.e. the
“conversational model” of Laurillard (2002) and the
emphasis of Linn (1995) on providing scaffolding for
the student’s learning experiences, while at the same
time offering opportunities for autonomous learning.
Another similarity worth noting is in the analogies used
by instructional theories, e.g. “scaffolding” by Linn
(1995) and “training wheels” by Dreyfus & Dreyfus
(1986), both of which should, ideally, be removed
before graduation.

2.3.7 Learning of non-engineering topics &
general skills (VII)

The last two stops concern the vantage point of the
learner for specific topics: the emphasis is removed
from what or how the learner should learn and placed
on the actual learning experience of every learner. By
necessity, what is known about the learning experience
is revealed by either observing learners engaged in
suitable tasks, or by directly asking the learners them-
selves, or by combining the two approaches. Research
shows that the variation of the learning experiences
is limited and, hence, they can be grouped in a few
categories (Bowden et al., 1992; Bowden & Marton,
1998). Widely researched topics are those studied in
primary (e.g. reading, arithmetic) and secondary edu-
cation (e.g. mathematics, physics). At the university
level, topics researched are typically introductory sub-
jects taught to large audiences, such as statistics and

programming, as well as general skills, such as text
reading and problem solving.

The interest of the studies belonging in this stop
lies, for the engineering instructor, not in their con-
tents per se but in the content types. Some studies
reveal the different ways students approach the same
task. Bowden and Marton (1998) give such an example
for the task “learning from texts”, based on research
conducted with university students reading the same
text: some students choose to focus on memorizing
facts from the text, others on identifying the struc-
ture of the arguments made in the text. A subcategory
of studies focuses on identifying typical student mis-
conceptions, i.e. the different ways students can “get it
wrong”: this is the type of information needed in Stage
2 of the instructional frameworks discussed in Stop
VI. Other studies compare characteristics of the per-
formance of novices (e.g. undergraduate students) and
experts in a field (e.g. PhD candidates or professors).
Comparisons of experts-novices engaging in physics
problems have shown that experts engage in qualita-
tive analysis before solving equations, they categorize
problems correctly early on and then, correct catego-
rization leads them to deploying relevant declarative
and procedural knowledge (Chi et al., 1981).

Stop VII has as recommended reading one paper
on students’ understanding of concepts in physics
(Bowden et al., 1992). The paper stresses the impor-
tance of conceptual understanding, which is often
downplayed in engineering. Moreover, it gives a suc-
cinct description of the theoretical framework used
to discover the “qualitatively different ways in which
people experience, conceptualise, perceive and under-
stand various aspects of, and phenomena in, the world
around them”. For the physics concepts studied in the
paper, a few different categories of description are
identified and ranked in terms of explanatory power.
The authors stress that some of the less powerful
understandings do not preclude students from deriv-
ing correct quantitative solutions and argue that the
lack of conceptual understanding will create prob-
lems in later years in subsequent courses. In fact,
studies have shown that students able to solve cor-
rectly a conventional problem asking for a numerical
answer (following a “problem-solving strategy”), fail
to answer correctly its conceptual counterpart asking
for a trend in phenomena observed (Mazur, 1997).

2.3.8 Learning of engineering topics (VIII)
Visitors arriving at the last stop are reminded that
the tour is designed for two groups of engineering
instructors. One group is made up of those instructors
who may enjoy acquiring a broader-than-usual per-
spective on education. The other group includes those
who may also contemplate using results of engineer-
ing research in their own teaching and formulating
research questions of applied relevance to the teach-
ing of their discipline. The contents of the last stop
were chosen primarily with the latter group in mind.
They include two topic-specific examples of unpack-
ing students’ understanding of engineering concepts.
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The first is a small-scale example of probing students’
understanding of a geotechnical concept. The scale
of the probing activity is such that every instructor
can adapt it to most teaching situations. The second
example is a large-scale research effort on compiling
a complete inventory of the key concepts in statics
and of the types of errors students make when solving
statics problems. The description of the two examples,
which follow below, places emphasis on results that are
directly usable by other engineering instructors teach-
ing these topics. Stop VIII closes with a comparison
of the theoretical underpinnings of the two examples,
drawing on material from earlier stops.

