A Light in the Darkness:
U.S. Mine Lamp Patents
—Shedding Light on Innovation

By Paul J. Bartos

r l Yhe first two articles in this series looked at the detailed tech-
nological history of U.S. mine lamps. In this last article we
will take a broader view, turning to the specific trends in the

patent history of these fascinating artifacts to shed light on some of the
associated implications about technological advance and innovation in
general, as well as on the nature of technological adaptation within the
mining industry during the late nineteenth and early twentieth centu-
ries.

Since the pioneering work of economist Jacob Schmookler in the
mid-1960s, economic historians have used patent records as a way to
quantify technological innovation and trace the patterns of inventive ac-
tivity. This article challenges some of the underlying assumptions in this
approach and expands upon Schmookler’s analysis.

The rapid technological progress and prosperity enjoyed by the Unit-
ed States from the mid nineteenth century into early twentieth century
has been attributed in part to its distinctive and broad-based patenting
system. The Patent Act of 1836 significantly strengthened the property
rights associated with a patent. This, combined with a relatively cheap
and accessible filing system, led to an outburst of patent activity from a
wide range of the population.”

By the 1840s a well-developed commercial market for patent rights
already existed, and agencies of the day strongly encouraged patenting.’
The U.S. Patent Office regularly published descriptions of the new pat-
ents granted, and it maintained offices throughout the country where
patent models could be displayed and examined. Technical magazines,
often with extensive advertisements listing patent agents or the market-
ing of patents, arrived in the mid 1840s.*
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People from all walks of life became inter-
ested in and received patents. Only later, in the
carly part of the twentieth century, did the strong
association of inventors and corporations seen
in modern research and development take hold.
Prior to that, patenting was much more individu-
alistic; the later part of nineteenth century has
been called “the golden age of the individual in-
ventors.”

But what is so special about mine lamps and
their patents per se? They are utilitarian, tech-
nologically simple devices and their history and
advances can be easily understood. They cover a
broad sweep of history, on the order of 160 years,
from 1850 to the present. More importantly, they
have an extremely thorough patent history by vir-
tue of being collectors’ items.

Collectors have diligently searched patent re-
cords and published their results in order to use
patents to identify the various models extant.”
This sort of detail in the patent record is not typi-
cally available for most inventions. As a result,
one can trace the twists and turns in mine lamp
design, from first initiation into the marketplace
through to technological obsolescence. Thus, we
can examine in detail actual patenting history and
see how it compares to what has been predicted in
economic theory.

What the patent history for a given type of
mine lamp typically shows is a general increase in
the number of patents granted on an annual basis
through time, reaching a peak, and then rapidly
declining. Of critical significance, extensive pat-
enting continues to occur in all cases for consider-
able time after the entrance of a disruptive, supe-
rior technology—a better mine lamp type—into
the marketplace.

Further, mine lamp patent history clearly
demonstrates that the vast majority of patents
for a given lamp type occur well after the major
innovations had been discovered and the funda-
mental design established. The actual percentage
of mine lamp patents containing significant tech-
nological innovation turns out to be a very small

subset—1 to 2 percent of the total patents. The
overwhelming driver in late nineteenth- through
early twentieth-century mine lamp patents was
the attempt to acquire profits, mostly through
small-scale modifications of pre-existing designs.
Creating significant original advances in the state
of the technological art appears to have been, at
best, a secondary consideration.

We will focus on the patent history of four
of the US. mine lamp types: candlesticks, spout
oil wick lamps, safety lamps, and carbide lamps.
Covered oil lamps and electric cap lamps have
been excluded because much of the usage period
of covered oil lamps predates the Patent Act of
1836, and the patent record of electric cap lamps
is, comparatively, far less well understood.

Patent Analysis and
Cumulative Progress Curves

In this section, we will use mine lamp patents
in an attempt to quantify the duration of and
interest in a given type of mine lamp, as well as
the degree and kind of innovation responsible
for various kinds of mine lamps. In contrast to
most other inventions, virtually every U.S. patent
relating to a mine light is known. The exception
is electric battery lamps; these are not collectors’
items, as they have remained essentially the same
visually for most of their existence.

