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Abstract—Assessment in the context of education is the process
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of characterizing what a student knows. The reasons to perform ivonves includes reates
assessment are quite varied, ranging from a need to informally un- .msm Ergineorme ™ ncuces
derstand student learning progress in a course to a need to char- ~

acterize student expertise in a subject. Finding an appropriate as-

sessment tool is a central challenge in designing an assessment ap- '”"s‘“ Analysts P @

involves needs

proach. The focus of this paper is on the use of concept maps for
both course-level and program-level assessment in engineering ed- invotes DasD/ Communication

ucation. Concept maps, which are node and arc representations of inclades™
the relationships among concepts, provide one means to represent /
/

B

student knowledge. This paper presents background on concept
maps and describes uses of concept maps at both the course and
program level.
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. INTRODUCTION

SSESSMENT in the context of education refers to thig. 1. Concept map for engineering.

process of characterizing what a student knows [1]. The
reasons to perform assessment are quite varied. At the cougyé€l. The aim is to illustrate the flexibility of concept maps in
level, the goal may be to explore what students are learningStPporting assessment in engineering courses and programs.
to assign a grade. At the program level, the goal may be to ex-
plore students’ conceptions of an overarching topic or to verify Il. CONCEPTMAPS

student mastery of a knowledge domain. A concept map is a graphical node-arc representation of the
~ Finding an appropriate assessment tool is a central challenggtionships among a collection of concepts [5]. Fig. 1 repre-
in designing an assessment approach [2], [3]. The difficul§ents an example concept map showing 18 important concepts in
arises because of the diversity of learning objectives [4], the @ingineering and some relationships among these concepts. The
versity in what counts as evidence of learning [1], the diversifypdes of the map contain the concepts, such as experimentation,
of tools available [2], the varying resources available, and thgsearch, and modeling. The links between the nodes capture the
varying assessment contexts. relationships among concepts. The labeling of the links provides
One way to address these various assessment goals and ¢h@rmation about the nature of the relationships. For example,

lenges is through the use of concept maps, which are node #skling allows the creation of propositions such as “research is
arc representations of the relationships among concepts. CRilated to science” and “science creates theory.”

cept maps represent a valuable assessment tool because thgyerest in concept maps stems from their relationship to
provide a means to capture and represent student knowledge@,@%ory and learning theory. A prominent element of semantic
are particularly effective for representing the organization thﬁ{emory theory is that of associative networks of knowledge
students see among concepts. This paper presents backgrcrg]dehe central premise is that knowledge is stored in a
on concept maps and then describes six uses of concept Maifvork format where concepts are connected to each other.
for assessment, three at the course level and three at the progra@ more tightly interconnected the knowledge representation,
the more likely it is that a person will recall information at the
Manuscript received August 1, 1999; revised November 25, 1999. This wagippropriate time. From the learning perspective, Ausebelian
was supported by the National Science Foundation under Grants NSF9714I‘t53rning theory (or more generally, constructivist learning

ﬁ”s‘iit'jf‘jo??gcﬁf;ﬁg“j 8 and by the School of Industrial Engineering, Geor?h"‘eory) posits that a learner attains new knowledge through a
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used to describe concept maps including semantic netwovidsether individual scoring dimensions should be combined into
(e.g., [8]) and knowledge maps (e.g., [9]). a single overall metric or treated as a vector of individual scores
Concept maps have been used for a variety of educatiof2®]. They found scores on many of the dimensions to be inde-
purposes [10], [11]. Researchers have used concept mappersdent and thus more powerful when treated as a set of indi-
a means for displaying and communicating information (e.gzidual scores rather than combined quantitatively into a single
[12]-[14]) and as a tool to support the design of instructionalerall metric.
materials [15]. Others have focused on concept map construcA strength of the student-generated concepts approach is that
tion as an instructional activity [16]-[19]. Still others focus oremphasis is placed on understanding how a specific student un-
the role of concept maps in assessment. derstands a particular domain. The approach can capture indi-
Using concept maps as part of an assessment approachvigual differences as either concepts or links that are or are not
quires consideration of two issues: 1) how the maps will bacluded. However, while the concept maps resulting from this
constructed and 2) how they will be interpreted. Perspectivapproach can be insightful, they can also be large, complicated,
on addressing these two related issues have resulted in twoad difficult to interpret. It can be difficult to provide a final

proaches. More detail on these approaches follows. judgment about a student’s knowledge.
Another concept map assessment approach provides a
A. Approach 1: Student Generated Concepts remedy to this. The assessment involves a quantitative compar-

