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ABSTRACT 

 
The use of pre-drawn fill-in concept maps for assessing adult learning in training 

situations was investigated.  A 40-hour training course called Hazardous Waste 

Operations and Emergency Response (HAZWOPER) was taught to personnel working 

with hazardous waste and offered in various sites across the U.S.  Two types of testing 

were used, a multiple-choice format and three pre-drawn fill-in concept maps.  To 

identify differences among trainees that might affect concept map scores, the relationship 

of ethnicity, administration order of the posttests, a repeated measure of time, and their 

interactions with concept map test scores were investigated.   

For traditional testing, a 23-question multiple-choice format was used.  For the 

alternative measure, three pre-drawn concept maps required trainees to fill in 30 map 

nodes.  These maps were developed using a unique, rigorous, and systematic procedural 

framework.  The instructors offering the training used the multiple-choice test.  

Reliability for the multiple-choice test was moderate; reliability for the concept map 

measure was high.  There was a positive, moderate correlation between concept map 

posttest scores and multiple-choice posttest scores.

 v 



 

   

TABLE OF CONTENTS 

LIST OF FIGURES ....................................................................................................... xiii 

LIST OF TABLES ......................................................................................................... xiv 

CHAPTER 1 INTRODUCTION......................................................................................1 

Description of Concept Maps ........................................................................................3 

Learning Theories ..........................................................................................................3 

Using Concept Maps as Assessment Tools ...................................................................4 

Interviewer-Drawn Concept Maps...........................................................................4 

Student-Drawn Concept Maps.................................................................................5 

Pre-drawn Concept Maps.........................................................................................5 

Developing Pre-drawn Maps .........................................................................................5 

Selecting the Concepts.............................................................................................6 

Rating the Concepts in Terms of Importance ..........................................................6 

Constructing a Concept Map with Valid Contents ..................................................6 

Scoring Concept Maps.............................................................................................6 

Summary ........................................................................................................................7 

Purpose and Hypotheses ................................................................................................8 

Significance of the Dissertation Study...........................................................................8 

Limitations .....................................................................................................................8 

CHAPTER 2 REVIEW OF RELATED LITERATURE.............................................10 

How Adult Learners are Evaluated in Training Situations..........................................10 

Learning Theories ........................................................................................................13 

Introduction to Concept Mapping................................................................................16 

Types of Concepts Maps..............................................................................................18 
vi 



 

   

Concept Maps as Instructional Tools...........................................................................19 

Concept Maps as Assessment Tools ............................................................................20 

Design Characteristics of Concept Maps...............................................................21 

Assessing Achievement ...............................................................................................22 

Interviewer-Drawn Concept Maps.........................................................................23 

Student-Drawn Concept Maps...............................................................................24 

Pre-drawn Concept Maps.......................................................................................26 

Conclusion ...................................................................................................................27 

CHAPTER 3 METHODOLOGY...................................................................................28 

Subjects ........................................................................................................................28 

Description of the Course ............................................................................................28 

Measures ......................................................................................................................29 

Multiple-Choice Test .............................................................................................29 

Pre-drawn Fill-In Concept Maps ...........................................................................31 

Identifying the Concepts ..................................................................................31 

Rating the Concepts .........................................................................................31 

Constructing and Verifying the Pre-drawn Regional Concept Maps ..............32 

Scoring the Pre-drawn Regional Concept Maps..............................................32 

Procedure .....................................................................................................................33 

Pilot Study....................................................................................................................34 

Dissertation Study........................................................................................................34 

Subjects for the Dissertation Study........................................................................34 

Internal Consistency of the Concept Map Measure.........................................37 
 

Analysis Techniques ....................................................................................................37 
vii 



 

   

CHAPTER 4 RESULTS..................................................................................................39 

Analysis of Ethnicity, Administration Order, Time, and Their Interactions 

            on Concept Map Test Scores ...........................................................................39 

Evaluating Assumptions ........................................................................................39 

Analysis of Concept Map Scores...........................................................................40 

Relationship Between Scores on the Traditional Multiple-Choice Test  

            and the Concept Map Measure ........................................................................49 

Relationship Between Scores on Matched Multiple-Choice Material 

            and Concept Map Material...............................................................................50 

Secondary Analyses of Multiple-Choice Test Scores..................................................50 

Trainee Comments .......................................................................................................51 

CHAPTER 5 DISCUSSION ...........................................................................................54 

Summary ......................................................................................................................54 

Methodology..........................................................................................................54 

Results....................................................................................................................55 

Discussion of the Results .............................................................................................56 

Quality of the Concept Map Measure....................................................................56 

Meaningful Learning .............................................................................................58 