Candlesticks

Figure 1, documenting the rate of patenting
over the forty-five-year period of candlestick de-
velopment, shows only a modest development of
candlestick holders in the first fifteen years, 1872-
88, followed by increased but irregular patenting,
averaging nearly three patents per year, for the
next twenty-one years, 1889-1915. The last years,
1916-17, featured a sharp decline in patenting.?

Figure 2 features a newly designed curve,
termed a cumulative progress curve. This curve
visually represents the significant technological
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Figure 1: The bold arrow represents the

period of initial mass-market acceptance

of the carbide lamp, which replaced the

mine candle and candlestick.

Cumulative Progress Curve: Candlestick Holders
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advances of a given product through time. Impor-
tant technological milestones of a given invention
are assigned a percentage of the total perceived
technological advance; these cumulatively sum
up to 100 percent.

These milestones and their relative worth
were not arbitrarily assigned; a strong effort was
made to gauge each advance in the context of the
invention as a whole. In many cases the specific
technological advances are agreed upon by work-
ers in the field, however, the respective percent-
ages were estimated by the author.

In the case of a candlestick, the important ad-
vances are viewed as the holder itself, invented in
1860, the handle in 1865, and the hook used to
hang the candle from a hat, originated in 1874.
Other patents are for only minor refinements on
the basic candlestick design. The wide variety
seen and lack of building upon these variations
in later models further suggest that these other
patents were for incidental features not central to

the principal invention. There does not appear to
have been any significant advance in the candle-
stick once the basic design had been worked out
in 1874.

Comparing Figures 1 and 2 shows some sur-
prising differences. First, there is actually a lag be-
tween when the innovation originated, as deter-
mined from historical records, and when the first
patents were granted. In the case of candlesticks,
this lag was on the order of a dozen years: from
1860, when the first evidence of mining candle-
sticks can be documented, to 1872, the date of the
first patent. Likewise there appears to be a lag at
the end of the patent histogram. Candlesbegan to
be supplanted by carbide and electric lamps start-
ing in about 1905, and by 1915 candles as a mine
light were clearly on their way out. Nonetheless,
patenting of candlestick holders continued until
1917, although the total number of patents steep-
ly declined.

The other major point revealed when com-
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paring the two curves is that the relative amount
of “progress” is not reflected by the patent activ-
ity. In the case of candlestick holders, the major
advances occurred early on. In fact, the major in-
novations appear to have preceded the patenting.

Spout Oil Wick Lamps

The spout oil wick lamp is highly similar to
the candlestick, in that it is a straightforward,
relatively simple invention, but with a large num-
ber of patents over an extended period of time—
fifty-seven years. As with candlesticks, there was
an extended lag time between the introduction of
the invention, in 1850, and the first U.S. patent,
in 1858. After that, minimal patent activity oc-
curred for at least the following decade. The pat-
ent histogram in Figure 3 reflects two main pulses
of patent activity, 1875-85 and 1894-1913, with a
one year spike in 1890. Of particular note is the
abrupt termination of patents for oil wick lamps

Spout Qil Wick Lamp Patents Through Time

in 1915.

The cumulative progress diagram for spout
lamps, Figure 4, differs somewhat from that of
candlesticks. Two major innovations occurred in
the spout lamp. One was the idea of the spout
lamp itself, a portable lamp hanging from the
hat which freed the hands. The other was the
change to miner’s wax, known as Sunshine, which
produced a brighter flame with significantly less
smoke. The first innovation occurred at the very
beginning, in 1850, the second in the middle of
the product’s life.

The second peak of patent activity coincid-
ed with the introduction of Sunshine in about
1900; many of the patents during this period re-
flect modifications to accommodate this new fuel
source. However, as with candlesticks, the major-
ity of patents in oil wick lamps occurred well af-
ter the basic design was established. Thus, they
represent “tweaks” of the basic design rather than
significant technological improvements.

Figure 3: The bold arrow represents

the period of initial mass-market
acceptance of the carbide lamp,
which replaced spout oil wick lamp.