In this approach, the maps represent the collection of concels@ between two concept maps—the student’s map and the
and propositions a student identifies as related to a main togpert's map.
Concept maps are constructed either directly by the learner or
indirectly by a researcher based on concepts and relationsipsApproach 2: Externally Generated Concepts
described by the learner during interviews.

The interpretation of the map can involve both quantitativ,
scoring and qualitative judgments on the appropriateness of
links. The interpretation involves scoring the map along a vi

In this approach, a student’'s knowledge about the relation-
ips among a set pfedefinecconcepts is captured in a concept
sp. In some studies, students directly construct the map; in
. . ; thers, the map is created based on the mathematical Pathfinder
riety of d|mgn3|ons such as 1) the numper of concepts, 2) t orithm using student judgments of the relatedness of pairs of
number of links, 3) the number of cross links, 4) the number(a ncepts [13].

h!erarchy levels, and 5) the numpgr of examples. These scorin nterpretation of the map is based on the premise that learning
dimensions represent characteristic features of knowledge SHER domain is a process of acquiring the expert-like organiza-
as breadth, dept_h, and qonqectedness. The dlmen_smns _also ﬁmf a set of domain relevant concepts. Research on semantic
fromth(_a theor(_at|cal motlvatlons_forconceptrn_aps!ncludw_lg ! emory, specifically associative theories of memory, indicates
theoretical notions of subsumption, progressive dlfferent|at|0{|1Tat experts have a specific type of organization of concepts.

and integrative reco_nciliati_on [7]. In addition to sc.oring concept llowing from this result, the interpretation of a map is per-
maps along these dimensions, the maps can be inspected fo%%r%ed by determining the similarity between a student’s map

expert or referent source.
Novak and Gowin were early users of concept maps |
In the late 1970’s, they were interested in demonstrating t

young science students could understand complex scient Yal similarity metrics and identifying the ones that led to the

c_oncepts. To this end, they collected many hours of 'nteﬂiést results [24]. In this approach, the labels of links are typi-
view data from students and wanted to represent the studggﬁy ignored

undg(rjstgndmg pres;anrt] n thethlnterwewi. Thfh co?cgpttma xamples of this use of concept maps in assessment exist in
provided a means of Showing the connections the students domains of statistics [25], aviation [26], global atmospheric

:nade amogg th; copcepts bimg stuQ|ed. T|h|s |n.|t|al \.Nozkdl.%ﬂange [27], and teacher knowledge [28]. Some of this work is
0 Over a decade of research on science learning, INCIUdiGy;, a0 by a desire to understand what the subjects do and do

represent key knowledge in a textbook. The measure of sim-
arity between the two maps is an assessment of the student’s
owledge. Goldsmith explored this issue by comparing sev-

include the work by Beyerbach where researchers had studﬁm
teachers iteratively create a concept map of the topic “effecti e
teaching” n order to understand.the teacher’s final p.erspect foach by comparing concept map results with results of other
on the topic as well as the evolution of their per.specnve [21].accepted assessment methodologies [29].

Recent research on concept maps created with student-gener-
ated concepts has focused on determining the validity of conce
maps as an assessment tool. One validation study focuse
demonstrating that concept map scores show an increase aft@the previous discussion focused on an abstract description
instruction [22]. This study found that concept map scores capf-concept maps as assessment tools. This description suggests
tured effects of instruction even when standardized tests did nbiat concept maps can be a valuable assessment tool. The goal
Another study explored the dependence of the different dimeof-this paper is to demonstrate that concept maps can be a valu-
sions used to characterize a single map in order to determai®e tool for addressing assessment issues arising in engineering

gteacher pedagogical and domain knowledge in biology and
ography [28]. Other work has focused on validating this ap-

t . . . .
OnUses in Engineering Education
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Fig. 2. Initial human factors concept map.