Example 1: The concept of soil structure
Soil structure refers to the arrangement of the soil par-
ticles relative to each other and to what holds them
together. Although soil structure may be considered
a foundational topic of geotechnical engineering, it is
seldom discussed at significant depth in courses on soil
mechanics or geotechnical engineering, with the pos-
sible exception of instruction on the structure of clays.
Pantazidou (2009) reports on what students believe
about soil structure as revealed by the associations they
make with soil characteristics such as permeability and
porosity (porosity is the volume of the space among
soil particles divided by the total soil volume). The
motivation to undertake this work was the observation
that many students appear to be confident that clays
have small pore space, which very often is not true.
Following the tradition of Bowden & Marton (1998),
Pantazidou posed the following qualitative question to
the students:

“In your opinion, in which type of soil you may
encounter a higher porosity, in a sand or a clay?
How do you justify your opinion?”

Students typically answer “in a sand” (incorrect
answer). The justifications students gave for this
answer can be grouped in a few categories, as already
mentioned in Stop VII (Bowden & Marton, 1998). The
two most popular categories of explanations involve
the larger pores of the sand and the higher perme-
ability of the sand (both correct observations). The
remaining justifications involve a few physical char-
acteristics of sand (sands flow), indirectly related to
porosity (sands compact easily) or permeability (sands
dry easily). The hypothesized relationship between
pore size and porosity is a misconception, whereas
the relationship between permeability and porosity
is an overgeneralization. With regards to permeabil-
ity, when the porosity of a given soil decreases, its
permeability indeed decreases as well. However, gen-
eralizations across different soils cannot be made
without data on their structure. Based on this anal-
ysis of the students’ conceptions, Pantazidou (2009)
goes on to suggest specific interventions, in the form
of laboratory demonstrations and simple calculations
for model porous media. Although other instructors
may find some of the interventions suitable for their
courses, it should be stressed that the potential of the

interventions to remedy the misconceptions has not
been formally assessed.

Example 2: Statics concept inventory
Statics is an introductory course of most civil
and mechanical engineering curricula and involves
Newtonian physics for the solutions of various multi-
body mechanisms at rest (i.e. being in static equilib-
rium). Mechanical engineering professor Paul Steif
has taken a comprehensive approach to teaching and
learning of statics and presented his work in a series
of publications, from which a selection is included in
the tour guide. As a first step, Steif (2004) defined
the constituent elements of statics itself and analyzed
students’ work on statics problems. According to Steif
(2004), a typical statics problem can be decomposed
to (i) parsing the system, (ii) reasoning about forces
connecting parts, (iii) isolating bodies to impose equi-
librium conditions and (iv) applying the equilibrium
principles to selected bodies. Using his knowledge
of statics, Steif identifies a minimal set of four key
concept clusters (or “elements of declarative knowl-
edge”, following the terminology from Stop V) and
four fundamental implementation skills (or “elements
of procedural knowledge”). On the basis of his experi-
ence with teaching statics, Steif identifies 11 common
errors students make, each one relevant to a subset
of the aforementioned concepts and skills. Identifica-
tion of errors at the fine-grain level of key concept or
fundamental skill is necessary for targeted diagnosis
and intervention. This first publication can be use-
ful to other instructors of statics interested in making
comparisons with their own experiences from teaching
statics.

As a second step, Steif developed a series of prob-
lems accompanied with multiple choice questions,
grouped in five classes of typical statics problems (free
body diagrams, equilibrium conditions, etc.). Each
problem includes one correct and four wrong answers.
Each wrong answer represents a correct calculation
based on one of the identified misconceptions. One
such problem would concern a multiple body and
rope system, and the question asked would address
the forces in the free body diagram of a subset of
blocks and chords. These questions were the basis for
developing a Statics Concept Inventory (SCI) of 27
questions, covering the aforementioned five classes of
problems (Steif & Dantzler, 2005). Steif & Dantzler
(2005) and Steif & Hansen (2006) present results from
statistics tests run to ensure that the questions span
a wide range of difficulty, that each question indeed
tests a specific knowledge chunk, that the SCI corre-
lates to some independent measurement of “ability in
statics”, etc.

