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AN EXPLORATORY STUDY OF THE CONCEPT MAP AS A TOOL TO
FACILITATE THE EXTERNALIZATION OF STUDENTS' UNDERSTANDINGS
ABOUT GLOBAL ATMOSPHERIC CHANGE IN THE INTERVIEW SETTING1

James A. Rye, West Virginia University, JRYE@WVNVM.WVNET.EDU
Peter A. Rubba, The Pennsylvania State University, PAR4@PSUVM.PSU.EDU

Over the past decade, the concept map has emerged as a versatile and promising tool in the area
of science cducation, especially in research that seeks to investigate students' conceptual understandings
(Good, Novak, & Wandersee, 1990; Markham, Mintzes, & Jones, 1994; Novak, 1990a: Wandersee,
Mintzes, & Novak, 1994). Concept mapping was developed as a strategy to probe knowledge structures
of learners (Driver, 1989), and has further utility as a tool for representing and assessing conceptual
understandings. alternatively termed structural knowledge (Jonassen, Beissner, & Yacci, 1993) or
cognitive structure (Acton, Johnson, & Goldsmith, 1994). The concept map as 2 vehicle to represent and
assess changes in students' understandings about science was pioneered by Novak and colleagues
(Horton, McConney, Gallo. Woods. Senn. & Hamelin, 1993: Novak, 1990b; Novak & Musonda, 1991
Okebukola, 1992).

Novak and Gowin (1984) have recornmended three uses of concept maps in concert with
interviews to evaluate students' understandings: (a) to inform the development of interview questions,
(b) to explicate "post hoc" the student understandings data captured by the interview transcripts, and (¢)
to assess student understandings as captured in the interview transcripts. Wandersee et al.(1994) cite
Novak and Gowin as "see{ing] concept maps constructed from taped interviews as an excellent way to
multiply the power of two tools [concept maps and interviews]" (p. 200). These interview-related
applications of concept maps have been recominended and applied by several researchers (e.g.. Auld,
1990: Brody, 1991; Heinze-Fry. 1987 Novak & Musonda, 1991; Nhkhleh, 1990; White & Gunstone,
1992) and are reviewed in detail clsewhere (Rye, 1995).

Central to the research conducted by this study is the supposition that concept mapping, when
cmployed as an integral component of a concept interview (White & Gunstone, 1992), will facilitate the
externalization of students' understandings. [n discussing the dinension of availability of knowledge.
White (1985) posits that individuals who are equally knowledgeable may differ in their facility to recall

relevant elements of that knowledge and that "the source of such a difference is an absorbing realm for
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research ... if explained, may lead to dramatic improvements in human performance” (p. 56).
Accordingly. interview-based rescarch that seeks to investigate another individual's understandings must
recognize a critical and central concern, that being the researcher's ability to externalize and describe
those particular understandings. The researcher’s ability to elicit knowledge is identified widely as u
problem area (Cohen. 1991; Firlej & Hellens, 1991: LaFrance, 1992; Pidgeon, Turner, & Blockley,
1991 Swatficld, 1990). In his discussion of methodological difficulties surrounding the interview as a
tmeans to measure cognitive structure. Shucli (1985) remarks that "students often arc not able to
articulate what they know" (p. 122). Pidgeon et al. (1991) quotes Polanyi, who contends that "we know
more than we can say” is a significant social science concern. Knowledge elicitation is complicated
{urther by the fact that some knowledge. especially that of experts, is tacit and implicit, making
verbalization difficult (Cordingley. 1989: Gordon et al., 1993). The previous are not small concerns,
considering that knowledge elicitation is a prerequisite to representing and assessing an individual's
understanding (Jonassen et al., 1993).

The concept map is considered to be a graphic metacognitive tool {Johnson & Thomas. 1992;
Novak, 1985; Wandersee. 1990; West, Farmer. & Wolf, 1991). As such, the concept map provides an
external representation of structural knowledge in the form of a two-dimensional semantic network
(Jonassen, 1996). potentially extends working memory. and encourages criticat thinking. Furthermore.,
the concept map as an external representation of structural knowledge serves as a visual image: It may
trigger recognition, thereby lowering the threshold of availability and increase recall of knowledge held
in fong term memory (Ausubel et al., 1978).

Flavell (1985) states that metacognition "includes any knowledge or cognitive activity that lakes
as its object or regulates. any aspect of any cognitive enterprise” (p. 116). Metacognition includes
“strategic actions of the reasoner” (Eylon & Linn, 1988, p. 280). such as questioning, self-checking. and
generating alternatives (Johnson & Thomas, 1992). The concept map, as a "mindtool” (Jonassen, 1996).
may facilitate such strategic actions in the interview setting. For example, it may cause students to
reflect more so on what they know and say, thereby stimulating spread-of-activation and leading to
{urther recall and elaboration (Gagne. 1985: Johnson & Thomas. 1992; Wandersee et al., 1994),

A literature review failed to disclose research that investigated the use of the concept map as an
interview tool to enhance students’ recall and ehieitation of knowledge, relative (o the interview questions
posed. Wandersee and colleagues (). Wandersee. personal communication, November 24, 1993) report
their development of a "coconstruction of concept map™ technigue that is deployed in the interview
setting. This process has potential to mcerease the validity of concept map representations of students’
understandings that e externalized through interview questions, as opposed to relying on post hoe
rescarcher-constructed concept maps from the student transcripts that represent the "researcher’s

understanding” of the student’s understanding
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[n the knowledge engineering literature (Smith, 1987). o concept map-like structure--labeled a
conceptual graph structure (CGS)--has been employed as a tool in conjuction with interviews to elicit or
“extract” knowledge from experts (Gordon & Gill, 1989, 1991: Gordon. Schmierer, & Gill, 1993). This
knowledge cngineering process is referred to as conceptual graph analysis. Like concept maps, CGS are
comprised of nodes connected by lubeled links that explicate node interrelationships. Question probes
arc used in concert with the evolving CGS. the latter serving as an auxiliary visual during the intervicws
to facilitate elicitation and verification of the expert's understandings. Ultimately. the CGS becomes the
“expert” representation of knowledge, and infornis the design of text or instruction, or is encoded as the
knowledge base in an expert system. CGS and the related analytical process function to minimize any
discrepancy or gap between the knowledge engineer’s understanding of the expert's knowledge and the
expert's actual knowledge. Gordon et al. (1993) report that the utilization of interview question probes
in concert with CGS provide a "sensitive means of measuring student knowledge structures™ (p. 479). In
this study. the mvestigators adapted the conceptual graph analysis process to design a teacher-expert
concept map, which was emploved as a referent to analyze student understandings data clicited in the
mterview setting.

The tcacher-expert concept map also was used to identify central concepts for Pathfinder analysis
(Schvaneveldt, 1990). Pathfinder Networks are two-dimensional tink weighted graphic representations
of structural knowledge (Jonasuen et ul.. 1993). Pathfinder Networks arce derived through appiication of
the Pathfinder scaling algorithm (Goldsmith, Johnson, & Acton. 1991) to the relatedness ratings of
concept pairs-- concept relatedness ratings aiternatively are known as pairwise relatedness ratings
(Geldsmith et al., 1991y or semantic proximities. The resulting network representations may be
compared to yield an index of configurational similarity (Goldsmith et al., 1991y of cach student's 1o the
teacher's net--this similarity index alternatively is known as “Closeness™ (Acton, Johnson. & Goldsmith.
1994) and is believed to be an excellent micasure of students' structural knowledge (Goldsmith et al..
[991: Jonassen, 1993).

The Pathfinder Neowork is a relatively new tool in educational research (Goldsmith et al.. 1991,
This study explored new ground by utilizing an expert concept map to inform Pathfinder analysis and
examining the predictive vahdity of the Pathfinder Network similarity index for student performance in
the interview setting A review of the literature reveaied but one study (Wilson. 1994) that has
cornbined the concept map and Pathfinder Network in investigating student understandings in science.
and no studies that apply in concert these tools io data analysis in the manner described herein. Wilson
cimployed the Pathfinder scaling algorithm in an investigation of the differences in post-instructional
concept maps on chemical equilibriumy of high and low achievers in high school chemistry. The
sunilarity index of the Pathfinder Networks of the two groups (high and low achievers) was 38 The
Pathfinder Network of the high achicver's group had the more broad inclusive coneepts focated centially

and the more conerete concepts located on the periphery whercas the net of the tower achiever's group
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placed several of the fess inclusive concepts centradly. The author concluded thad their results support
the claim that “the way know ledge s organized is a major source of the difference between experts and

novices™ (p. 1143y
Background

This study emerged from rescarch (Rye. Rubba. & Wiescnmayer. 1994, in press) that was
conducted as part of & National Science Foundation sponsored Teacher Fnhancement Project (Rubb,
Wiesenmayer. Ryve. & Ditty. 19901, This project sought to develop teacher-leaders and curricula to
further Science-Technology-Society (STS) education in middle/junior high school science. The STS
sues of focus were globul warming and others encompassed by global atmospheric change (Ennis &
Marcus. 1994: Houghton, Callendar. & Varne. 1992),

During the carly stages of the project, teams of teacher-participants developed STS-global
warming Tinvestigation and action”™ units (Rubba & Wiesenmayer, 1985). Each unit contained lessons
that presented STS foundations and a general awareness of STS issues prior to lessons that honed in on
investigating and taking action on global warming. As part of formative evaluation of these umits,
project stafl conducted semi-structured interviews (Merriam, 1988 Novak & Gowin, 1984) with grades
5-9 students after they pad completed the STS-global warming instruction. These inierviews included
duestions to elicit the students™ post-instructional understandings about the naiure. cause, and resolution
of global warming  Analysis of the interview wanseripts incorporated the concept map tool as an
“expert” referent structure tJonassen et al, 1993; Lomask, Baron, & Gricg. 19923) derived from
document analysis (Gordon ctal.. 1993). Additionally. the concept map tool was cmiployed in a smail
aumber of the interviews to elicit these students' coneeptions about globul warming: After the student
responded o aninterview gquestion, the interviewer asked the student to concept map what the student
beheved o be the important parts of his/her response. At the close of these mterviews, the researchers
solicited e stedents” pereeptions of this process as a means to help them answer guestions during the
mterview. The students” responses suggested the merits of the coneept map. as process ard evolving
product. to facilitate the externalization of students” knowledge in the interview setting. Transcript
exeerpts of students” perceptions follow, which speak to the supposition that the concept map may
facrlitate metacognition cFlavell TORS und elaboration (Gagne, 19851 and exphcation by the student of

thewr conceptual understanding:

Fthink 1t makes 1t casrer to understand what vou are saving.
- feoncept mapping parts of niy answer| made it clearer so that Teould understand what |

thought about . When Ithink about things T just think about things one at a time This put it
all together and T ean think about it more clearly .

