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ESTIMATING THE RELIABILITY AND VALIDITY OF CONCEPT MAPPING AS A
TOOL TO ASSESS PRIOR KNOWLEDGE

by
Susan Lee Coleman

Thomas Sherman, Chair
Curriculum and Instruction

(ABSTRACT)

An initial activity in the instructional design process is an assessment of learner
characteristics such as prior knowledge. Although this step is important for the
instructional design process, Reiss and Morley (1993) found that only about half of the
practicing instructional technologists they surveyed always performed some kind of
learner analysis. The reasons for not conducting a learner analysis included lack of time
and lack of knowledge about how to do such an analysis.

Concept mapping has been proposed as a convenient tool for assessing learners'
prior knowledge (Jonassen, Beissner, & Yacci, 1993; Novak & Gowin, 1993). It has
been said that a concept mapping procedure can be quickly developed and then
conveniently administered to learners (Jonassen et al., 1993; Novak & Gowin, 1993).
However, there is no evidence supporting the reliability or validity of concept mapping as
a way to measure learners' prior knowledge. The purpose of this research was to
investigate the reliability and validity of concept mapping as a tool to assess learners'
prior knowledge.

Students in a graduate-level statistics class and an undergraduate level engineering
class were administered concept mapping and multiple-choice tests before and after
instruction. The Interrator reliability, internal consistency, content validity, face validity,
concurrent validity, and construct validity of the concept mapping procedure were then

examined.



Overall, the data do not support the reliability and validity of the concept mapping
procedure used in this study. However, the reliability and validity levels achieved by the
concept mapping test were comparable to the multiple-choice test developed by the
classroom instructor. It may be that concept mapping is no less reliable and valid than
other forms of classroom assessments. Nonetheless, the concept mapping procedure used
in this study can not be recommend as a practical measure of students' prior knowledge.
In addition to the poor reliability and validity, the concept mapping procedure is difficult
to learn and the scoring procedure is difficult to use. In the end, the user will have to

weigh the results of this study and judge the adequacy of concept mapping for its intended

purpose.
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CHAPTER 1

Introduction

Ausubel (1968) states, "The most important single factor influencing learning is
what the learner already knows. Ascertain this and teach him accordingly” (p. vi). Many
instructional design models reflect this theory and guide instructional designers to assess
learners before designing instruction. However, current procedures available for
determining what learners already know are not always practical when solving
instructional design problems in the real-world. This study will examine concept
mapping as a procedure to determine learners' prior knowledge. In particular, the validity
and reliability of concept mapping as a measure of learners' prior knowledge will be

investigated.

Assessing prior knowledge for instructional design

A common beginning point in most instructional design models is a target-
audience analysis (Richey, 1986). For example, in the Dick and Carey (1985) model,
instructional designers determine learners' entry-level characteristics during the second
phase of the model. The results of a target-audience analysis provide information
regarding the entry level knowledge, skills, and attitudes of the target audience and are
often applied to instructional decision making (Seels & Glasgow, 1990).

There are many learner characteristics that may be appropriate to assess before
instruction. Prior knowledge, motivation to learn, anxiety about learning, verbal abilities,
and field dependence may be relevant to instruction (Seels & Glasgow, 1990). The
selection of which characteristics to assess will depend on the learning situation (Dick &
Carey, 1985) and how the information will be used. Prior knowledge, or learners' current

understandings of concepts related to a domain of knowledge, is generally considered



essential (e.g., Gagné, Briggs, & Wager, 1988). An analysis of learners' prior knowledge
is useful to an instructional designer for several reasons.

Establishing learners' prior knowledge allows designers to identify knowledge
gaps to be filled, misconceptions to be corrected, and concepts to be elaborated upon.
Knowing these things, instructional designers then have some idea of where instruction
should begin (e.g., start with the basics or begin with more complex ideas), what topics to
include during instruction, how to present these topics (i.e., the selection of appropriate
instructional activities) (Sax, 1989), and any learner misconceptions that must be
unlearned before learning may progress. For example, an assessment of learners' prior
knowledge may indicate learners generally have a strong understanding of basic concepts
in a domain, but have limited understanding of the relationships among those concepts.
The instructional designer may determine that these learners will benefit by analyzing a
series of case studies and consequently include case studies in the instructional strategy
for the course.

Establishing prior knowledge provides information that can be used as part of
summative and formative evaluations to determine the success of the learning program
(Camp et al, 1986). Pre- and post-evaluation of learners' knowledge indicates growth
during a course and may be used as a summative evaluation to assess the effectiveness of
instruction and the level of learners' achievement. Using prior knowledge as a standard to
compare changes during instruction allows instructors or instructional designers to
perform formative evaluations that may result in mid-course changes in instruction if
learners are not progressing as expected.