education. The remainder of this paper focuses on uses of clamy and interconnections among the terms. Specifically, con-
cept maps to address specific assessment scenarios arisingept maps were used during the first week of the term to as-
engineering education. Specifically, this paper provides six esess incoming knowledge and then again during the ninth week
amples of concept map use to address assessment needs in eftfie term to monitor the effectiveness of the instruction. At

neering education—three that address course-level assessraaah point, students were told to form impromptu teams of four.

and three that address program-level assessment. The students were to individually think of concepts. The group
then created a map, adding additional concepts as necessary.
IIl. CONCEPTMAPS FORCOURSEL EVEL ASSESSMENT The maps were interpreted informally during class. This use of

concept maps for assessment is consistent with Approach 1 de-

Course-level assessment refers to assessment of the knowifg - previously. Figs. 2 and 3 provide examples of the con-
and learning associated with specific courses. The purpo%%t maps that resulted from this activity.

of such assessment include quickly gauging students’ under_,q map in Fig. 2 is an example of an initial concept map. It

standing, assigning a grade, or exploring what students perc&jeqnstrates that the students have a prior understanding about

themselves to be learning. human factors. Specifically, the map suggests that the students
) ) ~can identify the contexts of human factors work and general di-
A. Classroom Assessment: Quickly Gauging Understandingmensions of a human factors analysis such as strength limita-
Concept map construction and interpretation can be usediggs and safety. A survey of all the maps produced in the class
a form of classroom assessment. The goal of classroom assegggests that the students, as a class, bring an awareness of a
ment is to quickly explore what students are understanding atatiety of human factors concepts. This suggests that while the
particular moment [3]. students may not have extensive prior knowledge as individuals,
The use of concept maps in a semester-long introductd@y a class they have an extensive body of knowledge.
human factors course at the University of Pittsburgh illustratesAt the same time, the initial maps show significant room
how concept maps can be used for classroom assessmentforgnprovement. The maps are almost exclusively hierarchical
an engineering subject, “human factors” refers to the boaith no cross-links. This suggests that even among the concepts
of knowledge used to understand issues and make decisithrgsstudents bring into the course, there may not be awareness of
concerning a human’s role in a socio-technical system. Tyimerconnections. Further, terminology in the maps is limited al-
ically, students enter a human factors class with some levebst exclusively to everyday language rather than sophisticated,
of prior understanding of the subject matter based on th€ipmain-relevant terminology. For example, students may intro-
experience with existing technologies. The tedmsnanand duce memory issues but not include concepts such as working
factor are readily understood, and this adds to a studenti®mory, long-term memory, or memory limitations.
prior understanding of the field. A course in human factors Fig. 3 is an example of a map generated nine weeks into the
typically introduces students to new concepts and theories stiefm. It is illustrative of the types of maps generated across the
as physiology, memory theory, and reaction time laws. As suclass. In general, these maps include more concepts and more
a course progresses, students are expected to develop a riidke. The appearance of cross-links in the maps suggests that
theoretically sophisticated vocabulary. In addition, studeriise students are starting to see interconnections. Moreover, the
are expected to develop a more complex understanding of theps contain much more sophisticated domain-relevant termi-
interconnections among the concepts. nology distributed across an increased number of levels of de-
Concept maps were used as a classroom assessment totdiin
order to explore the incoming conceptions and to verify progressThese features of the maps confirm that students are indeed
in the development of both technically sophisticated vocabmaking progress in developing an integrated understanding of
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Fig. 3. Midterm human factors concept map.

human factors. At the same time, some features of the mapmmsparencies and the students discuss them. Finally, the maps
suggest additional room for improvement. With the expansi@an provide guidance on where students need additional instruc-
of the number of concepts, some of the maps (including the ofi@n.