¥
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As Twas writing the things and I could see them there, it made e think that there are aiso more
things that made, you know . . . just secing them helped me think of more things.

[T]hey [concept maps] give you ideas to the answers to the questions.

The experience gained through and the findings (Rye, et al., 1994) from the endeavors described
above informed many aspects of the study set forth herein. These aspects included: (a) the development
of interview protocols. (b techniques for data collection and analysis that incorporated the concept map
tool. and (¢) the choice of cholorotluorocarbons (CFCs) as a subset of the domain--global atmospheric
change (GAC)--in which to nvestigate students’ conceptual understandings. Relative to the latter, many
of the students who completed the STS-global warming instruction were found to hold alternative
conceptions about the role of CFCs in global warming, including the idea that ozone layer depletion is a
maior cause of global warming (Rve et al.. in press). The STS unit (Rubba, Wiesenmayer, Rye et al.,
1993) that guided the instruction in this study had been revised to help students restructure such
alternative conceptions. These revisions included expanding the scope of the unit to target other GAC
Issues, e.g.. ground level ozone pollution. Accordingly, instruction provided from this revised unit
became known as “STS-GAC™ instruction, and subsequently is referred to as such.

Additionally, the unit revisions included an increased emphasis on the concept map. Several of
the lessons incorporated concept maps and mapping activities. A self-instructional appendix on concept
mapping also was included for science teachers. which focused on the “what, why. and how™ of concept
mapping and developing student competence in this fearning strategy.

The individual who served as the teacher-subject and reference “expert”™ in this study was a
veteran science teacher and an exemplary participant in the Teacher Enhancement Project referred to
above. She played a major role in the ficld testing and subsequent modification of the STS-global
warming unit. and had considerable interest in the concept map as a science education toel. A volunteer

sample of her students served as the student-subjects of this study.
Purpose

The primary purpose of this study was to investigate the effectiveness of two different types of
post-instruction coneept interyiews--one that did or one that did not embed a concept mapping process--
as ameans of eliciting students’ post-instruction conceptual understandings about the nature of. source
of. and problems caused by CFCs. In the “type of interview™ that included concept mapping, the
students were asked to do more than just respond verbally to the interview questions: They also were
asked to concept map what they believed to be the important parts of their verbal responses to the
mterview questions, Additionally, they were encouraged to examine the evolving concept map while

considering their responses to the interyiew questions.
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Sceveral dependent variubles of conceptual understanding were defined (White & Gunstone.,
1992). Chief amongst these wa the Citesion measure of accordance (ACCORD), which tepresented the
extent to which the student explicated during the interview the concepts and concept refationships that
comprised the ideal post-instructional understanding . This ideal understanding was based on the
instruction provided by the classroon. teacher and was set forth in a teacher-cxpert concept map.  An
important research question was. Does an interview that embeds concept mapping. compared to one that
does not embed that process, increase significantly (p < .035) the externalization of ACCORD? The
corresponding null hypothesis was “Type of interview™ does not predict ACCORD.

Two other criterion measures (White & Gunstone, 1992 of students’ conceptual understanding
examined in this study were as follows: (@) external relatedness (EXTERNY, as defined by all other
GAC coneepts set forth in concept maps that were placed at the beginning of cach investigation lesson in
the STS-GAC unit. and valid concept relationships between the teacher-expert and these other GAC
concepts: and (b interrelatedness (INTER). as defined by the mean number of relationships per concept
(Stensvold & Wilson. 1990y, where concepts were "teacher-expert” and "other GAC concepts” and
relationships were those that comprised accordance and external refatedness of understanding. Rescarch
questions and corresponding null hypotheses similar to those that tarccted ACCORD were set forth for
these additivnal measures of coneeptual understanding. e.g.. Does “type of interview™ predict EXTERN
or INTER?

A secondary purpose of this study was to answer the guestion, Is there any effect (including
interaction) by the addition of the independent variable. student to expert Pathfinder Network simitarity
index (PFNSD. on the prediction of ACCORD? Corresponding null hypotheses were, (a) The addition
of PENSI (o a two-parameter regression model that includes "type of interview " does not improve
significantly (p < .05) the prediction of ACCORD; and (b) There is no statistically significant (p < .05)
nteraction between PENST and "type of interview™ as it regards the prediction of ACCORD.

This study also sought an answer for the question, What are the students” perceptions of the
process instituted in the interviews as @ means to “tell what they know" and what changes do students
recommend to improve this process? Detailed findings relative to this question are presented clsewhere
(Rye. 1995). However, set forth herein are siudents” views of the concept map as a lool to “tell what 1

know.™
Mzathodology

Subjeets and Research Desien

This stady was conducted ina jumor high school that was located ina semi-uiban arca of the

northeastern United States. Subjects were an cighth grade physical science teacher and students from

6



feur sections of her physical science course. Figure 1 illustrates the research design that guided this
study. which is tied to the narrative that follows,

Prior to the beginning of the study, the teacher introduced her physical science students to the
concept ap tool and provided instruction {rom the foundation and awareness lessons (Xy,) in the STS-
GAC unit. These lessons did not introduce the concept of CFCs. Subsequently, the teacher recruited
student volunteers (Sp) to participate in this study, which surrounded the teaching of the mvestigation
tessons from the STS-GAC unit. These lessons introduced and developed the concept of CFCs and their
role in GAC.

All of the student volunteers whose parents provided informed consent and release were
scheduled as available and as time allowed for an initial concept interview (O). These interviews
preceded the start of the STS-GAC investigation instruction, and henceforth are known as the pre-
instruction concept interviews (PREICD. A total of 38 students (approximately two-thirds female)
completed a PREICL which was conducted in accordance with a standardized open-ended interview
protocol and chiefly for the purposes of removing the novelty to students of the interview setting. The
PREICT did not erabed a concept mapping process, but did include questions to clicit students’
conceptual understandings about CFCs. Accordingly, these interviews generated transeripts that
provided evidence of students” understandings about CFCs prior to STS-GAC unit instruction on CFCs.
Additionally. the teacher verified that she had not provided any instruction on CFCs in the eighth grade
physical science course up to that point. and to her knowledge. the students had not received such
instruction in prior s¢ience courses.

The week following the completion of the PREICI. the studerts began instruction from the
investigation lessons (Xi) in the STS-GAC unit. This instruction spanned a five week time period.
Here. students had the opportunity to learn grade-appropriate scicnce content that underlay the nature.
causes. and potential consequences of global warming and ozone layer depletion, and as such. included
instruction on CFCs. As part of this instruction, the teacher utilized concept maps to convey GAC
content and assigned several concept mapping exercises to the students, However, students were not
assigned to develop concept maps in which CFCs were the focus or most superordinate (Novak &
Giowin, 1984) concept.

Following the GAC investigation instruction, the students who were present for at least 75% of
thrs nstruction and had completed a PREICT were randomly assigned (Ry) to two different "type of
interview” groups (GA and GB) and “day of interview™ (one of seven school days). Each of GA and GB
consisted of 18 students, Seventeen of the students assigned to cach group completed a second concept

mterview (02 or 03), which yielded transeripts of students” post-instruction understandings of CFCs.




ERIC

Independent two-sample [-tests verificd that these two groups did not differ significantly (p < .05 on the
scaled scores from the grade 7 take of the reading verbal component (t = -.228, df = 31, p=.821)or
component total (t = 406, df = 31, p = .688) of the California Achievement Test (CTB McGraw-Hill/.
1980). Additionally. the teacher certified that all students who completed cither type of interview were
competent in concept mapping. During the timespan that the post-instruction inteviews were conducted.
the teacher did not provide any instruction from the STS-GAC unit.

The post-instruction coner ptinterview (O2) completed by the students in GA was guided by a
standardized open-ended interview protocol that was very similar in structure and process to the
PREICE Tudid not embed o coneept mapping process and was considered by the investigator 1o be
conventional in nuture. Henceforth, the interview completed by the students assigned to GA was labeled
the post-instruction conventional coneept interview--POSTICCIL. Like the PREICI, the POSTICCI
posed guestions to clicit students” understandings about CFCs. However. it went beyond the PREICI in
that it posed questions to clicit students” perceptions of the interview as a means to “‘tell what I know.”