Establishing prior knowledge can provide information to instructional designers to
select learners for instructional programs. Frequently, prerequisite knowledge is

necessary for successful learning in some domains of knowledge. For example,



understanding simple geometry may be necessary for learning to survey land. Assessing
learners' prior knowledge can indicate whether learners have the geometry knowledge
base to learn the subject matter addressed in a course. The instructional designer may
want to discourage or disqualify learners who do not possess the prerequisite knowledge.

While understanding learners' prior knowledge is accepted as important, a recent
study by Reiss and Morley (1993) suggests what is best is not always what is done. Reiss
and Morley surveyed members of the National Society of Performance and Instruction to
determine what steps in the instructional systems design process are typically skipped by
practicing instructional designers and to determine why these steps are skipped. They
found that only 51% of the respondents always performed some kind of in-depth analysis
of the target audience before developing instruction. Furthermore, Reiss and Morley
reported that of the reasons for not conducting an analysis of the target audience, 44% of
the respondents reported a lack of time and 12% reported a lack of knowledge about how
to do such an analysis.

Perhaps measuring instruments or procedures that are quickly developed and used,
and provide easily-analyzed data could make formal target audience assessment, and
particularly, prior knowledge assessment more accessible to practicing instructional
designers. There are a number of informal and formal methods for assessing prior
knowledge. Informal methods may include observation, informal interviews, and
interaction with members of the intended audience. Formal methods may include essay
and multiple-choice tests (Mehrens & Lehmann, 1991). A popular technique for formally
measuring prior knowledge is the multiple-choice test (Mehrens & Lehmann, 1991;
Popham, 1981). Although well-constructed multiple-choice tests can provide a great deal

of information about what learners know, constructing, administering, and interpreting



the results of a valid and reliable multiple-choice test is difficult and time consuming,
especially for novices (Mehrens & Lehmann, 1991; Sax, 1989).

Concept Mapping procedures, producing representations of learners' prior
knowledge, are typically uncomplicated to develop and implement, and provide data that
are readily analyzed (Novak & Gowin, 1983). A Concept Mapping procedure may also
prove to be a reliable and valid way to assess prior knowledge. There are many different
Concept Mapping procedures (e.g., the word association method, interview method, and
graph construction methods). One specific graph construction method is called concept
mapping. This is not to be confused with Concept Mapping which is the general term for
all procedures to graphically portray student knowledge (in this paper, Concept Mapping
will be capitalized when referring to the general term). The concept mapping procedure,
as developed by Novak and Gowin (1993), will be the focus of this study.

The purpose of this study is to investigate concept mapping to estimate its validity
and reliability as part of a target-audience analysis to determine students' prior
knowledge. As the Reiss and Morley study (1993) suggests, practicing instructional
designers often appear to avoid target audience analysis because they have neither the
time nor the expertise to carry out the assessment. If reliable and valid, concept mapping
could be an effective and convenient assessment tool for instructional design
professionals.

In the next section, several Concept Mapping procedures are discussed and the
rationale for selecting concept mapping as the focus of this study is presented. Then, a
discussion of ways concept mapping and other Concept Mapping procedures have been
used in research and practice is presented to show the need for reliability and validity

studies on Concept Mapping procedures.



Techniques for representing cognitive structure

A basic tenet of cognitive psychology is that learners' knowledge is organized into
an interrelated network of concepts that differs among individuals. This organization of
knowledge has been called cognitive structure (Ausubel, 1968; Jonassen et al., 1993;
Shavelson, 1972), schemata (Anderson, 1977), and frames (Minsky, 1975). For the
purpose of this research, the term cognitive structure will be used to describe learners'
structure of knowledge. Ausubel (1963) defines cognitive structure as "an individual's
organization, stability, and clarity of knowledge in a particular subject matter field at any
given time" (p. 26). Shavelson (1972) defines cognitive structure as "a hypothetical
construct referring to the organization (relationships) of concepts in memory" (p. 226-
227). Jonassen et al. (1993) refer to cognitive structure as structural knowledge or the
"pattern of relationships among concepts in memory" (p. 4)

Concept Mapping techniques attempt to represent learners' cognitive structure
related to a domain of knowledge. Each Concept Mapping technique is unique in the way
learners state the concepts they see as related to the target concept, and in the way the
relationships among the concepts are portrayed. Several Concept Mapping procedures
have been developed as techniques for learners to represent their prior knowledge.