Ethnicity and Administration Order Effects ..........................................................59 

Using Pre-drawn Concept Maps to Assess Adult Learners ...................................59 

Limitations of the Study...............................................................................................61 

Implications for Future Research.................................................................................62 

Data Collection ......................................................................................................62 

Changes to the Measures .......................................................................................62 

Testing Requirements ............................................................................................63 
viii 



 

   

Assessment of Gender, Ethnicity, and Administration Order Differences 

            in Concept Map Scores ..............................................................................63 

Validation of Pre-drawn Fill-In Concept Maps .....................................................53 

Conclusions..................................................................................................................54 

APPENDICES..................................................................................................................66 

APPENDIX A   ANSWER KEY FOR THREE REGIONAL PRE-DRAWN 

             CONCEPT MAPS...............................................................................................67 

APPENDIX B   HAZWOPER CONCEPT RATING FORM......................................71 

APPENDIX C   PRE-DRAWN CONCEPT MAPS USED AS PRETEST 

             AND POSTTESTS..............................................................................................80 

APPENDIX D   HAZWOPER COURSE CONSENT FORM.....................................86 

APPENDIX E   PILOT STUDY .....................................................................................89 

The Pilot Study ............................................................................................................90 

Subjects for the Pilot Study....................................................................................90 

Measures for the Pilot Study..................................................................................92 

Procedure for the Pilot Study.................................................................................92 

Results and Conclusions from the Pilot Study.......................................................92 

Internal Consistency of the Concept Map Measure.........................................92 

Gender and Ethnicity as Variables...................................................................93 

Effects of Administration Order ......................................................................93 

Final Design ...........................................................................................................93 

APPENDIX F   COMMENTS FROM PARTICIPANTS ............................................97 

REFERENCES...............................................................................................................100 
ix 



 

   

 
LIST OF FIGURES 

 
 
Figure 1.  Eight content areas of Hazardous Waste Operations and Emergency Response 

derived from the course material. ..............................................................................31 

 
 

 
 

(Note: This page is optional.) 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

x 

 



 

   

LIST OF TABLES 

 
  Table 1.  Concept Rating Scale........................................................................................31 

  Table 2.  Trainees with Missing Data ..............................................................................36 

  Table 3.  Sample Size by Gender and Ethnicity in Dissertation Study............................36 

  Table 4.  Cell Characteristics for Concept Map Scores ...................................................42 

  Table 5.  Source Table for Concept Map Measure ..........................................................44 

  Table 6.  Mean Percent Correct Scores for the Concept Map Measure, Ethnicity by 

Administration Order Cells........................................................................................46 

  Table 7.  Mean Percent Correct Scores for Concept Map Measure, Time by Ethnicity 

Cells ...........................................................................................................................48 

  Table 8.  Cell Characteristics for Multiple-Choice Test Scores ......................................52 

Table E1.  Sample Size by Gender and Ethnicity in Pilot Study.......................................90 

Table E2.  Order Effects ....................................................................................................92 

Table E3.  Results for Pilot Order Effects .........................................................................95 

Table E4.  Possible Variables for Dissertation Study ........................................................96 

  
 

 
 

(Note: This page is optional.) 
 
 
 
 
 
 
 

xi 
 



 

1 

 

Chapter 1 

Introduction 

 
(The text begins on this page) 

 
 



 

   

References 

Acton, W. H., Johnson, P. J., & Goldsmith, T. E. (1994).  Structural knowledge 

assessment:  Comparison of referent structures.  Journal of Educational Psychology, 86, 

303-311. 

American Society of Training and Development (ASTD) (July, 1990).  Evaluation 

framework, design, and reports.  Training and Development, 44(7), 15-31. 

Anderson, J. R. (1983).  The architecture of cognition.  Cambridge, MA:  Harvard 

University Press. 

Anderson, T. H., & Huang, S-C. C. (1989).  On using concept maps to assess the 

comprehension effects of reading expository text.  (ERIC Document Reproduction 

Service No. ED 310 368). 

Ausubel, D. P. (1968).  Educational psychology:  A cognitive view.  New York:  

Holt, Rinehart, & Winston. 

Baker, E. L., Niemi, D., Novak, J. H., & Herl, H. (1991, July).  Hypertext as a 

strategy for teaching and assessing knowledge representation.  Paper presented at NATO 

Advanced Research Workshop on Instructional Design Models for Computer-based 

Learning Environments. 

Barenholtz, H., & Tamir, P. (1992).  A comprehensive use of concept mapping in 

design instruction and assessment.  Research in Science and Technological Education, 

10, 39-52. 

 
 
 

100 