The statics concept inventory is made available to
instructors of statics and students in their courses upon
request, as a web-based application. The entire con-
cept inventory test can be given to students before and
after instruction to gauge the gains in student perfor-
mance (Steif & Dantzler, 2005).Alternatively, selected
questions can be given to students with the additional
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request of providing written justifications in order to
support the selected correct answer and explain what is
wrong with each of the other four (Newcomer & Steif,
2008). Such a detailed approach makes the students’
thinking visible to the instructor and allows targeted
interventions for specific misconceptions. In addition,
the instructor can invite students to critique answers
given by other students; an in class approach found to
be very useful also by Pantazidou (2009).

A comparison of the two pieces of work reviewed
in this stop shows that they diverge in their underlying
theoretical underpinnings. Pantazidou (2009) investi-
gated students’ understanding of soil structure in the
tradition followed by Bowden et al. (1992) in Stop
VII for physics problems, according to which “each
phenomenon, concept or principle can be understood
in a limited number of qualitatively different ways”.
Herein, the research problem lies in formulating suit-
able questions and grouping the answers in suitable
categories of description, which are not predetermined
but they are an outcome of the research itself. Steif
(2004), on the other hand, based his work partly on the
task decomposition ideas presented in Stop V, which
seem necessary for the development of a comprehen-
sive concept inventory. Student errors were associated
to these pre-determined concepts, in an iterative fash-
ion. At the same time, the two pieces of work reviewed
in this stop share one important methodological ele-
ment, i.e. their data-gathering approach: they were
both based on what students believe about engineer-
ing concepts or do when engaged in engineering tasks
(recall that this is the work carried out in Stage 2 of the
instructional frameworks reviewed in StopVI). Hence,
it is hoped that they may serve as examples to other
engineering instructors interested in finding ways to
learn from their own students about how students
themselves learn.

3 IMPRESSIONS FROM THE TOUR

3.1 Impressions from the touring process

Overall impressions of the tour were that it provided
an engaging and creative framework within which to
merge education and engineering topics. As conceived
and presented, it required the tourist to accept that
it was a tour of a set of relatively mature and thus
“static” sites. This may be a vestige resulting from the
fact that tours are often given of “historical” sites. The
reality is that universities (and indeed all educational
institutions and the methods and approaches they use)
may be at one of the most “dynamic” periods in their
history and so a tourist who is open to change may
be more challenged to be accepting of the currently
included sites only. Possible approaches to address-
ing this challenge could be either to add an additional
site or two that discusses how the role of both informa-
tion maturity (e.g. content) as well as delivery maturity
(e.g. content consumption) is changing, or to embed
additional comments and references in each of the

existing sites that describe how that particular factor
or consideration may be forced to change with time.

3.2 Impressions related to university education &
geotechnical instruction

Stop I, educational philosophy, resulted in a very clear
stance in favor of also considering other approaches
such as the “teach by questioning” mode, a variation
of the Socratic approach, minus its slightly conde-
scending overtone. It starts from a question asked by
a student, who is then guided through a series of inter-
mediate questions to come full circle and answer the
initial question themself.

Likewise, the questions from Stop II reaffirmed a
strong belief in active student involvement in learning.
The prompt on the possible distinction between every-
day and university learning identified memorization
as an undesirable characteristic that makes university
learning different. The prompt for differences between
education levels resulted in the answer “both (in degree
and in kind)” by the authors of this paper. The “differ-
ence in degree” belief places emphasis on increasing
responsibility placed on the students for their own
learning as they advance, with the instructor offer-
ing at early stages support and later encouragement
when students falter. The “difference in kind” belief
(or wish!) allows for the possibility of adding new,
emergent cognitive skills at advanced education stages
(e.g. PhD studies).