Concept Mapping procedures share the problem of trying to portray cognitive
structure; a structure we are unable to see. However, none of the developers of these
Concept Mapping procedures claim to produce a replication of cognitive structure, only a
representation. The final representation of cognitive structure reflects the Concept
Mapping technique used to create that representation (Donald, 1987). When Concept
Mapping techniques are used to represent cognitive structure, the user must remember
they are viewing a representation based on the selected Concept Mapping technique and

not a replication of learners' cognitive structures.



Another problem with trying to reveal learners' cognitive structure is that Concept
Mapping procedures impose structure to the content being mapped. Some domains are
less structured than others, and when structure is imposed on ill-structured content areas
by a Concept Mapping procedure, the learner may find it difficult to demonstrate
understanding through concept mapping. For example, counseling is a somewhat ill-
structured content area (e.g., causal relationships are not always clear and some
terminology is indefinite). Some basic theories in counseling may be mappable, but
using Concept Mapping to demonstrate an understanding of counseling may be difficult.

A last problem with Concept Mapping is there are many learner characteristics
that may affect learners' abilities to map a topic. For example, McClure (1989) found
concrete operational and formal operational subjects mapped geometric concepts
differently. This will be discussed in more detail in a later section. Other possible
intervening variables might be field dependence, creativity, verbal skills, writing skills,
and the learners' ability to use mnemonics. Few studies appear in the literature that look
at how different learner characteristics affect learners' abilities to complete a Concept
Mapping technique.

Despite the difficulty of trying to represent cognitive structure, Concept Mapping
procedures continue to demonstrate merit as a procedure to measure learners' cognitive
structure. Examples of research and practical applications of Concept Mapping will be
discussed in a later section. First, several procedures that show promise as effective ways

to portray learners' cognitive structure are presented.



Word association technique

The word association technique requires learners to list words they consider
related to the main concept of interest. A key word is provided representing the main
idea of the concept being mapped. This word is written in a column on the left side of a
page. Space is provided to the right of each word for learners to write words related to
the main idea. Repeating the main idea down the left side of the page orients the learner
to the main idea each time another word is written. The word association method can be
controlled or the student can be allowed to free associate. A list of stimulus words are
provided under the controlled conditions and the learner simply chooses words from that
list in order of importance (see Figure 1). No such words are provided during the free-
association method and learners simply brainstorm words (see Figure 2) (Jonassen et al.,
1993). The number, kind, order, and overlap of responses are considered in the analysis
of the raw data gathered from word-association tasks (Shavelson, 1974). The raw data

are graphed using multidimensional scaling or cluster analysis.

Protocol analysis method

Representations of what learners know may also be produced from an interview,
or protocol analysis. In this case, students do not construct their own representations, but
the interviewer infers learners' understanding from the interview data. Raw data gathered
through the interview are analyzed by the interviewer for stated relationships, strategies,
assumptions, and logical errors (Donald, 1987). Interviewers then construct maps to

resemble one of the graph construction methods described below.



Directions: The key word "politician" is printed down the left side of this page. A list of
words related to the concept of a politician appears below these directions. Think about
the concept of a politician, then go to the word list and choose the word you think is most
related to the key word. Write that down on the first blank. Read the key word again and
go back to the word list to choose the next word most closely related to your idea of a
politician. Write that word in the next blank space. Repeat this process until all the
words have been selected from the word list.

representative  speeches lawyer campaign house votes
debate senate election laws promises  amendments

politician

politician

politician

politician

politician

politician

politician

politician

politician

politician

politician

politician

Figure 1. Example - Controlled word association procedure



Directions: The key word "politician" is printed down the left side of this page. Each
time the word appears, read it, then think about what it means. Write the first word that
comes to mind on the blank next to the key word. Continue doing so until you can't think
of any more words.

politician

politician

politician

politician

politician

politician

politician

politician

politician

politician

politician
politician

politician

Figure 2. Example - Free word association procedure

Graph construction methods

Graph construction methods result in a representation of cognitive structure in
which relationships between concepts are specified by connecting lines. As with the
word association method, there are variations including tree construction, pattern note,
and concept mapping procedures.

During the tree construction procedure, subjects are given a list of words from
which they first choose the two words most closely related. These two words are written
on a blank sheet of paper and connected with a line labeled with the number one.