The post-instruction concept interview (O3) completed by the students assigned to GB differed
m only one respect from the POSTICCE Tt was guided by a standardized open-ended interview protocol
that wis modified to embed a concept mapping process. The interview completed by the students
assigned 1o GB is lubeled the post-instruction modified concept interview--POSTIMCI. In addition to
an interview transceript. the POSTIMCT vielded student constructed concept maps.

After all of the post-instruction concept interviews were completed. a “paper and pencil”
classroom activity was conducted by the teacher with all of her physical science students. Here, students
rated the relatedness of all possible pairings (n = 28) of the eight concepts that had been deemed by the
teacher as those concepts most central to an understanding about CECs The concept rating activity data
from the students participating in this study (O.4) were provided to the investigator, and utilized to
generate student Pathfinder Networks and student to teacher Pathfinde. Network similarity indexces
(PLNSD.

Afier the completion of the STS-GAC unit instructior from the investigation lessons., the teacher
engaged in a knowledge engineering process with the investigator for the purposes of developing the
eucher-expert veferents (a teacher-expert concept map and Pathfinder Network) used in data analysiy,
This process is notreflected in the research design (Figure 1), and is presented under the data collection

and analysis sections that follow,
Data Collection
All datiowere collected by the first author of this paper. The tools used to collect data from the

students were as follows: ta) the investigator as interviewer (Erlandson. Harris. Skipper. & Allen,

19035, thy standardized open-ended mterview protocols (Patton. 19903 to guide the PREICL POSTICC],
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and POSTIMCI (ull interviews were tape recorded): and (¢) for the POSTIMCI only. the concept map
tool (Novak & Gowin, 1984) and niap construction materials (a ceramic dry-erase board. markers,
eraser, und blank sticky notesy. Additional student data were provided to the investizator by the teacher:
the scaled scores and national percentile rankings on select components (test total, reading total, reading
vocabulary, and reading comprehension) from the most recent (7th grade) tuke of the California
Achicvement Test: and the results from the classroom paper and pencil activity where students rated the
relatedness of pairs of central GAC concepts.

Data were collected from the teacher for the purposes of obtaining teacher-expert referents (a
teacher-cxpert concept map and Pathfinder Network) to be used in the analysis of student data, These
data were collected through tw o post-instruction interviews (guided by the protocol used to conduct the
POSTIMCD. a concept map and map construction materials, and a paper and pencil exercise that

required rating the relatedness of pairs of central GAC concepts.

Investigator
The investigator’s experience as an interviewer in and as an analyst of data from research that
sought to investigate students’ conceptual understandings, including the employment of the concept map
tool in such research. was set forth within the background section of this paper. The investigator in this
study possessed a sophisticated understanding of GAC relative to the science content that comprised the
STS-GAC instruction for the students in this study. In reporting their results from a longitudinal study
that incorporated interviews and concept maps to investigate students’ science understandings. Novak &
Musonda (1991) point to the importance of the interviewer's knowledge base in the content domain in
which students' understandings were examined: "We found that it was essential for interviewers to have
a sound grasp of the science concepts involved in the interview. .. " (p. 124). A sophisticated
Knowledge of the content domain, relative to what the students’ being interviewed are likely to possess.
15 critical to the interviewer's formulation and issuance of declarations of complexity (Dana. Kelsay.
Thomas. & Tippins. 1992). Such knowledge also is important to data analysis, where the investigator's
knowledge 1s called upon to make decisions about the validity of certain concept relationships explicated

in the student interview transcripts and concept maps.

Student Interviews

All interviews were conducted by the investigator in a private setting in the junior high school
during normal school hours, were tape recorded. transeribed, and verified against the tape. The PREICT
were conducted over a three-day period immediately prior to the start of the STS-GAC investigation
instruction and ranged m length from 15 to 25 minutes. The post-instruction interviews (POSTICCT and
POSTIMCT began approximatesy one and one-half weeks after the completion of the investigation

instraction and were conducted over cight sequential school dayvs, The POSTICCT ranged in length trom




F7.5 10 39 minutes and the POSTIMCI, from 28 10 50 minutes. Approximately eqaal numbers ol cach
type ol interview were conducted on cach day.

The complete proiocols employed to conduct the PREICL POSTICCL. and POS TIMCL are
provided clsewhere (Rye. 1995). These interview protocols conformed to structural and procedural
speeifications that have been set forth by recognized authorities i the area of eliciting stndenty’
understandings via the interview tool (Novak & Gowin, 1984; Osborne & Freyberg. 1985 White &
Gunstone, 1992). For exampie. the interview questions posed to externalize students” understandings
were open-ended, non-leading. and sequenced from somewhat broad to more specific.

These interview protoculs evolved from those that were refined over a two-vear perod by the
investigators in the teacher enhancement project research. deseribed previously in the hackgroumd
section of this paper (Rve et ab.. 1994 in progress). Addutionally, a separate study wa . conducted 10
pilot-test these protocols. This study is reported elsewhere (Rye, 19935), and resulted i mirumal changes
to the interview protocols,

The PREICL POSTICCT and POSTIMCT cach were designed to include the follow ing
components: (a) a verbal explanation by the interviewer of the nature, confidentiality, purpose, and
processes involved in the interview. including that the interview would pose questions about CFCs: b
up to six minutes of quict time (Heingze-Fry & Novak, 1990) for the student to think about CFCs and to
Jotdown thoughts and ideus tas single words. phrases, sentences., or diagrams) that they believed were
important. for their future reference while answering the upcoming interview questions about CFCS, o
questions (to be asked by the interviewer) that attempted to elicit students' conceptual understandings
about the nature of, soutees of, and problems caused by CFCs (Table 1): and (d) the provision by the
mterviewer of reflective/verification statements in response to the stadent’s answers to the initie! askin,
and one reasking of each question in Table 1.

Insert Table 1 here

The issuance by the interviewer of reflective/verification statements (Dana et al - 1992: Spradels
1979). declarations ol perplexity (Dana et al.. 1992), and follow-up probes. in response (o students
verhal answers to interview questions, were standardized acroas the POSTICCT and POSTIMC]
protocols. The frequency with which the interviewer repeated interview questions and provided
reflective/vertfication statements alvo was standardized across protocols. Probes and responses other
than those set forth i the protocols were avoided by the interviewer. The mvestigators achnowledae
that selective probing of students’ responses by the interviewer, in order to investigate more deeply un
interesting remark” made by astudent. s a recommended interview practice (Novak & Gown, 1954,

Osbhorne & Frevherg, 1985 White & Gunstone, 1992y, However. in this study. such sclective probimy
3 2 y ] L
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would have been a serious limitation, and invalidated comparisons between students completing the
POSTICCY and POSTIMCL.

The investigator purposetully designed the protocols that guided the post-instruction concept
mterviews--POSTICCT and POSTIMCI--to be the same in structure, content, and process, with one
principal exception: The POSTIMCT embedded i concept mapping process. The embedding of the
concept mapping process transtated to three aspects of the POSTIMCT protocol. all surrounding the
evolving concept map. that were not a part of the POSTICCI prote col. These aspects were that the
POSTIMCI (a) involved the student in constructing a concept map that set forth (as concer and
concept refationships) what he/she believed were important parts of his or her answers to certain
mterview gaestions, (b included dialogue between the interviewer and student relevant to the concept
nrapping process and what was being mapped. and (¢) explicated #n evolving visual (the student's
concept map) for the student to view and reffect upon as the interview piogressed.

Detatled descriptions are provided clsewhere (Rye, 1995) of the procedures employed to conduct
the POSTIMCI. which began with orienting the student to the interview-based concept miapping process.

Al the close of this orientation. tac interviewer told the student:

Sinee this interview is about CFCs, T will write this (CFCs) concept down on a blank sticky note
and [ would tike you to use it in vour concept map. You can usc it when you start your map or
vou can map it in later. This is the only term that T will ask you to use: You will decide all of
the other concepts that go in vour map.

The sticky note of CFCs was then placed on the side of the dry-erase board that was to be used for the
concept mapping. What tollows is a summary of the procedures employed. beginning with the first
interview question (Table 1), to integrate the concept map construction process with the posing of those

questions. the interviewee’s verbal responsces, and the interviewer’s reflective statements:

. The first interview question was posed. After the student responded. the interviewer issued a
reflective response followed by deliberate sifence. If the student came forth with additional
verbal responses, the interviewer provided corresponding reflective statements. Then, the
interviewer asked the student to think about his or her past response(s) and state: "What ure a
couple of terms {concepts; in what you just said. that you consider to be most important?”

2. The student verbalized the term or terims and the interviewer printed them on separate sticky
notes. The sticky notes containing the terms were placed beside the sticky of CFCs, resulting
in two to three terms available to start the mapping.

3. The interviewer asked the student to start constructing the concept may, by (a) selecting the
(wo terms on stickies that he or she wanted to use to begin the map and ob) mapping in the
connection, while thinking about his or her past response to "What are CFCs?

4. The terviewer told the ste2nt that the student could talk about whai he or she was mapping
in, if he or she so desmred. because the interviewer was “interested.”

g
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The interviewer reminded the student of the following. (a) to not be concerned with how neat

the map looked. (b) to not spend too much time in deciding how to map the terms--that the
intervicwer was more interested in what he or she had 1o say than in the map--. and (c) that he
or she could change the map at any time.

If there was another concept remaining on the side of the board. the interviewer gave the

studen’ *he option of mapping it in. too.

. The interviewer posed the interview question a second time. which was followed by

additional reflective statements by the interviewer und mapping if the student had any further

TTESponse(s).