in Fig. 3) had come to contain between eight and ten concepts

connected directly to the central concept of “human factord3. Grading Motivated Assessment: Concept Maps as a Final
An important next step in understanding might be for studerftxam

to explore the relationships among these concepts at the highegtoncept map construction used as the basis for a graded final
level. The goal would be to see if there are ways to further agxamination emphasizes and rewards the identification of con-
ganize these concepts into a smaller number of categories ¢gits and the identification of hierarchical and cross connections
might be interjected into the concept map between the main ctretween concepts. Such an emphasis may be particularly appro-
cept of human factors and these more specific concepts.  priate in an introductory class where the intention is for students
These examples illustrate many of the strengths of the use@fcquire an overarching understanding of the subject matter. In
concept maps for classroom assessment. Because concept rea@s cases, concept map construction is appropriate for a final
are easy to explain to students, the training and the constructexam because the map can be constructed to represent and inte-
of the maps can occur at the same time. Concept maps can igpte topics from the entire term.
resent any amount of knowledge that students want to represenThe human factors course described in the previous example
Concept map construction can play a role in helping students $gan instance of an introductory course and is a context where
what they bring to the class. It can also help students make capncept map construction has been used for a final exam. Such
nections between class concepts and prior concepts. These naap#troductory course in human factors is often the extent
can reinforce knowledge integration goals by providing studerdé human factors treatment in an engineering curriculum.
with an activity that promotes this goal. Also, by taking clas#/hile some students may take follow-up courses in physiology,
time to promote integration, the instructor can emphasize thimmechanics, cognitive science, or other related subject matter,
importance of integration. Concept maps can be used to promotany other students may spend the rest of their professional
discussion, particularly when the maps are placed onto overhdiads relying on the foundational knowledge they acquire in the
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introductory course. Thus, using concept map constructionthst the student sees safety as a critical component of human
a final exam is a way to promote student development of &actors.

overarching subject-matter understanding. The map in Fig. 4 also stands out because of the creativity and

Below is the concept map final exam assignment given uman factors theory embedded in its design. This creativity is
students during one semester. During that semester, the c@mbodied in the imagery that the student uses to help to com-
cept map final exam was one of several assessment meghanicate the meaning. For example, the concept “allocate func-
nisms. These other learning and assessment mechanismstida” is connected to the concepts of “human” and “machine.”
cluding laboratory work and a design project, encouraged a dgtachine” is shown in a precisely drawn rectangle suggestive
tailed focus on specific class topics. The use of concept majfsthe precise ways in which machines execute instructions.
provided a means to complement these other assessment oppiman,” however, is drawn in an ill-defined oblong shape sug-
tunities and to emphasize the diversity of concepts relatedgestive of the flexibility with which humans can adapt to dif-
human factors and the interconnectedness of these conceptserent situations.

The objective of creating the concept map is to evaluate While it is not obvious in the black-and-white reproduction,
your overall understanding of the topic of Human Factors. color was used in the original. All topics related to workplace
I would like you to construct a concept map that represents design (upper right corner of the map) were shown in green
your perception of the most important concepts discussedwhile topics related to information input and output (upper left
for each general topic we covered in class, and how thesecorner of the map) were shown in blue. Overall, the student used
concepts are linked together. eight colors to facilitate the interpretation of the map. In addi-
Please see the previous handout for examples of contion, the term “color” in color coding (connected to “displays,”
cept maps. They do not need to be generated on the comwhich in turn was connected to “human factors”) was written
puter—they may be hand-written, as long as they are neatwith each letter in a different color.
and easy to read. If you would like, you can also hand in  Overall, the set of submitted maps was quite diverse. Of the
a couple of paragraphs to guide my reading of the conceptsix dimensions used to grade the map, three were particularly
map. useful in differentiating the students—the comprehensiveness
Please turn them in to me by the time of our final, which Of human factors concepts, the level of detail, and the com-
is Wednesday, December 11 at 10:00 am. You may also turrPlexity of the links. Fig. 5 shows the distribution of the scores
them in any time before this date. as assigned to the 38 students enrolled in the class. The distri-
The students receiving this assignment had previously cdMition of scores assigned for concept comprehensiveness shows
structed concept maps as a classroom assessment activity; tHBRSt Of the students receiving high ratings. This suggests that by
fore no additional concept map training was required. The stifie end of the course, the students as a whole seemed aware of
dents worked individually and created the maps via a variety G¥e concepts that they had learned. The distribution of scores for
means ranging from paper and pencil to computer-aided des;aﬁ level of detail shows more students receiving middle-level

cluding: to describe concepts at various levels of detail. Finally, the distri-

bution of scores for link complexity shows the greatest variation.
'ﬁhis suggests that a key to distinguishing among the students
who learned a lot and those who were less successful may be

number of hierarchical levels); - : . .
. . the ability to see complex connections among the various topics
* the complexity of the links. 4
covered in the class.