Cumulative Progress Curve: Spout Oil Wick Lamps
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The U.S. patent history for safety lamps is dif-
ferent than that of the other mine lamps discussed
because most of the known innovations, and
models, originated overseas. The U.S. patents re-
flect their introduction into the U.S. market. Six-
ty-three U.S. patents for safety lamps are known,
with many more being registered overseas.

Despite these differences, a look at the yearly
patents histogram, Figure 5, reveals some inter-
esting patterns. As with candlestick holders and
spout lamps, a significant lag exists between the
US. introduction of safety lamps, by 1850 at the
latest, and the first US. patent, in 1870. A thir-
teen-year period followed before significant pat-
ent activity. Starting in 1884 and continuing to
1916, fairly constant patent activity occurred. The
peak year was 1911, then the patent rate for safety
lamps rapidly decreased to 1919, after which it
ceased for fourteen years until several minor pat-
ents were issued in the mid 1930s. By that time,

had ceased, and the lamps were only used as a gas
detection device.

Figure 6, the cumulative progress curve for
safety lamps, shows a burst of innovation when
the lamp was introduced, followed by a string of
significant advances through the first seventy years
culminating in the Wolf lamp of 1883. These ad-
vances included:

the use of wire gauze to stop the passage of
the flame in the Davy lamp of 1815;

holdingan envelope of burnt air above the
flame to impede its passage in the Stephens
lamp of 1815;

the use of a sealed glass cylinder to enclose
the flame and separate it from the outside
air, which produced significantly more

light in the Clanny lamp of 1815;
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complete shielding of the gauze from air
currents, with the air supply brought in
from below the flame, along with spring-
type expansion rings, which also helped to
seal the lamp chamber, in the Upton and
Roberts lamp of 1833;

a conical-shaped chimney, which aided
considerably in areas with high air move-
ment, in the Mueseler lamp of 1840;

multiple cone-shaped gauzes with a
protective metal bonnet, which led to
significant improvement in safety, in the
Marsaut lamp of 1871;

and the use of a high-volatility fuel such
as naphtha or benzene, along with inde-
pendent internal ignition and a magnetic

lock, in the Wolf lamp of 1883.

The consensus is that no fundamental improve-
ment in the safety lamp occurred after the Wolf
model of 1883, despite another fifty years of pat-
ent activity.’

Comparing the US. patent history of the
safety lamp to its cumulative progress curve, in
Figures 5 and 6, reveals that the overwhelming
majority of patents occurred after the final design
was established. In the case of safety lamps, the
US. patents do not reflect the technological ad-
vances, at least not the significant ones.

Carbide Lamps

The carbide lamp fostered 294 known patents
over an interval of seventy-nine years." Figure 7
shows two clusters of patent activity: an initial,
relatively small, bell-shaped cluster occurs in the
interval from 1897 to 1905, and a pronounced
cluster starts in 1909 and continues to 1942. This
second cluster is decidedly skewed forward, with
patent activity showinga marked decrease starting
in 1915. This is believed to represent the growing

capture of the lamp market by the electric battery
lamp. A significant hiatus of thirty years then
occurred in carbide lamp patents until the lamps
were converted to a hard plastic body. These mid
1970s patents can be considered the last gasp for
innovation in carbide lamps."!

Most of the significant innovations or im-
provements in the mining carbide lamp happened
in the years from 1913 to 1915. These included:

a flint striker in 1913, so that the lamp
could be ignited anywhere without fum-
bling for matches;

a breeze protector in 1914, because early
lamps had the unfortunate tendency to go
out with the slightest air movement;

a water-feed valve “dropper” system in
1914, which led directly to aleadinglamp
model, the Guy’s Dropper, and became the
preferred water feed mechanism;

and cap lamps and hooks in 1915, which
freed the hand for working.

Metal reflectors had been introduced in 1905.
These produced a spotlight four times brighter
than non-reflector models, and represented a
significant advance from the glass prism used in
early bicycle lamps but clearly impractical in un-
derground conditions.

