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Thoughts of an Early Researcher in 
Physics Education:

“…the important outcome of this study is not the fact 
that these students do not generally have scientific 
concepts, but the knowledge of just what type of 
notions exist, for it is on these vague and naive 
notions that more complete and ultimate scientific 
concepts will have to be built.…



“…The fact that a concept has not become scientific 
through the study of science does not necessarily mean 
that no conceptual development has occurred. In some 
cases it is possible to trace development in significance 
from ‘absolute absence of content’…through various 
stages of vague notions up to perfectly scientific 
concepts.…



“…Certain common, vague or erroneous notions of 
science students were found to have been held 
before the period of formal science instruction, that is, 
the presentation of the appropriate subject matter 
appeared to have had no effect on original notions. 
Instruction specially directed at these erroneous 
notions seems to be necessary in addition to the 
ordinary presentation of subject matter. The mere 
statement of a fact or hypothesis or the routine 
laboratory demonstration may not necessarily induce 
the pupil to reconstruct his preconceived notions of 
long standing, in fact, it may even confuse him still 
more.”

[O. F. Black, The Development of Certain Concepts of Physics in High 
School Students: An Experimental Study (1931)]



Evidence-based Instruction in Physics: 
The Beginnings

• Physics educators in the early 20th century argued 
passionately about optimum methods for teaching 
physics

• Around 1910, educators began to recognize the need 
for systematic research to improve the quality of 
physics instruction, and to help resolve the disputes

• A few dozen research studies were published from 
1910-1945; they focused on (1) documenting the 
degree of student learning, and (2) testing the 
efficacy of newly developed instructional methods 
and curricular materials



Early Assessment of Students’ Thinking

“I have generally found very simple questioning to be 
sufficient to show the exceedingly vague ideas of the 
meaning of the results, both mathematical and 
experimental, of a large part of what is presented in 
the texts and laboratory manuals now in use.”

H.L. Terry, 1909
Wisconsin State Inspector of High Schools



Probably, one of the most significant truths 
learned through our recent [physics] testing 
programs, is the failure of students to 
accomplish any large fraction of the supposed 
requirements of courses pursued. In other 
words, what the teacher thinks he is teaching is 
usually many times what he actually teaches. 
Or, the other way round, the pupil is learning 
but a very small part of what the teacher thinks 
he is learning.

[A. W. Hurd, “Achievements of students in physics,”
Science Education 14, 437 (1930)]



Early Research on Physics Learning
• Most research focused on analysis of high school 

instructional methods (e.g., Clemensen [1933]; 
Hurd [1933])

• There were a few investigations of high school 
students’ ideas in physics (e.g., Black [1931], 
Kilgore [1941])

• Only a small number of investigations of physics 
education at the university level (e.g., Hurd [1927-
1930], Rudy [1941], Kruglak [1950-1970])



Early Research on University Physics Students

• A. W. Hurd (1927-1934):
– Taking lab or changing class size had no significant 

effect on performance in college physics courses

• J. Rudy (1941): 
– University students who had taken high school physics 

received higher grades than those who had not taken 
high school physics

• Haym Kruglak (1950-1970):
– no difference in performance on a theory test between 

students who had lab, and those who did not

Research at the university level was not tied to curriculum 
development or changes in instructional practice



Examples of High School Research Methodology

• Hurd (1933): Develop curricular materials (workbook, 
etc.) directed at desired “applications-oriented”
outcomes, test efficacy using pre- and post-tests

• Kilgore (1941): Develop and administer concept test 
(pre- and post), to determine efficacy of concept-
focused instruction using “Organization Sheets”

• Black (1931): Investigate students’ ideas in depth; 
test efficacy of special instruction emphasizing 
qualitative analysis of everyday situations

• Clemensen (1933): Develop concept-focused “study 
outlines” with a guided-question format, test efficacy 
using standard diagnostic tests



Examples of High School Research Methodology

• Hurd (1933): Develop curricular materials (workbook, 
etc.) directed at desired “applications-oriented”
outcomes, test efficacy using pre- and post-tests

• Kilgore (1941): Develop and administer concept test, 
test (pre- and post) to determine efficacy of concept-
focused instruction

• Black (1931): Investigate students’ ideas with written 
instruments and interviews, test efficacy of special 
instruction

• Clemenson (1931): Develop concept-focused “study 
outlines” with a guided-question format, test efficacy 
using standard diagnostic tests



“In the [usual treatment], coherency is sought 
by organization around abstract principles or 
laws; in this unit, ‘Electric Lighting Systems,’ it is 
sought by organization around topics of 
everyday interest. Here principles are 
introduced to explain; in the conventional 
textbook, principles and laws are the major 
interests.”

[A. W. Hurd, Cooperative Experimentation in Materials 
and Methods in Secondary School Physics (1933)]
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WORK,TEST BOOK
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•	Kilgore (1941): 
(1) Create and administer concept test, pre- and post-instruction; 
(2) Carry out concept-focused instruction that made use of self-developed "Organization Sheets" emphasizing "Important Principles of Physics" [mostly expository, with a few questions]
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•	Black (1931): 
(1) Investigate students' ideas in depth using written instruments and oral interviews; 
(2) test efficacy of special instruction emphasizing qualitative analysis of everyday situations
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[1933]



[1933]
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•	Clemensen (1933): 
(1) Develop concept-focused “study outlines” with a guided-question format;
(2) test efficacy using standard diagnostic tests








"Remember: You are not trying to find the answer, you are learning how 
to figure it out. Most important is your power to think."
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Summary 
 

 Research in physics education was scattered and 
uncoordinated before 1970 

 Investigations of students’ thinking were rare 

 Research was not tied closely to the 
development of curriculum and instructional 
methods 