Students then look back at the list of words, find the word most closely related to either of

the first two words, and write that word next to the related word on the page. A line is



drawn to connect these two words and labeled with the number two. This continues until
all the words in the list have been connected. The result is an arrangement of words
connected with numbered lines representing the order in which the words were connected
(see Figure 3). The tree-construction procedure works particularly well with well-

structured disciplines such as chemistry (Donald, 1987).

representative  politician  lawyer campaign  house votes
debate senate  election laws  promises = amendments

politician
1
lawyer
2
3 representative
campaign 8
laws

debate  promises

votes amendments

|7 10N

. house senate
election

Figure 3. Example - Tree construction
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The pattern note procedure gives few cues to students. During this procedure,
learners are given the topic to be mapped and are instructed to come up with one word
representing the main idea of the topic. They write this word on a sheet of paper and
draw a box around it. Learners free associate about the topic and describe their initial
ideas on lines connected to the box. Secondary or tertiary thoughts are written on lines
connected to the initial ideas. This continues until students feel they have adequately
represented the main idea. Relationships between subordinate ideas can be represented

with additional connecting lines (see Figure 4).
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Figure 4. Example - Pattern note
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Concept mapping was developed by Novak and Gowin (1993) to graphically
portray what learners know about a given domain. A concept is defined as "a regularity
in events or objects designated by some label" (Novak & Gowin, 1993, p. 2). Concept
maps are made up of propositions which are composed of two or more concepts linked by
words describing the relationship between the two concepts (Novak & Gowin, 1993).

For example in the proposition "football is a sport", "football" and "sport” are two
concepts; the relationship between these concepts is described by the phrase "is a".

Concept maps are hierarchically organized with the most inclusive concept placed
at the top of the map and subordinate concepts appearing below (see Figure 5). Learners
are given a topic and a list of words representing concepts related to that topic. (Another
option is to ask learners to brainstorm a list of words they believe to be related to the
topic being mapped.) Then they list the words in order of importance. From this list they
choose the most inclusive concept, write it down on a piece of paper, and circle it. They
return to the list, write the second word under the first word that was circled, draw a line
between them, and describe the relationship between these words on the line. This is
repeated until all the words from their lists are gone. Learners then study the resulting
concept map and look for additional relationships among concepts that have not yet been
shown on their maps (Jonassen et al., 1993). The concept mapping procedure allows
students to graphically portray relationships they understand to exist among many
concepts within a domain of knowledge. Concept maps can be scored using the
guidelines provided by Novak and Gowin (1993) (see Appendix 1), or as Novak and
Gowin also suggest, they can simply be reviewed for the qualitative information they

contain.
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Figure 5. Example - Concept map (from Novak & Gowin, 1993, p. 176)

Applications of Concept Mapping procedures in research and practice

The purpose of this section is to describe ways Concept Mapping has been used in
research and practice to help improve instruction. The absence of reliability and validity
estimates of the Concept Mapping procedure used in each study will also be
demonstrated.

McDonald (1989) demonstrated that Concept Mapping may be useful for
instructional designers to predict the preparedness of students to understand complex
ideas. McDonald used a variation of the word association technique as a research tool to
investigate geometric concepts of students in different developmental stages. McDonald
found that concrete operational students (able to understand logical operations with
concrete things only) represented geometric concepts only superficially, while formal

operational students (able to think logically with abstrations) constructed more stable and
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accurate representations of their knowledge structures. Data for this study were collected
with a variation of the word association technique in which the students were asked to
rank the degree of the relationship between pairs of words from one to ten. The data were
then graphed using multidimensional scaling.

After analyzing the graphs representing students' knowledge, McDonald
concluded that concrete operational students may not be ready to understand abstract
concepts, and the instructional strategies chosen to teach abstract concepts may need
modification to accommodate these students. Thus, McDonald found Concept Mapping
could provide instructional designers information about students that will help them
select more effective and efficient instructional methods. The reliability and validity of
this Concept Mapping procedure were not reported in McDonald's study.

Research by Lewis, (1991), Gussarsky and Gorodetsky (1988), Shavelson (1972),
and Beyerbach and Smith (1992) illustrate how Concept Maps may be used for student
assessment before, during, or after instruction.

Lewis (1991) demonstrated Concept Mapping reveals a range of learners' abilities
to process information. Lewis used protocol analysis to gather data to construct
representations of eighth grade students' cognitive structures during an elementary
thermodynamics class. An analysis of these representations led to the identification of
three classifications of students determined by the degree to which they accurately
restructured their knowledge as new information was received. Almost one-fourth of the
students were described as "converging." These were students who continually modified
their knowledge structures based on new information. They understood underlying
thermodynamic processes, enabling them to build accurate connections between
concepts. More than half the students were in the second category called "progressing."