Comparison of Figures 7 and 8 demonstrates
that, as with the other types of mine lamps, patent-
ing in carbide lamps continued for a considerable
time, in this case sixty years, after the last signifi-
cant technological advance in the product. Ad-
mittedly this sixty-year interval is distorted by the
thirty-year hiatus between 1942 and the last few
patents in 1970s."> Nonetheless, for an interval of
approximately twenty-seven years, the patenting
of carbine lamps continued without a significant
technological advance, and this period was when
the majority of carbide lamp patents occurred.
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Figure 7: The bold arrow represents
the period of initial mass market
acceptance of the electric cap lamp,
which ultimately replaced the
carbide lamp.
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Patents and Jacob Schmookler

One sees the same pattern repeated in the pat-
ent histories of all the mine lamps: extensive pat-
enting occurring for a considerable time beyond
the last significant innovation. Thus the patents
clearly reflect other matters besides simply tech-
nological advance.

In his pathbreaking book, Invention and Eco-
nomic Growth, Jacob Schmookler used U.S. patent
statistics as the main source of evidence to sup-
port his thesis that market forces were the funda-
mental driver upon technological innovation. He
felt that patent data could be used to quantify the
level of inventiveness in a society as whole, in part
based on studies that suggested that a relatively
high percentage of patented inventions, approxi-
mately half, found commercial application. Us-
ing patent renewal data, Mark Schankerman and
Ariel Pakes also inferred commercial application
rates on the order of 50 percent, although their
work has been recently questioned with respect to

nineteenth-century English patents."

Other researchers contest this 50-percent es-
timate. Stacy Jones expressed the opinion that the
correct percentage of the commercial application
of patents is closer to 10 percent. Historically, the
US. commissioner of patents estimated in 1869
that only 10 percent of all patents had commercial
value. In the case of candlesticks, 38 percent—33
of 87—of all known patents achieved at least
some commercial application, with working mod-
els known to exist.'

The carbide lamp data is far less precise, but a
minimal estimate of patents that reached commer-
cial application is 76 of 296, or 26 percent. Un-
fortunately, neither spout lamp nor safety lamp
patent data lend themselves to a similar analysis.
Thus, the available mine lamp patent data, if rep-
resentative of late nineteenth- and early twenti-
eth-century patent data as a whole, suggests that a
considerable majority of patents—from 62 to 75
percent—never saw commercial application.

Schmookler used patents as a measure of in-
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ventive activity, with each patent representing so
many equal units of inventive activity. However,
as many authors have observed, all patents are
not the same. A small minority represent radical
breakthroughs that transform industries or pro-
vide innovative products. Other patents repre-
sent incremental changes to existing technologies.
The vast majority of the patents granted, however,
have little or no economic impact. Rather, they
appear to be more an attempt to grab market
share and profits, without significantly improving
the specific invention. This has long been one of
the concerns with patent counts—their inabil-
ity to distinguish between important and trivial
technological advances."”

This is a significant problem, as the mine
lamp patent analysis clearly reveals that the vast
majority of patents were for trivial improvements.
The candlestick patent data contains only three
significant advances out of 87 patents, and only
two, or 2.3 percent, were captured in separate pat-
ents. Likewise, spout oil lamps had two signifi-
cant advances out of 110 patents, or 1.8 percent.
In carbide lamps, more technologically complex
devices, five significant advances occurred in 294
patents, or 1.7 percent. In safety lamps, no sig-
nificant advances appeared in 63 U.SS. patents.
If, however, we use significant advances in safety
lamps compared to known models, 7 out of 350, it
would generate a percentage of 1.1, although the
percentage against total patents would be lower.

Opverall, mine lamp data suggests that only 1
to 2 percent of all patents actually represent sig-
nificant technological advances. The remaining
patents cither never went to market in a commer-
cial application, perhaps 75 percent of the total,
or made trivial modifications to existing designs.

Given the populist nature of the Patent Office
carly in the industrial era, the high percentage of
trivial patents registered is perhaps unsurprising.
Schmookler’s study would suggest that it remains
relatively high to the present, albeit at a somewhat
lower percentage. The 1 to 2 percent of mine
lamp patents embodying significant technologi-

cal advances in a given lamp type overwhelmingly
represent incremental innovation, with the pos-
sible exception of the introduction of miners’ wax
in spout oil wick lamps, a revolutionary advance.