If the student continued to provide verbal responses to a third and fourth asking of the

question. these responses were not reflected or mapped--the interview time block was
insufficient to allow for this.

The above process (1-8) was repeated through question 3G, The interviewer repeatedly

reminded the student that he or she should examine the map while thinking about how to
respond to askings and re-askings of cach of these interview questions.

After the student had no more to cay in response to guestions 3 through 3b. the student was
asked if he or she was satistied with the map, or if final changes were needed. The student
was told to examine the notes he or she had jotted down during quiet time in order to reach
this decision. The student subsequently made any changes she or he deemed necessary, and
the concept mapping component of the interview came to a close. This process allowed for
student verification of the concept map.

The concept map remained out on the table for the remainder of the interview, and the
student was encouraged to examine the map when considering what responses she or he
might make to remaining interview questions (Table 1. questions 4 and 5).

The POSTICCH and POSTIMCT protocols contained questions beyend (and posed after) those set

forth in Table 1. These additional questions were for the purposes of (a) assessing the students’ ability
to transfer their understanding about CFCs to scenarios about atmospheric levels of CECs and ozone,
and (b) cheiting students™ "views and opinions"” on the interview as a means to “tell what [ know.” The
transfer questions and related findings are presented clsewhere (Rye, 1995). The “views and opinions™
questions are presented in Table 2. Because the POSTIMCI embedded a concept mapping process. the
set of questions to clicit these students views and opinions was expanded (o include those that honed in
on the concept map tool (Table 2, “Addittonal Questions for Students Completing POSTIMCL™). In
responding to these “views and opinions” questions, the interviewer encouraged the students to be frank

--to not say something just to make the interviewer happy.




Teacher Interviews

After the teacher finished providing the students with the STS-GAC investigation instruction,
two interviews were conducted with the teacher. which embedded processes similar to those described in
the knowlcdge engmeering literature by Gordon and coltleagues (19891 1991: 1993) for extracting an
expert's knowledge of certain content in a given domadn. In this study, these processes were applied to
construct an expert referent--a teacher-expert concept map--for use in analyzing a portion of the student
interview data. and for determining central coneepts for Pathfinder analysis. These teacher intervicws
are described in detail elsewhere (Rve. 1995) and a summary is presented below:,

The POSTIMCT protocol was emploved as o guide for the first of these two interviews with the
teacher. which resufted in a draft of the teacher-expert concept map. This map explicated what the
teacher belicved o be the ideal post-instructional understanding that students should hold. relative to the
interview questions (Table 1) posed. The interviewer made clear that his intention was not to assess the
teacher's knowledge or elicit her personal understanding, but rather to determine what she desired.
ideally, the students to know. based on the STS-GAC instruction she provided.

A copy of the draft teacher-expert concept map, along with a copy of the interview transcript and
the interview questions (Table 1), were provided to the teacher to reflect on during an 11 day period that
lapsed between the first and second interview. During this time, the teacher was ashed to note changes
aneluding the addition of cross-links) that she believed were necessary in order for the expert map o
reflect better the ideal understanding. The interviewer also studicd the transcript and expert map., and
identified sections in the transeript and map that warranted probing at the sccond interview.

The second interview principally was tor the purposes of producing a final copy (Figure 2) of
this teacher-expert map. Accordingly, the draft map was modified and verified by the teacher during the
interview. This final map was employed later by the investigator as an expert referent in constructing
templates of concepts and concept relationships, which were applied in the analysis of students” verbal
responses (and concept maps in the case of the POSTIMCI to the questions in Table 1 After the
teacher veritied the expert map durnng this second interview. she subsequently identified the & concepts
that she deemed “most central™ to the understanding set forth by the map. These 8 concepts were as
follows: global warming, greenhouse gas, UV light, depletion. man made, ozone layer, coolants, and
cholorofluorocarbons. These concepts formed the basis of the concept relatedness ratings utilized to
cencrate and compare Pathfinder Networks, as described below:,

Insert Figure 2 here
Relatedness Ratings of Concepls
Dusmg the planning stages of this study, the investigator explained to the teacher his interest in

collecting post-mstruction data from studentsubjects and the teacher that could be used for Pathtinder
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analysis. Specifically, this data would result fron an activity where the students and teacher rated (1 1o
9 Likert-type scale) the relatedness (1 = none or very weak and v = very strong) of all possible pairings
ol the 8 concepts deemed as “most central™ by the teacher in the teacher-expert concept map (Figure 2).
The algorithm [n(n-1)/ 2] (Acton, Johnson, & Goldsmith, 1994) for computing the maximum number of
concept pairs from some number (n) of individual concepts results in 28 concept pairs, when n = §.

The teacher was interested in having all of her physical science students complete this concept
rating task. and later, use their rutings in a debate-type classroom activity about the relatedness of these
concepts. She subsequently agreed to provide to the investigator the ratings of only those students who
were participating in the study. Making the task an established part of the scicnce course potentially
increased the reliability of the results of the concept relatedness ratings. That is. students likely viewed
the activity as being a part of their science course as opposed to a task to complete solely for some
rescarch study.

The investigator derived the concept rating activity and related instructions based on the
procedures set forth by others tActon et al.. 1994: Jonassen. 1993: Schvaneveldt, 1990) to collect such
data for the purposes of producing Pathfinder Networks and obtaining the similarity index of student te
expert Pathfinder Networks (PENSIE) - Specifically, the ordered list of the 28 concept pairs was derived
by. (a) generating a random sequence of the cight central concepts. and (b) entering this random
sequence of coneepts into the Knowledge Network Organizing Tool (KNOT™ | Interlink Inc.. 1993)
computer program, which in turn generated the ordered list of the 28 concept pairs. The
activity/directions were verified by the teacher as something that students readily could understand.
Additional expianations/instructions were provided orally by the teacher to help insure that students
would take the exercise seriously. and that useable data would result. These instructions included the
following: (a) the purpose of the activity (i.c. would be used later in a debate): (b) a practice exercise
where students rated the relutedness of concepts comprising familiar concept pairs (¢.g.. boat-water.
boat-land} unrelated to the STS-GAC instruction: (¢) taking no more than 15 to 20 seconds to make a
decision about the relatedness of any concept pair: (d) to circle 5" on the rating scale if they had no idea
of the degrece of relatedness between the concepts comprising a given concept pair (Acton ct al., 1994).

Thirty-three of the 34 students who participated in the post-instruction interviews subsequently
completed the activity. The mvestigator also administered this activity to the teacher. The teacher
followed the same directions as did the students in completing the activity. KNOT'™ was used to
produce Pathfinder Networks from cach student's and the teacher's ratings, and subsequently 10 compute
the similarity index for the teacher’s (expert's) and cach student's Pathfinder Network (PENST). The

dertvation and use of the PENSLare described more completely within the data analysis section.
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The POSTICCHand POSTIMCT data cinterview transeripts from all students and concept maps
from POSTIMCT were assessed against referent templates to deteninine the degree to which cach
student achicved the eriterion measures of understanding: ACCORD, EXTERN. and INTER.
Specificalls. the content of each POSTICCT and POSTIMCT transcript through student resporises 1o
mterview question 3 (Fable 1 was unitized via i case analysis process (Patton. 19901 1o determine the
presence of the concepts and relationships that comprised the measures of ACCORD and EXTERN. and
(hese concepls and relationships were marked/Zentered on the data analvsis templates (described below 1
For students completing the PGSTIMCL the concept maps emergent from ihie interview s also were
exanuned via a case analysis process to identify the presence or any additional teacher-expert concepts
and relationships that were not exphieated by the student verbally . e were not contained in the
mterview transeript. The data analy sis templates also were marked to reflect the explication of thesce
additional concepts and relationships. The sums of these concepts and relationships marked on the
remplates were used o derive quantities for the extent to which the criterion measures of ACCORD and
EXTERN were present.

Fhe measuare of INTER--a ratio of the concept relationships to the concepis explicated--was
Jderved trom the concepts and relationships marked on the ACCORD and EXTERN templates.
Speaifically, the otal number of teacher expert refationships plus relationships between teacher-expert
and externally related GAC concepts tdeseribed below explicated by the student was divided by the
total number of teacher-expert plus externally related GAC concepts explicated by the student. This
Jquotient consatuted the tato INTER.

Bivariate regression analy ses (Judd & MeClelland, 1989) of data, perfomed using MYSTAT!HY
cSYSTAT. 199D, were used to make decisions to retain or reject the null hypotheses about “type of
intervicw” prediciting cach of ACCORD EXTERN. and INTER. Multiple vegression analyses were
performed to determme it students” PENSTimproved the prediction of ACCORD. or interacted with
“tvpe ol mterview ™ in predicting ACCORD. Frequency and inductive analyses (Patton, 1990) were
ciploved to analyze stadent transeripts to deterniine their pereeptions of the interview as a means to
“tell what they knew ™ (Table 200 The frequency analysis wias similan 1o a classical content or protocol
analvsis and the inductyve analysis took the form of a Grounded Theory approach, where the transeript
data was umuzed. coded and Labeled «(Prageon etal., 19910 An attempt was made to combine through

oaical analvsis (Patton, 1905 emiergent categories (Marshall & Rossiman, 1988).

Templages

The templates forassessing ACCORDENXTERN and INTHER were derived prion to the analyvsis

clany of the post iestractiondl mterview datie The teacher-expert concept map (Figure 2y served as the
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referent for developing the ACCORD terphates: and the concepts in the teacher-expert concept mep and
in the concept maps at the begimning of cach STS GAC investigation lesson were the referents for

constructing the EXTERN templates.