Although these students modified their knowledge structures based on new information,
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they could not integrate concepts as well as "converging” students. The remaining one-
fourth were considered "oscillating" because they changed their concepts sporadically
and not necessarily based on new information. These students perceived knowledge at a
surface level, not seeing underlying ideas which gave the information deeper meaning.
By the end of the course, the oscillating students had not yet built accurate relationships
among concepts. Lewis concluded the knowledge structures of the students in these three
groups were different, indicating different learning needs. For example, Lewis found
oscillating students benefited from modeling problem solving processes. Lewis does not
report the reliability and validity estimates for the Concept Mapping procedure used in
the study.

Gussarsky and Gorodetsky (1988) demonstrated Concept Mapping procedures can
be used to track changes in students' cognitive structure during instruction. Gussarsky
and Gorodetsky used a word association method to study how the formation of chemical
equilibrium concepts in college students is affected as a chemistry class progressed
through a semester. From the data, the researchers were able to identify how students'
misconceptions lead to other misconceptions (e.g., misunderstanding the Le Chatelier
principle is reflected in the lack of connections between this concept to others, further
affecting the understanding of these follow-on concepts). Gussarsky and Gorodetsky also
showed changes in the results of the word association exercise may indicate how specific
units of information entering learners' knowledge structures affect understanding of
existing relationships. Understanding how new information modifies prior knowledge
may enable instructional designers to make better decisions regarding the order and
presentation methods of instructional material. The reliability and validity of the Concept

Mapping procedure were not reported by the authors.
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Shavelson (1972) demonstrated Concept Mapping can be used to track changes in
cognitive structure over time. Shavelson used the word association technique to
investigate the understanding of physics concepts of students in a high school physics
course. Data were collected before, during, and after instruction for an experimental
group receiving instruction. The same data were collected for a control group not
receiving instruction. From the data, Shavelson concluded the cognitive structures of
students in the experimental group changed as a result of instruction. Because changes in
the cognitive structures of students can be detected over time, and because these changes
can be attributed to instruction, the effectiveness of an instructional program may be
evaluated by monitoring students' cognitive changes with a Concept Mapping technique.
Student achievement may also be evaluated using the same technique. Shavelson did not
report the reliability or validity of the Concept Mapping procedure.

Beyerbach and Smith (1992) demonstrated Concept Mapping can be used as an
evaluation component for a teacher education program. Beyerbach and Smith compared
several different methods for studying preservice teachers' thinking to investigate how
their thinking evolved throughout their participation in a teacher education program. One
of the approaches the researchers used was concept mapping. Preservice teachers
periodically created concept maps for two years. The first year they used paper and
pencil to construct concept maps, the second year they constructed maps using a
computer program called Learning Tool. The preservice teachers constructed and
continually updated concept maps for the topic, effective teaching. Beyerbach and Smith
found students' technical vocabulary increased as they progressed through the program.
Also, students' maps became more differentiated, more hierarchically organized, and
more similar to each others' and to the instructors' maps. The program administrators

used the data gathered from this study to make program implementation decisions, such
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as introducing less technical vocabulary in more depth and including more classroom
management topics in the program. The researchers concluded concept mapping
provided one perspective of preservice teachers' knowledge, and, in conjunction with the
other approaches (stimulated recall, discourse analysis, and reflective journals), the
researchers were able to piece together an understanding of preservice teachers'
knowledge of effective teaching. This allowed the researchers to make informed
decisions regarding the content of the program. Reliability and validity estimates were
absent from this study.

McClure and Bell (1990) used concept maps as a measure of college students’
cognitive structure before and after completing an environmental education course to
determine if the course fulfilled course objectives. The course was specifically designed
to help students learn additional science concepts, and build an understanding of how
these concepts relate to other non-science areas such as social issues. An analysis of the
concept maps before and after instruction revealed that while existing structures were
enlarged with new information, there was no increase in propositions connecting concepts
in different domains as was expected from the design of the course. No reliability or
validity estimates were reported in this study.

Okebukola and Jegede (1988) demonstrated how concept mapping can be used as
a tool for teaching. They found when concept mapping was used as a teaching tool in an
undergraduate science class, students with a cognitive orientation toward learning
principles performed better on an achievement test than students whose learning strategy
was characterized by simple recall of information, critical questioning of information, or
application of information in problem solving. Also, students in a cooperative learning

setting in which concept mapping was used as a teaching tool performed better on an
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