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the amount of time spent on experimental vs. mathematical 
topics, even creating a book in 1859 without any math at all.5 
Finally, other instructors complained that students in courses 
like Ganot’s were only spectators of the demonstrations6 and 
needed to increase the “adroitness” of their fingers.7 

Today’s instructors would agree with this last sentiment. In 
2014, the American Association of Physics Teachers (AAPT) 
recommended six learning outcomes for the laboratory,8 

including modeling experiments, designing experiments, 
and developing technical skills. To achieve these learning out-
comes, institutions will need hands-on experiments. 

In looking back at this course, there are advantages and 
disadvantages in teaching students using only demonstra-
tion-style experiments. The advantage is the small price tag, 
the simplicity, the focus on physics concepts, and the ability 
to teach many students at once. The disadvantage is that the 
students do not learn experimental skills. To address this con-
cern, Fredrich Kohlrausch used a different type of course.

Kohlrausch’s research-grade experiment 
course

Fredrich Kohlrausch was a prominent experimentalist at 
Gottingen that published the well-known lab manual Leit-
faden der Praktischen Physik.9 In the preface to the second 
edition of 1872, he wrote that we needed a “preschool for 
the experimental” where future physicists could familiarize 
themselves with “scientific tools” and workers could gain 
“practical execution.”9 To gain scientific tools and practical 
execution, the manual contained one- to two-page descrip-
tions of experimental measurements, complete with the appa-
ratus, theory, and typical data for students to reproduce. This 
moved students out of the lecture hall and into a lab facility. 
In addition, many experiments were based on recent research. 
For example, in the 1884 edition10 of the Leitfaden there are 
experiments on the Wheatstone bridge of 1843, Lord Kelvin’s 
galvanometer of 1858, and Lippmann’s capillary electrome-
ter of 1873. This created an authentic, hands-on experiment 
course.

However, this experiment course using research-grade 
experiments had its flaws. One flaw was that teaching ex-
perimental prowess rather than theoretical knowledge was a 
tough sell. James Clerk Maxwell said he always had “to labor 
to prove the advantage of practical science to the University” 
when teaching a similar course.7 In addition, Kohlrausch wor-
ried about the level of instruction of the experiments, since 
“academics” might find the treatment too lax, while “workers” 
might find the treatment too pedantic.9 He also worried about 
the complexity of the research-grade experiments for a gen-
eral introductory audience. Indeed, others complained that 
complex experiments were “ineffective” because the “students 
get lost in the multitude of details and forget the purpose of 
the experiment.”11 
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Introductory lab courses have been a staple of the physics 
curriculum for over 100 years. Yet these courses are now 
poised for change as recent research shows that they do 

not meet a frequent goal of enhancing student understanding 
of lecture content.1 In thinking about how to move forward, a 
look back at experiment courses in history seems wise. Here, 
I take a quick look at our historical record and describe three 
interesting experiment courses from different time periods:  
Adolphe Ganot’s demonstration-style experiment course of the 
mid-1800s, Fredrich Kohlrausch’s research-grade experiment 
course in the late 1800s, and Newton Henry Black’s concept- 
exercise experiment course of the early 1900s. In looking back 
at these three courses, I find that instructors throughout his-
tory have had to face the same questions we do today. Specifi-
cally, what is the role of the introductory lab course in teaching 
experimental or theoretical concepts, and how much prepa-
ration, instruction, authenticity, and complexity are required? 
It seems that even if the introductory lab course is poised for 
change, that change may not be meaningful unless we answer 
these questions.

Ganot’s demonstration-style experiment course
Adolphe Ganot was a French prep school teacher with 20 

years of experience before he published the famous Traité 
élémentaire de physique in 1851.2,3 The text was an instant 
success with eight editions in eight years and translations in 10 
languages.4 It also reached a broad audience, from secondary 
school students and engineers to non-students.4 What I find 
interesting about the Traité is that it reminds me of a labora-
tory manual mixed with a textbook. It contains descriptions 
of both theoretical concepts (e.g., the law of refraction) and 
experimental procedures (e.g., how to measure the index of 
refraction of a gas). The experimental procedures are often ac-
companied by professional drawings of the equipment, experi-
mental data, or descriptions of how to take the measurements.3 
In addition, these experiments “were kept in glass-fronted cup-
boards” in the lecture hall and were “performed by the teacher 
in front of the students”4 as demonstrations. 

The popularity and longevity of the Traité suggest that this 
demonstration-style experiment course got many things right. 
It was an authentic course, since Ganot continually updated the 
book with new developments in physics that he read in French 
periodicals.4 For example, the experiments of Fizeau and Fou-
cault (1845-1850) were published in the 1856 edition of the 
Traité.3 It was also simple to execute, requiring only a single 
demonstration apparatus. Finally, according to historian Josep 
Simon, educators praised Ganot’s “teaching of science through 
demonstration, experimental manipulation and observation.”

However, this demonstration-style experiment course was 
not perfect. Ganot worried about the suitability of particular 
sections for less prepared students and placed these more 
complex sections in smaller type-font.3 He also worried about 
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ly some new or different exercise” as “this time may be well 
spent.” Harry Hadley in the preface to his 1916 manual16 
said “that the training is more permanently useful when the 
student has to solve his own difficulties and to discover prin-
ciples for himself,” but that this was “possible only when the 
class is small and when more time is available that can usually 
be given to the subject.” 

The lesson here is that simple, cookbook experiments 
that teach theoretical concepts will need to be replaced with 
courses that allow students to “depart from the routine.” The 
problem is that despite two world wars, the introduction of 
computers, globalization, and countless advances in physics, 
the cookbook experiment on “The Straight Lever”11 could 
have been used at my institution last semester! That longevity 
means that this type of course is likely entrenched in our insti-
tutions, and replacing it with more independent or open-end-
ed inquiry will be difficult.

In looking back at this course, there are advantages and 
disadvantages. The advantage is that the course is hands-on, 
and that the cost and scalability are not as prohibitive as the 
research-grade experiment course. The disadvantage is that 
the experiments are not adding value to the theoretical skills 
taught in lecture, nor do they give students the independence 
they need to learn experimental skills. Thus, traditional lab 
courses, like Black’s course, are poised for change. What will 
that change look like?

Future introductory lab course
In looking at past experiment courses, what have we 

learned for the future? Ganot’s demonstration-style experi-
ment course teaches us that students need hands-on instruc-
tion. Kohlrausch’s research-grade experiment course teaches 
us that students need to be scaffolded into a laboratory experi-
ence. And finally, Black’s concept-exercise experiment course 
teaches us that students need independent exploration. 

Upon this review, is there a path forward for the intro-
ductory lab course? I am hopeful that the physics education 
research community will lead the way through collaborative 
research and assessment.17 After all, instructors have worried 
about the same questions since the inception of the exper-
imental course. What is the balance between experimental 
and theoretical (or computational) topics? How do we serve 
both “workers” and “academics”? And, how do we balance 
complexity and efficiency? It is time we answered some of 
these questions. My money is on paths that use open-ended 
exploration and simple equipment to allow for student design 
and redesign. But, whatever the answer is, after 100 years, the 
introductory lab is finally poised for change.
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