ACCORD Templates

One template tor ACCORD listed the 40 concepts from the teacher-expert map and the second

template listed the 45 concept relationships trom the map. The analysis of coneept relationships as
meusure of student understanding from interview transeripts has been described as “concept
propositional analysis” (Novak & Gowin. 1984 Posner & Gertzog. 1982) and referred to hy others as
the use ol “expert-derived™ or “eritical” propositions”(Lomask et al., 1993; Wallace & Mintzes. 1990y or
fust proposttions relaiive to the knowledge an individual holds about concepts (White & Gunstone). The
teacher-expert relationships listed on the concept relationships template included propositions explicitty
tlustrated on the expert map (e.g . CFCs are used in coolants), explicitly illustrated cross-links (¢.g..
CEC substitutes mayv aiso be greenhouse gus). and propositions that were implicit in the understanding
scettorth by the expert nyap. The process wherehy implicit propositions were determined . and limitatons
assoctated with this process. are described i detanl elsewhere (Ryve, 1995) and summarized below.

Implicit propositions were instances of two concepts in i progressively differentiated subsection
of the expert concept map (Frgure 2) hierarchy that were not directly linked. yet could be related in a
vidid and relevant manner through inking words that existed in thai same segiment of the concept
hicrarchy . Examples of implicit propositions were "CFCy are used in air conditioners,” "CFCs tead to
an increase in global tmperature/globul warmimg.” and "global warming alters species.” The
i estigator's decision as to what constituted the wording for and realnt of immplicit propositions was
mfluenced by his immersion in the bnew ledge engineering process with the teacher to produce the
cxpert concept map. which includd a study of the transeripts that resulted from the interviews with the
teacher. Additonally. the mvestigimor was influenced by his in-depth knowledge ot the STS-GAC unit
used as the mstraction in this study. Accordingly. a fair cross-validation process (for the determination
of implicit relationships) would require other investigators to be equally immersed. involved. und
Anowledgeable. The fact that the classroom teacher did construct and validate through a retlection
process the concept map from which the wmvestigator extracted the relationships did conditte to vome
Jegree wovalidity cheek.

Concepts and concept relationships exphicated by the student that were, in the judgment of the
myestigator, very similar in meaning to those on the templates were counted as semantic equivalents.
Such semantie equlivalencs included rebtionsiiips that were asymmetric equivalents, c.g., “Humans
make CFOS™ is the assmmetric equivalent of "CECs are Human-made.”™ Furthermeore, the decision to
radge o coneept relationship explicated by the stndent as the sermantic equivalent of a teacher-capert

coneept relationshp sas made within the broader context of what the student explicated prior and
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subsequent to that concept retattonship I such sacrounding explications e not considered in the
determination of relationship equivatency . then the data analysis is characterized as being an isolated
Factual approact as epposed to one that s contextualized in the students’ broader understanding,

The determination of propositions that are implicit i an expert concept nap. and the use of those
propositions m analy zing understundings captured by interview transcripts. goes bevond what has been
reported elsewhere. Soch an analysis accounts for valid and refevant {to the expert map) understandings
that may be omitted by referring only to explicitly stated expert or eritical propositions (Rye et al.
1994y, The taking nto account of implicit propositions, similar semantic meanings, and asymmetrically
worded relattonships for assessment purposes s congruent with the constructivist paradigm that guides
this stady -1t recognizes that knowledge is individually constiucted and 1o varying degrees idiosyneratic:

and that expert coneept maps should not be “stranghtjackets™ (omask et al.. 1993 p. 5) for assessment.

EXTERN Templates

The STS-GAC unit investigation fessons that comprised the mstruction for this study each

contatned a concept map. which set forth importimtunderstandings about the lesson. There were 141
different concepts in these mvestigatton fesson coneept maps. Practically all of the concepts in the
teacher-expert mup also were in these tesson concept maps. This total of 141 GAC concepts was reduced
to 87 concepts by elimmating the teacher-expert (e the ACCORD)Y concepts as well as several
additioral mvestigation lesson concepts that were the semantic equivalents of teacher-expert conceepls.
These 87 vestigation lesson coneepts were the externally related GAC concepts, and comprised the
concepts template for EXTERND A scecond wemplate was derived for the recording of all vadid (in the
pdement of the investigatonrelationships between the EXTERN and ACCORD coneepts

Alter the investigator completed the analysis of student transeript data agamst ali of the
templates, hie conferenced with a colleague - the second aathor of this paper, whao also was very farailiar
with the STS-GAC unit--on a small number of problenis that arose during analysis. This colieague
Polped the vestigator to establish proceduie to resolve such problems, and the invesugator applicd siuch
procedure moasecond cxanimation of the datae A detatled description of these problems. along with the

corre- wnding decisions applicd to the re-esamimation of the datas are provided elsewhere (Rye, TO95)

PENSI

The coneept relatedness ratiigs of the IR concept pairs. completed by cach stndent and the
teacher. were entered by the investigator into KNOTH KNOTH™ transformed these ratings. utilizing
the Pathiinder scaling algenthing into a Pathfinder Network for cach student and the teacher. The
teacher s and example students” Pathfinder Networks are illustrated tas Figures 3-5y wathin the findings
section of this papet. The nedes i these tesualung Pathfinder Networks are the eight concepts deemed

by the teacher to be those most central in the anderstanding set forth in the teacher-expert concept map.
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These concepts are arranged spatially according o the relatedness ratings (semantic proximities) of the
concepts comprising the coneept pairs. Two nodes are Hinked if the scaling atgorithims determine that
this link explicates the minie i length path between the two nodes.

KNOT M subscquently was employved o compare cach student's to the reacher’s net to generate
the Pathtinder Network similarity index ¢PENSD for cach student. PFNST is a quanuitative measure

ranging from O tnets have no similarity) (o 1 nets are identical).

Findings and Discussion

Table 3 sets forth deseriptive statistics on the degree to which s'udents who completed cach type
of post-imstruction concept mterview (POSTICCT or POSTIMCD explicated the criterion variable
measures of understanding” ACCORD. v hich is the sum of (eacher-expert concepis (ACCORDC) and
relationships (ACCORDRL EXTERN  which s the sum of externally related GAC concepts
CEXTERNCY and relationships cEXTERNRYand INTER, whiclh is the ratio of teacher-expert plus
externally retated relationships to teacher-expert plus externadly related concepts [1e. (ACCORDR +
EXTERNR) + (ACCORDTC + EXTERNC)H|.

Insert Table 3 here

Bivariate regression analysis where ACCORD was regressed on the independent variable “type
of mterview " (TYPEITV) failed trreveal TYPEITV as a statistically significant predictor th = -3.059: p
= 467 R = 017y, i ¢ the interview that emibedded a concept mappine proeess did not result in a
statistically significant increase m explication of the teacher-expert concepts plus telationships that
comprised accordance of conceptual understanding. TYPEITV alse tailed to predict the explication of
cithar ACCORDC (p = 3210 or ACCORDR (p=.679). Actually. the data in cach case appeared to
favor shightly the type of interview that did not cmbed o concept mapping process, as iltustrated by
comparing the accordance measn values for POSTICCT and POSTIMCT (Table 3y

Bivariate regression analysis where EXTERN was regressed on TYPEITV also failed to reveal
FYPEITEV avastanstically signiheant predictor th = 12940 p = 542, R2=.012) The results
pavalleled those obtined for accordance ol understanding: ¢ TYPEITV also failed to predict
exphicatton of erther EXTERNC (p = 534 or EXTERNR (p = .565), and (b) the data in cach case
appeared to favor slightly the type of tterview that did pot erubed a concept mapping process.

Bivanate regression analysis where INTER was regressed on TYPEITV failed to reveal

FYPEITV as a statsticadly significant predictor ibh = 024 p = 669, R= 006]. However, the data did




notappear to tuvor the POSTICCT group m tus case. Potential explanations tor the non-significant
findings of TYPLITV as i predictor of the measares of coneeptual understanding are discussed later

under UStudents” Perceptions of Interview

Pathfinder Network Suntlarity Index in Predicting Accordanee

Fhe multiple regression models employed o determine if students™ Pathtinder Network
stimilanty indes (PENSD mproved significantly (p <050 the prediction of ACCORD, or interacted with
TYPEITV in predicting ACCORD. were built upon the bivariate (two-parameter) regression model
utttized o mvestigate TYPEITN asa predictor of ACCORD. Descriptive statistics on PENSI (ot
stdents” completing the POSTICCT and POSTINMCT were, respectively, as follows: M = 454 (range of
250-7800 8. D = 1300 M = 4 crange of (158-733). S.D. = 1250 The group means were alimost
rdentical: results ol the independent t-test it = 226, p = 823y showed they did not ditter significantly.