To complete the grading, each of the dimensions was scored Ofhjg experience suggests how concept map construction can
a scale from zero to five. The dimensions were not weighteg, 5 \iaple alternative to a traditional final exam. Using the
equally. _ o grading procedure previously described, the amount of time to
The maps submitted by the students were quite diverse. SOjigde the maps was comparable to the time to grade a traditional
of these maps resembled the maps created by students duringih@, The students seemed to readily understand the task, even
Week 9 classroom assessment activity described in the previgyfey were not all equally enthusiastic about doing it. Finally,

section. Such maps received low scores on the comprehensiyg-gimensions used to assign grades resulted in a distribution
ness, level of detail, and complexity scoring dimensions. of grades consistent with expectations.

Fig. 4 represents a map receiving a high grade. The map
clearly shows a large number of concepts, a large humber of
connections between concepts (links), and an extensive higr- An Exploratory Tool: Characterizing Learning in a Novel
archy among the concepts showing that the student can diff€lass Format
entiate among the levels of detail in describing the elements
of the course. The presence of a large number of meaningfulAnother area in which concept maps can be used is in an ex-
cross links contributed to a high rating for link complexity. Th@loratory assessment of what students perceive themselves to
cross links appear primarily within clusters of concepts in thee learning in a course, apart from the stated and/or implicit ex-
mid levels and lower levels of the map. However, there are alpectations. This type of information is particularly important for
cross-links at higher levels. For example, safety is depicted aslasses with novel formats and ill defined learning objectives,
concept connecting to all other first level concepts, suggestiagch as product dissection courses and undergraduate research

 the comprehensiveness of the included concepts;
« the level of detail in the map (operationalized throug
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Fig. 4. Human factors concept map submitted for exam.

experiences. Knowing what students are actually learning is ifior refining instructional strategies, for identifying appropriate

portant for judging the appropriateness of existing learning ohssessment tools, and for understanding how the learning objec-

jectives or deciding how to modify instruction.

tives are being realized by the students.

Concept maps provide a means to explore what students ar€oncept maps are currently being used to explore student
actually learning. The concept map construction process pfearning in a sophomore-level product dissection course at the
vides an open-ended means for students to communicate whaiversity of Washington. As part of an exploration of what stu-

they see as important concepts and their perceptions of the relants are actually learning in this course, students were asked
tionships among these concepts. The results of the analysetoafonstruct concept maps on the general topic of product dis-
the data can have implications for refining learning objectivesection. The analysis of the data is currently under way. Initial
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Fig. 5. Distribution of scores along three dimensions of concept map grading.
Experience

Obseryations a_re that StUdemS_ are learning about _a widgr Vaj”lQ&Y& Similarity of population groups (based on experience) to the expert.
of topics than is represented in the current learning objectives

but also that students are having difficulty organizing thesecon- = . istics imoll thi includi bilit
cepts in a meaningful and integrated manner. These results éﬂﬂ-t'se In statistics implies many things, including an ability

gest that the instructional activities are successful in helping sfg-cary out s_tat|§t|cal pro_cedures and an ab|I|t_y to m_odel real-

dents see a large picture of engineering. At the same time, # rld scenarios In statistical language. One dlmgn3|on of sta-
results suggest that the instructors may need to consider ptll Hcs expert|se.|s_the presence of.an upderstandmg of the key
viding the students with more support in understanding how feements of statistics and their relationships. For example, an ex-

integrate these diverse topics in order to make sense of thenPert may see variability as a pivotal concept in statistics, while
a novice may perceive the concept as being peripheral.