Comments on material in Stop III reflected a tacit
acceptance of the cognitive stages identified by Perry
(1981), judging from the comment that the educational
system is to a large extent responsible for students
not progressing much beyond the dualistic right-wrong
stage, if they are routinely rewarded for recalling the
correct information at earlier stages of their education.
This realization, when true (often), creates an obli-
gation and an opportunity for the university to break
from this tradition from day 1 and match instruction
techniques and performance outcomes to the different
stages of cognitive growth.The practice of engineering
is characterized by uncertainty and relativistic ele-
ments in undertakings such as modeling or design.
Notions of students on uncertainty and relativism are
in the heart of Perry’s (1981) scheme. Geotechnical
engineers in particular, revere judgement as a means
of coping with uncertainty and open-ended problems
(Peck, 1991). The more mature epistemological posi-
tions of Perry’s scheme have the potential to guide
explicit instruction on horizontal skills, such as mod-
eling, as well as on the constituent components of
geotechnical judgement.As a more modest and generic
goal, engineering programs may aim to produce grad-
uates at the mature end of Perry’s scheme, ready to
handle responsibilities (e.g. decision making) of a
technical nature in practice.

Bloom’s taxonomy was identified as a suit-
able intersection point for engineering and educa-
tion. In order to make educational methods more
approachable to engineers, it was suggested to draw
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analogies to engineering methodologies that follow
the same pattern. The method proposed by Leonards
(Leonards & Frost, 1992) for investigating failures,
independently of Bloom’s taxonomy, provides an
example of a step-wise procedure involving compa-
rable steps of increasing complexity. The short intro-
duction to learning styles was, as intended, able to draw
a critique on how we go about deciding what is worth
measuring. The tour guide includes a figure adapted
from Sharp et al. (1997), which shows the distribution
of a group of students in the four quadrants of the Kolb
learning style graph, defined by two axes that mea-
sure preferences for information perception (abstract
vs concrete) and information processing (reflecting vs
experimenting). Noting that both measures have ele-
ments of passive vs active involvement, it was argued
that it would be more helpful to have as alternative axes
“level of involvement” and “type of input” (qualitative
vs quantitative).

The metacognitive aspects of learning of Stop
IV prompted thoughts on the common assessment
methods, such as homework, quizzes and exams,
most of which involve delayed feedback. These tra-
ditional methods were contrasted with direct feed-
back loops made possible by flashcards used in
class (Mazur, 1997) or, more recently, clickers
(http://net.educause.edu/ir/ library/pdf /ELI7002.pdf).
This immediate feedback may also be useful for stu-
dents in that it can help address the “unskilled and
unaware of it” syndrome (Kruger & Dunning, 1999).

The focus of Stop V on knowledge decomposition
in chunks was received with apprehension. The reality
is that most things are continuous and the only reason
they get broken down into “fragments” is to simplify
the presentation of them. Unfortunately, all too often,
instructors become focused on the fragmented nature
of the material and fail to reinforce that the fragmented
descriptions are for illustrative purposes and the true
nature of the material is still continuous. A perfect
example is the description of learners in five levels
of skill – this is a convenience for describing learners
but it imposes artificial discrepancies on how individ-
uals are perceived. Further, since only a partial set of
factors is often included in assessing learning skills,
it was judged as even more disappointing to divide
people into artificial categories.

The methods of identifying student misconcep-
tions and specifically the examples given in Stop VIII
received a strong critique. A concern was expressed
that students are, whether by omission or commis-
sion, led to provide the wrong answers, instead of
being guided to discover for themselves the correct
ones. This is a valid concern: the issue of whether
and when identified errors may be artifacts of ques-
tioning methods will be addressed in subsequent ver-
sions of the guide. For the clay/sand question, the
response is clearly impacted by one “sensor” – the
optical system – without the advantage of any sen-
sor augmentation. The human eye has the ability to
discern individual sand particles however it cannot
discern clay particles. If, however, the students were

provided a scanning electron microscope (SEM) photo
of clay particles (augmented optical image), many
might respond differently to the posed question.