The teacher’s Pathtinder Network (e the expert referent) against which all students” Pathfinder
Networhs were compared to generate cach students” PENS s illustrated below as Figure 3. Figures 4
crd Sillustrate. respectively . the Pathiinder Networks of the two students who had the highest (.786) and
Jowest 158 PENSTvalues. A visual inspection of the wacher-expert Pathfinder Network (Figure 3)
and Frgure 4 suggests whigh degree of global similarity (Goldsmith et al., 19910 exists between the
cognitive structures Gelatve o the coneepts showny of the teacher and the student with the highest
PENSE These two acts have THhnKs in connnon and the location of most of the concept nodes (e.g..
global warming and man made) is very similar. Each net locates chlorofluorocarbons (CFCs) most
centredlycand interlinks itimost extensively wath neighboring concept nodes,

Insert Frgures 3-5 here

Constderable dissnudanity appedais o exist i cognibive strecture between the teacher and the
ctudent who had the Towest PENST oliigure Siowith only 2 finks common to both nets. This student’s net
also has fewer total ok than either of the nets set torth i Figures 3 and -4 This illustrates that the
Paitihinder atgorithm. which transformed this stadent’s coneept ratings into o structural representation.,
cotamed fewer Tirks thian was the case tor the teacher and student represented by Frgure < As sach. this
stadent's ibigure Sy coenmmve structine refative o tie coneepls shownappears to be less interrelated than
that ot the teacher or other student. Addinonally . unlike the netem Frgures 3 and 4, this student's net
wierhnks to the greatestdesree and focates most centrally the concept node "nm-made " with CFCs
acenpyimy a space on the periphers. This stadent also had the Towest ACCORD value of all students
whe completed the concept mterview s, Converselyv, the student with the Tnghest PENST was

corstderably above the mean vanee for ACCORD.

‘)
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The results from multiple regression analysis, where ACCORD was regressed on TYPEITV and
PENSL showed that PENSEimproved significantly (h = 42.286: p= .003: R2 = .260) the prediction of
ACCORD over a two-parameter modcel that contained TYPELTV as the sole predictor. The findings
from mudtiple regression analysis that tested for the interaction “TYPEITV x PENSE i predicting
ACCORD revealed that it was not worthwhile (h = 7.004: p = .821; R2 = .002) adding this predictor 1o
the regression model.

During data analy wis, the investigator became interested in whether PENST also would improve
stenmificantly (p < .05 the prediction of students” scaled scores (verbal and total) on their most recent
take of the California Achievement Tests (CATY. Post hoc multiple regression analyses <howed that
PENST did improve significantly the prediction of both the verbal (p = 001) and total (p = .003) CAT
sceres. These post hoc indings coupled with the fact that PENST was a strong predictor of ACCORD
lend additional support to the utitity of Pathfinder Network structural representations of knowledge. and
most spectfically the validity of PENST us measures of school learning (Jonassen et al.. 1993).

Gotdsmith e al. (1991 State that "the validation of a structaral assessment should occur within
the context ol acquiring general classroom knowledge” (p. 94). They also contend that "the validity of
the structural approach is better evaluated if the concepts used to derive the structure are only o sample
of the set of concepts onwhich performance is assessed™ (p. 94 and state further that such performance
assessment should reflect the breadth of understandings and skills that are desired refative to the content
arca being assessed. In this study . PENST was derived from the students” concept relatedness ratings of a
crittcal subset ot eight "central” concepts. which were embedded in the measure of accordance
(ACCORD) of conceptual understanding. Here, PENST correlated strongly (=515, p=.003) (o
ACCORD  Goldsmith et al take this correlenon as the measure of predictive validity ef the structural
dassessnient.

Grven the algorithm [nin-1) 7 20 where noapuals the number of concepts] for deterimining the
nuntber of concept piirs to be rated to generate the measure of PENSIL itis ideal if predictive validity for
PENST can be established based on a refanvely small number of representative concepts {Goldsmith et
al 199Dy, This scems especiatly important in the case of working with younger learners. where time on
task s tnore of anissue. B this stwdy Ca relatively high level (= .518) of predictive validity was
established for PENST from the ratings of just 8 concepts ti.e., 28 coneept pairs), which were deemed by
the classroom feacher as being most central nan expert concept nyap constracted by that teacher. By
comparisor, Goldsturth et al. estimated that between 1S and 20 central concepts would be necessary 1o
achieve this level igr= STy of predictive vahdity for the measure of Closeness on cotrse grades in a
college-level rescarch psychologs course. Hereo svbiects rated 30 concepts (re. 480 concept pairs)
deemed most central to the domain by the instructor, and the resutung predictive validity for Closeness

wis 4
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Goldsmith ctal donot specify what procedure wis utilized by the psychology course mstructor
to extract those 20 “cential™ coneepts [rons the Lurger body of domain-specific knowledge, Perhaps the
consttuction and verification by the teacher of an expertconeept map in this study lactlitated the
subsequient selection by the teacher ol those concepts thit traly were most central to the donain (CHCS
and therr role in GAC) and accordingly . for which the concept lulululnc» ratings woukd ultimately
vicld a PENST with substuntial predictive power. On the other hand, perhaps the high predictive validity
of PENST for ACCORD was due to the Tact that both predictor (PENSTY and criterion (ACCORIN were
dertved through comparison to teacher-based suuctural referents--the teacher's Pathfinder Network and
Cenpert” coneept map. respectively,

Students Perceptions of Interview

Fhe findimgs of students” pereeptions ot the interview process ds o means o (el what they knew.
as clictied through the questions i Table 20 are presented in detatl elsewhere (Ryve, 1995y The findings
~et forth below gencerally are Timited to POSTIMCT students” views of coneept mapping as an inlerview
component, and are tnangulated with the results from regression analy ses in the conclusions section.
However, also important to the condlusions of this study was the value that all students ascribed to the
“quiet ume” for thinking and jotting down thoughts about CECS prior to the considering the iterview
guestons, Thts component was perceived as hielptul by the most (8249 POSTICCT students (n = 170,
and by atmost 607 of POSTIMCT students (n = 17). Students supported this perception with a \'uricl}
of reasons, ranging from using this think tme metacognitively (to brainstorm and organize thoughts), o
using ithe notes as an aid wiide constdering specific interview questions. Prior to reporting the findings,
of POSTIMCT students™ perceptions of the concept map as an intesview component, brief attention s
given to the structure and vanety of eoncept maps that emerged from these interviews,

Aaps Emergent from POS

Y
crgent lroim

LIMC

The 7 concept niaps prepared by the students during their POSTIMCT varted somewhat in

structaee and ever more soin the number of concepts and concept relationships . The mean nuniber of
concepts per map was about 1O with arange of 310 17 The number of concept relationships ranged
trom 2 o IS owith aomean of 90 Few of the conecirt relationships inany map were explicated as cross-
Bk o Seven of the maps contained to cross hinks and the remainimyg 10 maps exphicated wmean of 2
cross Ik
Freures 6 thyough 8 are concept maps prepared by three students dering the POSTIMCLL and

¢ heen selected toiflustrate the variety of emergent maps in terins of framework and organization,

branching or progressive differentiation of concepts, and cross-linking or integrative reconciliation of

concepts oNovah s 199 Preare 0 llustrates one of the Teast complex ol dl coneept maps produced by
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‘
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the students. Althaughoits hievarchically framed. itis basicadly Yincar with mmimal branching of
coneepts and no cross-links. Approsinately one-half of the maps were chietly hierarchical in structure.

and most expheated more horizontal breadih than the map in Frgure 6.

Figure 7 iltusirates one of the more complex of all maps produced by the students 1t is
hierarchically tramed and represents the extreme 1 tevms of articulating clearly the fevels in the concep
hicrarchy. In many of the imaps that were hierarchically framed, it was difficult to discern levels in the
coneept toerarchy. However this may have been due in part to the interviewer's remarks 1o the students
to not worry about being neat.” The interviewer did not want students to become preoccupicd with
neatness. as this would detract from hinking and talking about CFCx.

Insert Figure 7 here

The map dlustrated i Frgure 81 a hyvbrid (Westetal., 1991 of web and hicrarchical structures.
as was the case in several of the other maps. [teaplicates the extreme m terms of cross-links, but clearh
all of the Tinks with artowheads are not true cross-tinks. The use of arrowheads on linking linesis a
conventio, to distinguish cross-hinks from other coneept relationships (Novak & Gosin, 1984y, and the
students o this study were appraised o1 this convention. This miap also was interesting because CEFCS
were not explicated as the focus coneept in the map--that concept appears to be “strato. ozone. In the
mdjority of maps produced by the students, CFCS was the focus or superordimate.

Insert Frigure 8 here

POS FICME Students” Pereephions ol Mapping
The first mterview question (Table 23 to ehicit students” perceptions was worded in i very open-

cnded manner. the mtent being o avord cucing sidents to think about any specific component. In

tesponse. over HG of the students stated that the concept map was helpiul in come wiy  Gne of these

stdents, Tacitle, speaks o the “graphic organizer”™ tWandersee. 19900 feature of a concept map:

Luctlic: Anditwas zood to do a concept map. too. because it kind of helped vou sort sout
thoughts out .. ~oyou can kind of see what you are thinking
L]
D
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Lucille’s comment suggests that she employed the map metacognitisely- as o "strategic action of the
reasoner” (B lon & Linng 1988)--16 help organize her thoughts. Jane mfers that the concept map plased

arole m Uspread-of-activation” (Gagne. TO8S) Teading 1o further recall of her knowledge:

June: (W e Ewounld see this one thing it would Tead to another thimg that Twould, mavhbe.
Jdidn't think about betore.

Questions 2athrough 2d (Table 2y attempted to focus students” attention on w hat they helicved
was helpful orwas m need of change moregards o specific intervicw components (¢, notes taken
Jurmg guiet times relflective responses provided by interviewer, concept map). and ashed them to
provide reisons for ther answers, Stdents’ responses here were pooled with responses o the first
question to deternnne the prevalence wath which all POSTIMCT students perecived speaific interview
components as helptal. This pooled data revealed that more students (761 reported concept iaapping
to be helpfat than any other interview component. Reasons provided by the stedents suggested further
the utitity of the corcept map s fostering metacognition and triggering recalt of what thes had learned
about CECs Forexample, Robetti speaks to the nietacognitive nature of the coneept map as she
rdentifies 1t as an image she used to help her monitor and cheek on the completeness of her recall of

knowledge:

Roberta:  Well theno T mean when veu look at the map and then you can abwavs find something
vou missed. I vou go over it a second time, then you are ustally able to think
through your memory and nake sure you did not miss anything.