The procedure for the assessment followed Approach 2 de-
scribed earlier (external generation of concepts). First, a faculty

The previous examples illustrate uses of concept mapember in the statistics division of the industrial engineering
for addressing course-level assessment issues—monitordegpartment (hereafter known as the expert) was asked to iden-
progress, assigning grades, and exploring students’ perceptitifysa set of 25 statistics concepts associated with differing levels
of learning in a course. However, there is another level of statistics knowledge. Next, concept maps were generated for
assessment that engineering schools must address—assesgimestudents and the expert based on ratings of relatedness be-
at the program level. Program-level assessment refers ti@en pairs of these concepts. The interpretation of the students’
assessment directed at understanding the overall knowledgenaips was based on the similarity of the generated concept map
a group of students. The following sections demonstrate hawthe expert's concept map. To facilitate the collection of sub-
concept maps have been used to explore three program-lgeet data, a Web-based tool was designed specifically to com-
assessment issues—characterizing a student’s level of expdete this type of concept map assessment [29].
tise in a domain, identifying what students know about their Eighteen student subjects participated in the study. These sub-
discipline, and exploring students’ conceptions of engineeringcts were representative of four populations defined by level of

prior statistics instruction, including 1) no previous experience,

A. Assessing Overall Domain Expertise: An Example in ~ 2) completion of undergraduate Statistics I, 3) completion of
Statistics undergraduate Statistics I, and 4) advanced instruction at the

There are instances where it is important to assess a studef@Ster's level. The graph in Fig. 6 represents the average simi-
general level of expertise in a subject area apart from specifi€ity of students to the expert within each of these populations.
classes. For example, one might be interested in characterizl{lf factor of experience was significant in explaining the dif-
expertise in a domain, such as statistics, or a skill, such as ffences among similarity valugs < 0.0001). This result val-
sign or modeling. This type of assessment is useful in a ranig@tes the similarity measure as a means of capturing overall
of situations, from verifying that students have the prerequisf&Pertise in statistics. The pilot study demonstrated the feasi-
knowledge required to enter a class to determining if studef?dty Of completing this form of concept map assessment with
have achieved the ABET-mandated learning outcomes necgdVeb-based tool.

sary to graduate from their engineering program. Concept map

assessment can be used to characterize expertise for thesefpufxPloring Students’ Conceptions of Their Discipline: What
poses. Is Industrial Engineering?

At the Georgia Institute of Technology, concept map assessAt the program level, it is important not only to quantitatively
ment has been used to characterize the level of statistics exeisess expertise in a domain but also to explore students’ under-
tise of students in the industrial engineering department. Estanding of broad topics that encompass several elements of the

IV. CONCEPTMAPS FORPROGRAM-LEVEL ASSESSMENT
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Fig. 7. Schematic representations of concept map structure in industrial engineering.