An example of addressing this need for guidance is
given herein for the concept of geotechnical interfaces.
The example illustrates how multiple sensory systems
and “teach by questioning” can be combined to assist
in unpacking students’ understanding of engineering
concepts. In introducing the topic of geotechnical
interfaces to students, the following approach is used.
The students are first asked to describe the roughness
of the surface of the desk they are sitting at. Students
typically look at the desk surface for a few seconds and
while a small percentage respond “smooth” most even-
tually extend their index finger, place it on the surface
of the desk and move it back and forward a few times
before responding “smooth”. Those who respond after
only looking have limited their study to using one sen-
sor only, the optical sensor, while those who use their
index finger are adding a second tactile sensor. Obvi-
ously they are using their index finger as a stylus, albeit
with a tip diameter of about half a centimeter. While
they typically provide the same response due to the
low resolution of the stylus they have used, they have
nonetheless used two sensors and fused the sensor out-
puts before responding. While it doesn’t change their
response, it does show recognition of the importance
of acquiring as much information as possible before
responding. At this stage, the instructor asks that the
students consider shrinking themselves down to the
size of a clay particle and then answering the same
question. While most go through the exercise of look-
ing and touching the surface again, a high percentage
of their responses now range from “quite rough” to
“very rough”. In other words, by simply asking the
students to consider scale, they immediately recognize
that their response needs to be given in relative terms.
By considering themselves at the scale of clay parti-
cles, they are in effecting “augmenting” their optical
and tactile sensor systems. Identification of the impor-
tance of scale frames the recognition to undertake all
subsequent discussion of interfaces within the context
of relative rather than absolute roughness.

4 DIRECTIONS OF FUTURE WORK

4.1 Within the education community

It was already mentioned that the tour material was
developed by a civil engineer by training, introduced
to education mainly by self-study, i.e. a “non-native of
education”. While this dual background offers the pos-
sible advantage of relating to the potential engineering
tourists, it cannot offer the depth of perspective of
an education specialist. Hence, future work includes
soliciting reviews by two experts, one from some
subfield of education, i.e. cognitive psychology, and
one expert from engineering education with a com-
bined engineering research and teaching background.
Comments will be solicited on the taxonomy used for
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the tour topics, the contents of the tour guide and the
recommended references. Requests will be made for
suggestions of alternative maps, which will ultimately
allow engineering instructors to choose among tours
and pursue different interests. Feedback received from
the education expert will be used to balance any poten-
tial oversimplifications, while the feedback from the
engineering education expert will help with making
the tour meaningful to engineering instructors from
different disciplines, by varying the applications spe-
cific to particular thematic subfields of engineering in
Stop VIII.

4.2 Within the engineering community

Once the review of the education experts and the
respective changes are implemented, civil engineering
instructors will be invited to take the modified tour.
The aim will be for both authors to attract at least two
colleagues willing to offer comments on the usefulness
of the tour, one following the tour in a self-guided
mode, the other with participation, when called for,
by their host author/guide.

5 CONCLUDING REMARKS

This paper is based on the premise that suitable points
of entry into the literature of education are needed
for engineering instructors. As a potential entry point,
the paper proposed a tour of education in eight stops,
which can work either in a self-guided or in an
interactive mode. The experience of the first pilot
tour had the following positive results. It reaffirmed
existing beliefs and backed them with references. In
addition, it pointed to the nearest existing crossing
points between education and geotechnics.At the same
time, it highlighted the need to recognize that edu-
cational institutions are under significant pressure to
adapt to external factors that are dramatically going to
change how content is delivered and consumed. This
needs to be reflected in future engineering education
developments.

Two needs for further work are identified, on the
part of the engineering education community and on
the part of every disciplinary community, i.e. the
geotechnical engineering community in the case of
the authors:

• The community of engineering education
researchers should focus efforts on producing mate-
rial missing from a comprehensive tour in Stops I,
II and VIII. Work needed includes:
(a) surveying educational philosophies and episte-

mological beliefs of engineering instructors and
producing research results related more closely
to disciplinary subject matter and

(b) shifting the focus from instructional approaches
to students’ understanding of key concepts.

• The community of geotechnical engineering
instructors should restate key questions related to
the design of geotechnical engineering curricula

and produce answers in a manner that both questions
and answers are informed by findings from the edu-
cation literature. In addition, the community should
pursue collaborations with engineering education
researchers in research projects targeting student
understanding of key concepts in geotechnics.
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