Farl also tatked about the wap as an mmoge to facititate recall:
Fark: [Hust looKing at it and secng all the words helped me to think of the other terns,

A post hae inspection by the interviewer ef the students” notes, jotted down by the student during
the “qunet time” reseaded that Tour (2-190) students chose to sketeh a coneept map (as opposed 1o just
writihe notes) as wvelnele to record some ot thers thoughts during the quiet time. The interviewer did
not cue any stadents about usimg a coneept map s one option for recording their thenghts during the
quict time. He semply stated that the notes mright be words, phrases. a diagram--most important was to
make the potes "uselul tovouw”  Howeser, perhaps the interviewer's mention that students would be
cotstricting a concept map daving the mierviean stomulated this acoion. Alternativeiy. perhaps thinkig
about CHCs brewshbt to smind miages ol coneept maps. or subsets of concept relationships explicated
theren, that had comprsed a portion of the instraction on CECS Regardless. this choice speaks to the
vadue that these students praced on the coneepl map as a means (o help them think and wemember about

CHOS Tnterestimgly g post hoc inspection of the POSTICCT stndents” “quiet time™ notes also revealed
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that three (184 ) students had chosen to e notes. Figure ailustrates the coneept map
“notes” prepared by one of these students. I the investigator's opinion. it is unlikely that an eighth
grade student could have constructed " lront seratch” this entire concepl map during the briet 16 s
uict time period, without utilizing mental fimages of some of the node-link-node networks explicated
therein. Accordingly, the investigator belicves that components of this student’s map had been smaged
by the student from science instraction on CECSL This may have been the case witls the other two
POSTICCT students who drew concept maps during the quiet note-taking time. One of these ather

studentss Ariell had this to say about the utility of concept maps:

Interviewer: Was there any thing that comes to mind that helped yvou remernber, think. or fafk
about CEFCS [in this interview]? Anvthing that you did or [ did?

Ariel The concept maps that Mrs, fmy teacher] gave us. Lake and <he kept telhng as o
go over them and do thenr and do all these for homework. So. that kind ol helped
me. . Sosthats why Tike Tdid that {drew the concept map for my notes]. caose 1
remember. And that's what Tdid my test on.

Ariel s comment suggesis she niay have imaged some concept maps from her science class
Insert Figure 9 here

The remainder of the interview questions for the POSTIMCI students honed-in-on the coneept
wap. inorder o elicit further comiments on this interview compoenent and to ascertam if and how 1he
concept map might have affected the students answers and thinking to the interview questions, Sivs -
tive (031 percent of the students said that they believed their answers to the interviess questions wonid
have been different than they gave today had the concept mapping not been a component of the
micrview . Conversely, 29% stated the i answers woulbd have been the same Pasticipants generally were
not ermyphatic in responding one way ot the other. One student. Samuel, who said his answers would

l:ve been “sortof 7 the same. added thas:

samuock: Welll Tl T hnow iomy head but T thinl that feoneept map] hedps mie see and Lo
they relate to cach other.

Lake Samuct some of the students who believed their snswers were different doe to the concet
mapping mierred that the visual nature of the map was an asset o them while thinking about o

responding o the iternview questions, Mollie put it this way:
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Moltie: [} could look atwhat T'had saud and so 1 could somaeber what Tdidn't say and - wo
I'wouldn't leave anything cut.

Julio provided evidence of her metacognitive knowledge inreferring to the visual nature of the map as a

helper in explaining her answers:

Juha: [Us caster for me to ook at something and explain it than too just tnnk off the top of
iy head.

Other of these students gave evidence that the visual nature of the map triggered in them i spreading

activation process  Carlev serves as an example:

Carles: Ui, Pd ook at one prece ol paper--iCd make me think of something clse.

The students who believed their answers differed due o the concept map often attribuied this difterence
to the fact that the map or mapping process refreshed their memory or simply helped them to remember.
Here, some students referred to the value of the concept connections explicated in the map and that this
feature of the concept niap was @ valuable addition to the notes they had tuken during quiet time.

fuciie’s cosponse serves to atlustrate this:

Lucille:  Wellowhenever we made the concept map. it kind of let me think about what, what {
could like connect things from. And that Kind of helped e remember what to
answer the questions--if Thad forgotten some things.

AMost of the students who bebieved that the concept mapping component of the interview did not
change their answers to the interview questions stated that the map had no influence on their thinking
These individuats sasw the mapping as just restating what they had verbalized, or that the notes they had
ket durmg quict time had the same influence as did the concept mapping on their answers,

One student suggested that the mterviewer could consider giving the students a word hist to use
mconstructmy the map. Anaother studeit wanted to have a fill-m-the -blank concept mapanstead of
butlding one from scraich. This student suggested the folowing as arecommended modification to the

concept mapping procedures cinpleyed in the nterviews:

Jack: Well, T think like vou should have Tind out what we are doing i science and hase
like iy be areview thing to help vou remember everything. Like make areview
concept map where vou fithin the blanks. instead of just making up your own from
seratel.
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Jack's suggestion paralleied some of instructional activities he engaged in to build competence in
concept mapping and in studying material from the STS-GAC curriculum. as revealed by the interviews

with his teacher:

Interviewer:  Now. if you would please tell me. for the concept mappmg . how you developed
their [your students'| competence in it.

Teuacher. And then T started giving them--at the end of the [science Junit--1 would give themn
a concept map with boxes with connectors in place, some terms in place. and then
a listol'terms at the bottom that they needed to put in the appropriate box to show
that they understood the connection. .. Then we graduated from that 1o some
with just the boxes filled in and they did the connectors. And then ultimately to
Just, "Here is a list of terms that vou should be able o connecet.”

Interviewer: Now,in the GAC unit. in general to this point, could vou just qualitatively
deseribe the extent of your use of concept mapping. For example, students
viewing concept maps. students making concept maps.

Feacher: L took a number of the vnes that were in the teaching materials and whited out
boxes and after we had gone over a lesson, gave it 1o them and said, "This is a
stummuary of the lesson and you go back and fill in the boxes”. .. So. I felt for the
Kids that had difficulty taking notes. as many eighth graders do, that that was there
back up. That that became their security blanket.

Fhe STS-GAC curiculum and guide on concept niapping that the mvestigatoi provided to the teacher
did not suggest this particular application of the concept map tool, however, the investigator has
observed other curricula that employ concept maps in this wav. The excerpt that follows from the
mterview with Carley suggests that students did hone-in-on these maps in studying about CECs and their
role 1 GAC,

Interviewer:  Was there anvthing, be real frank with me. was there anything that was helptul”?
Fhat is. helped vou remember. think and talk about CFC'S?

Carley: I'he coneept map helps.

Interviewer:  Okay now. for what reason was that helpful 1o vou?

Carley: F'me like at night tme when we're studving this. I'd go home and I'd study it And
ttwas a ot caster than o have to read vou know, the chapters in the books and
stuft.

Carley™s comment suggests further thar she valued the coneept map as a study atd. 1eis likely this value
also was held by varous ather ol her classmates. Evidence for this comes from comments made by her

ceacher durig the teacher mterviews that foliowed the completion of instruction:

’)(‘
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Teacher: And today o we started a new chapter on sunple machines, and that was the first
thing they sud - Cause Tsand, "Get out paper we are going (o tihe some notes.”
Fhey said: "We going to do aconcept map?” [Laughter] And I said, "Not right
NOW, We are just going to go with some straight notes.”

Interviewer: Do you sense that the majority of them enjoy the concept mapping or not really?
Or they seem to ah. you sand they ask you

Teacher: Yeah. they seem to enjoy it They seem to understand it

The mvestigator also engaged in conversations with the teacher after data analysis. in order to
vertfy further his contenuon that the students valued concept mapping. Here, the weacher revealed that
aver one-half of the students who rarticipated m the study went on to develop on therr own (e,
unsolictted by the wcachery coneept maps for sabsequent units of study in science class. Further. the
teacher reported that often these students chose to use such maps as opposed materials developed by the

tent publisher to study from for science unit examinations,
Conclustons and Recommendations

To the mvestizators” knowledge, no other studies have emploved concept mapping as an
interview tool i the manner reported above. Therefore, the conclusions that follew are tentative in
nature. and warrant further rescarch I this study. aninterview thut embedded a concept mapping
process feompared o an interview that excluded this process) did not effect statistically significant (p <
035 changes in the externalization of students” conce ptual understandings. Considering the potential
nopact on cognition of the coneept map ol the investigators” were surprised that the concept mapping
process fuiled to enhance the externatization of students’ conceptual understandings. The coneept map
provides a graphic visual of structural knowledge that, i theory, extends working memory (Johnson &
Thomas, 19920 Jonassen et al, 1993y As such, it seems logical that it would trigger spread-of-activation
and enhance recall cAusubel etal 1978 Furthermore. the act of coneept mapping should force entieal
thinking {Novak & Gowin, 19845, and accordmgly. enhance the externalization ol interrelationships
anongst cone spts. The concept map as evolving product and process in the interview setting also
should enhance mictacognition (Flavelll TOSST Novak, 1990b: Wiandersee. 1990).