engineering curriculum and/or extend beyond the engineeringThe maps submitted by the students also differ in the content
curriculum. For example, one may be interested in studentspresented by the concepts. Some student teams included
conceptions of their discipline, such as their conceptions of iprimarily course labels, such as IE 342. In one such map,
dustrial engineering or civil engineering. Concept maps may kdich includes course labels and titles exclusively, the students
an appropriate tool for exploring such an issue because th@émonstrated an understanding of the building up of the
open-endedness will not constrain student responses, theyangiculum by differentiating courses more central to industrial
capable of capturing divergent issues, and they are capablenfineering, such as a course on manufacturing design and a
representing unique elements that students see as importantourse on quality control, from courses focused on underlying
At the University of Washington, concept maps have beeawontributing knowledge, such as a course on statistics.
used to explore students’ conceptions of industrial engineeringOther teams went beyond course elements to identify and
In the spring of 1999, students enrolled in a capstone desigitegrate concepts that are more implicit in the curriculum. For
course constructed concept maps of industrial engineering. Téxample, one map, an interconnected hierarchy map whose
activity was framed as an opportunity to create a tool for usentral concept was “practical applications in engineering,” has
during their senior design experience. The students workedaranch entitled “How to think like an engineer.” The students
teams to construct concept maps. The nine teams producedha created the map related the concept of “thinking like an
total of nine maps. engineer” to concepts that cut across many classes including
Insight can be gained by exploring both the structure arithodeling,” “creativity,” and “being flexible with changing
the content of the maps. The maps submitted by the studeidtsas.”
have quite different structures. Fig. 7 suggests three prototyp-These results suggest the different ways in which students are
ical structures that collectively capture the general structuresmfilding an understanding of their discipline. The results also
the nine submitted maps—strict hierarchy, interconnected higuiggest that one of the potential areas for facilitation includes
archy, and decentralized. Maps organized according to a sthielping students identify the abstract concepts present in many
hierarchy have a central concept with all other concepts radlasses and helping them identify connections among topics in-
ating from the central concept in a strictly hierarchical mannesiuded both explicitly and implicitly in the curriculum.
Other maps can be described as an interconnected hierarchy.
Such maps have an overall h|erarch|gal structure with a clq?_r Exploring Students’ Conceptions of Their Profession: What
central concept but also have cross-links between Conceptisaéngineerinw
various levels of the hierarchy and in various branches of the hi- '
erarchy. These cross-links represent an integration of conceptslhe results of research in professions other than engineering
The remaining maps are best described as decentralized. Treeggyest that it is important to understand how students view
maps contain no clear central concept, making them difficult tbeir profession in general because their professional practice
interpret. However, they also contain a set of highly intercolepends on their conceptions of the profession. For example,
nected concepts. what do students see as the role of ethics in engineering? What
In comparing these structures, the two types of hierarchids students see as the relationship between science and engi-
seem easier to interpret because the creators clearly depictrteering? How do students understand science?
focus of the map via the central concept. The central concepts irAt the Center for Engineering Learning and Teaching at the
the hierarchical maps include the following: “successful in s&niversity of Washington, the overarching issue of students’
nior design,” “practical applications in engineering,” “effectiveconceptions of engineering is being explored through two
IE group,” and “how to become a successful IE.” Concernintigsks—an open-ended Approach 1 concept mapping task
the level of interconnectivity, the decentralized network and tled a constrained Approach 2 concept mapping task. In the
interconnected hierarchy suggest a more expert-like represefiitat approach, students are asked to construct concept maps
tion because of the interconnections seen among the concemif.engineering. The resulting concept maps are analyzed by
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looking for the presence or absence of concepts (e.g., ethicsp] J. M. Royer, C. A. Cisero, and M. S. Carlo, “Techniques and proce-

and relationships (e.g., science and engineering). In the second

dures for assessing cognitive skill®ev. Educ. Resvol. 63, no. 2, pp.
201-243, 1993.

approach, students are asked to construct a concept map Wif3; 1. A. Angelo and K. P. Croslassroom Assessment TechniqueSan

a constrained set of 18 concepts critical to engineering. These
concepts are shown in Fig. 1. These concept maps will b

Francisco, CA: Jossey-Bass, 1993.

e[4] B. S. Bloom, Taxonomy of Educational Objectives: Book 1 Cognitive

Domain White Plains, NY: Longman, 1956.

analyzed by comparing them to a concept map constructed bys) J. D. Novak and D. N. Gowirl,earning How to LearnCambridge, U.K..

an expert. To date, 39 civil engineering seniors have completed

the second task, and 110 pre-engineering freshmen have con@ A. Collins and E. E. Smith, EdsReadings in Cognitive Science: A Per-

pleted the first task. Assessing students’ high-level conceptions

Cambridge Univ. Press, 1984.

spective from Psychology and Artificial IntelligenceSan Mateo, CA:
Morgan Kaufmann, 1988.

of engineering in these two ways has the potential to becomd?] D: P. AusebelThe Psychology of Meaningful Verbal LearningNew

York: Grune and Stratton, 1963.

an important part of understanding students’ development intog) km. Fisher, “Semantic networking: The new kid on the block, Res.

professional engineering practitioners.

V. CONCLUDING REMARKS

Sci. Teachingvol. 27, no. 10, pp. 1001-1018, 1990.

[9] H. E. Herlet al, “Reliability and validity of a computer-based knowl-

edge mapping system to measure content understand@myiput.
Human Behavigrvol. 15, no. 3-4, pp. 315-333, 1999.

. . [10] D. H. Jonasseet al., “Concept mapping as cognitive learning and as-
This paper has provided examples of how concept maps can

be used for both course-level assessment and program-level
sessment. These examples have included work already co

sessment toolsJ. Interact. Learn. Resvol. 8, no. 3/4, pp. 289-308,

- 1997.

] J. D. Novak, “Concept mapping: A useful tool for science educatidn,”
Res. Sci. Teachingol. 27, no. 10, pp. 937-949, 1990.

pleted as well as work in progress. These example uses of cof12] R. W. Schvaneveldt, EdPathfinder Associative Networks: Studies in

cept maps clearly demonstrate how concept maps can serv
variety of assessment functions ranging from everyday gradi

M. Willerman and R. A. M. Harg, “The concept map as an advance
organizer,”J. Res. Sci. Teachingol. 28, no. 8, pp. 705711, 1991.

?gg] Knowledge Organizatian Norwood, NJ: Ablex, 1990.
1

to the exploration of high-level student conceptual structures. [14] C. V. Lioyd, “The elaboration of concepts in three biology textbooks:

Clearly, concept maps are not a perfect assessment solution.

Facilitating student learning,J. Res. Sci. Teachingol. 27, no. 10, pp.
1019-1032, 1990.

They can require extensive time to interpret and can still remaifLs] J. w. Cliburn, “Using concept maps to sequence instructional materials,”

ambiguous. Additionally, demonstrating through a concept ma

J. Coll. Sci. Teachingpp. 377-379, Feb. 1986.
W. M. Roth and A. Roychoudhury, “The concept map as a tool for the

. . 16
that students understand the reIatlonshlps among concepts d eé collaborative construction of knowledge: A microanalysis of high school

not guarantee that the student will be able to use the concepts

to support design or other authentic engineering activities.

the same time, concept maps are a flexible tool. They focu
attention on an important aspect of knowing—the relationship
among concepts. Both approaches have been widely studied g

demonstrated as valuable.

A further strength of concept maps is their value beyond their
role in assessment. Researchers have used concept map repre-
sentations to communicate information (e.g., [12]-[14]) and as
tools to support the design of instructional materials [15]. Other
have focused on the construction of concept maps as an instr

tional activity [16]—[19].

In conclusion, concept maps represent an innovative way tsH]
assess, and gain insight, into student learning about the rela-

physics students,J. Res. Sci. Teachingol. 30, no. 5, pp. 503-534,
1993.

17] W. M. Roth, “Student views of collaborative concept mapping: An

emancipatory research projecSti. Educ. vol. 78, no. 1, pp. 1-34,
1994.

C. Van Boxtel, J. Van der Linden, and G. Kanselaar, “Collaborative
construction of conceptual understanding: Interaction processes and
learning outcomes emerging from a concept mapping and a poster
task,”J. Interact. Learn. Resvol. 8, no. 3/4, pp. 341-361, 1997.

W. M. Roth and A. Roychoudhury, “The social construction of scientific
concepts or the concept map as conscription device and tool for social
thinking in high school scienceSci. Educ.vol. 76, no. 5, pp. 531-557,
1992.

20] J. A. Heinze-Fry and J. D. Novak, “Concept mapping brings long-term

movement toward meaningful learningsti. Educ,. vol. 74, no. 4, pp.
461-472, 1990.

B. A. Beyerbach and J. M. Smith, “Using a computerized concept
mapping program to assess preservice teachers’ thinking about effective
teaching,”J. Res. Sci. Teachingol. 27, no. 10, pp. 961-971, 1990.

tionships among concepts. This paper has discussed the cog#@] J. D. Wallace and J. J. Mintzes, “The concept map as a research tool:

tive psychology origins of concept mapping and two approaches

Exploring conceptual change in biologyl” Res. Sci. Teachingol. 27,
no. 10, pp. 1033-1052, 1990.

for conducting assessment with concept maps, and has demaps] K. M. Markham, J. J. Mintzes, and M. G. Jones, “The concept map as

strated how these may be carried out in engineering education.

aresearch and evaluation tool: Further evidence of validityRes. Sci.
Teachingvol. 31, no. 1, pp. 91-101, 1994.

Concept maps should be seen as a valuable component of an 8S; 1. E. Goldsmith and D. M. Davenport, “Assessing structural similarity

sessment toolbox.
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