The investigators” conclude that the follow g contributed to the finding that the concept
mapping component of the post-instruction interviews had no additive effect on students” recall and
cxphication @ o The guiet time interview component, offered to students prior to the posing of the
meerview questions. facilitated a state of “mental readiness™ and Likely enhanced the externalization of
dl students post-instractional understandings: ¢by The interview topic--CFECs and therr vole in GAC--
wirs too frmmned g focus, and as such, did notstimuldate or atlom for much elaboration: (¢) Iixtensive

cvpostie o coneept mappimg ducing STS GAC instruction resulted in students fearning well-




“anchoring™ an senantic memory Johnson & Thomas. 19925--matertal on CECs and their role in GAC.
and pertions of concept maps from instruction may have been imaged (West et al.. 1991)

Another factor that might explain these non-significant findings deals with the levels of cognitive
outcomes associared with the subjectimatter. Perhaps the interview questions used to elicit conceptual
understandings did not engage sufficiently thinkmy at the application through evaluation levels, and as
such. coneeptmapping offered no advantage over knowledge that was available duc to rote learning
(Novak. 1990bY. Schmid and Telaro (1990) found that the instructional strategy of concept marsaing
significantly enhanced performance only on application and analysis level questions.

Other reasons that may have accounted for these findings of non-significance were that (2
concept mapping was stll arelatively new strategy for these eighth grade students. and (by such students
are used to rote fearning (Novak. 1990b). Novak contends "Junior high school students have become
adapted to primarily 1ote-maode learning und it is not casy to move thein to meaningful learning
strategres™ (p 4 1. Ttis possible that the findings from the interviews may have been different if
students would have been involved in constructing their own concept maps over a longer instiuctional
period. Finally. given their exposure during instruction to several concept maps of the “instructor-
prepared” variety. 1t Is possible that some students had corne to view concept maps on GAC as being
somewhat static--more as finite entities than as a tool for elaborating their knowledge. Schmid and
Telaro (1990) suggest that the use of teacher-prepared miaps will resuit in "the same kind of rote
memorization already so common in the schools™ (p. 84). However. the meta-analysis of concept
mapping studies by Horton et al. (1993} do not support this contention- they concluded that student
prepared concept maps were not superior to instructor prepared maps in effecting student learning gains.

Despite the fact that TYPEITV was not @ predictor of any of the students’ measures of conceptual
understandings. the interview component perceived as helpful by the most POSTIMCT students was
concept mapping. The reasons students provided as to why the concept mapping was helpful indicated
that they used the map metacognitively and that it triggered the spread-of-activation process.
Additionally. the majonty of POSTIMCT students believed that the concept mapping component ot the
mterview resulted in their answers to the interview questions being different--and inferred the mapping
had a positive impact--fremy what they would have been had concept mapping been omitted from the
intervica  Post hoce analyses. where gender and ability level were regressed on cutegorical predictors
caded to reflect the presence or absence of these pereeptions (concept map helped or resulted in answers
heing differeno, revealed that these perceptions cut across ability level and gender (Rye. 1995).

The investigators recommend that future research should examine the effectiveness of the
POSTIMCT protocol witli students who dre nol exposed to any concept maps of the “instructor-
prepared” varrety. and perthaps not even assigned any concept mapping activities, during instruction on
the topac tor which understandings we being examined. This condition would necessitate the

development and venfication of student competence m concept mapping prior to such instruction. Ideal
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conditions i such w stady might also include the followmyg: ) students would have constderable
previous expericnce i developing concept mapsicib) concept mapping comperence would be verired
through a task developed and assessed by the investigator. (¢) the mterview topic would have greater
breadth than that in this study. (4 the interview questions would engage more so the application and
analysis levels of cognition, and (e quict tme™ would be examined as an independent vartable, ic..a
4-group design would be employed to allow for the examination of any separate inpacts ol "type of
mterview” (e with or without a coneept mapping process) and “quict thime™ on the externalization of
students” conceptual understandings, In regards to the exclusion of explicit iflustrations or assignments
that involve the concept map ool once students are competent in concept mapping. the findings of this
study suggest that studenes will employ concept mapping on their own. Therefore. the absence during
instruction of such visuals or assignments is no guarantee that instruction will has e excluded exposure to
CONCePt mapping.

The measure of simitarity between student and teacher Pathfinder Netw orks--PENSE--was a
worthwhile addition to the two-parameter regression model for predicting the measure ol accordance
{ACCORD). PENSI had predictive validity (Goldsmith et al.. 1991 for performance in the interview on
the measure of ACCORD. and proved to be a reliable confirmatory measure (Jonassen, 1993) of the
degree to which stadents held an ideal post-instructional understanding. The predictive validity of
PENST tor ACCORID is considered quiet highe given that only 8 concepis formed the basis of the
concept relatedness ratings that were transformed into Pathtinder Networks, and ultimately to the
measure of PENST (Goldsmith etal., 1991). The investigators infer that the knowledge engineering
process of constructing un expert concept map with the teacher facilitated the selection of concepts for
Pathfinder analysis that, in the form of concept relatedness ratings. were associated with substantial
predictive power.

More research is needed that incorporates the concept map and Pathfinder Network teols.
Ideallv, such investigations would include a pre- to post-instruction comparison and assessments against
capertielerent structures, This would make a contribution to the rescarch base that shows students
know ledge structures become more like their instructor’s and/or other experts as they develop expertise
(Goldsmith & Davenport, 1990y, Complementary o this would be research that attempts to rephicate or
expand the findings of this study. where an expert conceptinap s utilized to ideatify domain-specific
concepts for coneept relatedness ratings. and these ratings are transformed into Pathtinder Network
know ledge measures te.g. PENSDH and regressed on performance mcasuares to determine predictive
validitv. Further. such research could build upon that reported by Acton et al. (1994) by employing
tore than one expert referent for determming PENSE and examining whether or not referents other than

the mstructor resubred e ercater predictive vatidity Yor PENSE
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GA 0y O4

Xia Sr Oy Xi Ry

GB 03 O4
Key to Symbols
Xty = Instruction of students from foundiation/awareness lessons.
St = Student recruitment for study.
; 01 = Concept interviews with students prior to investigation lessons,
: Xij = Instruction of students from STS-GAC investigaticn lessons,
] Ry = Random assignment of students completing O] and Xj to GA or GB.
GA = Group of students to undergo, after investigation lessons, 4 concept interview
that would not embed a concept mapping process.
GB = Group of students to undergo, after investigation lessons, a concept interview
that would embed a concept mapping process.
0> = Conceptinterviews with students in GA after investigation instruction.
O3 = Concept interviews with students in GB after investigation instruction,
04 = Relatedness ratings of GAC concept pairs.
Figure 1. Research design
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Questions to Ehicit Students' Conceptual Understandings about CFCs in All Interviews

I In your thinking, what are CFCs”
2 Wheie do CFCs come from?
3 What, if any, problem is caused by CECs?

3a How do CFCs cause {problem cited by student)?

3b I believe (problem cited by student) is a problem because.

4 Now, is therc anything else you remember or would like to tell me about CFCs?

5 What else. if anything, would you like to tell me about any problems caused by CFCs?




Table 2

Questions in Post- Instruction Concept Interviews to Elicit Students’ Views on the Tnterview as 2 Means (o
“Tell What You Know”

Questions Posed to All Students

i What are your views and opinions about this interview as a way to help YOU think and talk about
CFCy?

2 Tam interested in things you found helpful in the interview as well as things you helicve should be
changed or added to make the interview more helpful,

(a) What, if anything. do you believe was helpful?

(b)y For what reason or reasons was ¢ helpful?

(¢) What, it anything. do yvou believe needs to be changed or added?

() For what reason or reasons should I change or add (___ )?

Additional Questions Posed to Students Undervoing POSTIMCI

3 What, if any. (other} comments do yo. have about the concept mapping that you did as a part of this
interview?

4 Imagine that you went through this same interview. but without doing the concept mapping:

() Do you believe your answers to the questions about CECs would have been the sarme s you gave
me today, or would your answers have been ditferent?

(b) Please tell me your reasons for saying this ?

tc) It student responds “different” to (a). ask: In what ways would vour answers have been different it
we had not done the concept mapping?

5 Inwhatways.if acall. did you make use of the concept map during the interviesw ?

6 How. if at all, did the concept map influence your thinking to the interview questions about CFCs?

~J

In vour epinion, was drawing and having the map helpful or not helpful to yvou in telling me what vou
: n, g £ ; g ;
hnow about CIFCy?

ta) If students says “helpful™ask: For what reason or reasons was having the map helpful?

(b) If student says “not helpful™ ask: What, if any. ideas do you have that WOULD make
drawing/having the map helpful?
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Table 3

Descriptive Statistics for Results of POSTICCT and POSTIMCT o Dependent Variable Measares of
Conceptual Understanding.

POSTICCI POSTIMC(1
(n=17) =

Diepencdent
Vanable Range — Mean Std Dev Range Mean Std Deny
Accordance

ACCORDC £-26 18.XY 6.07 1-28 16.71 6.22

ACCORDR 1-24 14,89 6.29 2-24 14.00 6.0

ACCORD 7-449 337 12.07 6-49 3071 12.14
Extemal
Refatedness

EXTERNC 117 4.06 268 0-13 3.35 3.00

PEXTERNR 112 165 274 (-12 3.06 RIEIN

EXTERN 2-29 7.71 6.22 0-25 6.41 6.02
Interrelatedness

INTER (.29-1.04 (1.79 0.17 0.5-1 0.82 0.16

Note. ACCORD and EXTERN represent the sum of the concepts (ACCORDC or EXTERNC and
relationships (ACCORDR or EXTERNR G explicated by each student.