In contrast, the different lamp types them-
selves, particularly the carbide and electric cap
lamps, represent what Anderson and Tuchman
term technological discontinuities, defined as
“breakthrough innovations that advance by an or-
der of magnitude the technological state-of-the-
art which characterizes an industry.”’® By quanti-
fiable measures, such as amount of light provided,
or more intangible measures, such as overall safe-
ty, carbide and electric cap lamps clearly qualify as
technological discontinuities, if not exactly by the
order-of-magnitude standard suggested by An-
derson and Tuchman.!”

Various authors have proposed a feedback
loop between inventions, the idea being that ear-
ly inventions will stimulate the creation of later
inventions in an ever increasing, upward spiral.
Schmookler found no evidence for this in his
examination of patent records. The mine lamp
patent data supports Schmookler in this regard.
There appears to be little or no evidence that prior
inventions of mine lamps helped stimulate later
varieties.

In fact, the evidence appears to suggest almost
the opposite. There appears to have been mini-
mal interchange between coal and metal miners."®
Each used a different light source, candles or oil
lamps, without any apparent diffusion of ideas
about lighting techniques. Further, both the car-
bide and the electric lamp came from outside the
industry, and neither appears to have contributed
toward the development of the other.

Schmookler also hypothesized that inven-
tive activity is governed by the expected received
value for the invention. In this view, inventors
are principally inspired to invent when financial
rewards are possible; the higher the likelihood of
the reward and the greater the possible reward,
the greater the number of inventions produced.
From this logic, one would expect a larger num-



A Light in the Darkness 41

ber of patents to occur once an invention and its
markets were clearly established, rather than early
on in the innovation’s history, when the technol-
ogy and its market had not been established.

That appears to be the situation with mine
lamp patents, where the bulk of patent activity
clearly occurs after the technology has been estab-
lished, and in many cases after it has peaked. The
apex of candlestick patenting came in 1912, well
after the basic design and practices of the tech-
nology were established and its market defined.
One could argue that by 1912 the candlestick was
not only already obsolete, but clearly so. Spout
oil wick lamps and carbide lamps show this same
pattern. In each case, the peak of patent activity
occurred after a replacement technology had ap-
peared on the scene.

An exception to this pattern lies in safety
lamps, where peak patenting occurred just before,
rather than after, the introduction of the Edison
electric cap lamp in 1915. However, electric cap
lamps had already entered the mines in significant
numbers with the development of the tungsten
filament in 1911, so it could be argued that in-
creased displacement of safety lamps by electric
lamps was simply a matter of time. As early as
1914, a report emerged that in mines where elec-
tric lamps were being tested, miners preferred
them to safety lamps; this did not bode well for
the manufacturers of safety lamps."”

But the continuation of patent activity with
most mine lamps long after an apparently disrup-
tive technology has appeared is striking. All of
the mine lamp histograms show a pronounce tail
of patent activity for many years after a successive
technology had become established. Some of this
tail may be explained by the delay in receiving pat-
ents. Patent applications may have already been
in the system before the disruptive technology
was recognized or even present.

But I think that this only constitutes a small
portion of the patent tail. In the case of candle-
stick and the sprout oil wick lamp, patent activity
continued for more than a decade after the suc-

cessful introduction of the carbide lamp. In the
case of the carbide lamp, significant patent activ-
ity continued for approximately sixty years after
the introduction of the electric cap lamp, and for
most of that period it was obvious that the electric
cap lamp was a superior technology. Even patent-
ing in safety lamps continued for at least twenty
years beyond the introduction of the electric cap
lamp.

The relatively large number of late patents may
mean that a large mature market exists, and not
that this market may be potentially transformed.
The likelihood of capturing financial reward may
be greater in modifying an existing, established
technology, rather than in attempting to modify a
new “unproven” disruptive technology. This may
be so even if the established technology will soon
be, or even already is, obsolete.

A general model of patenting for a given in-
vention can be proposed from this data set. Nor-
mally, as in Figure 9a on page 42, the rate of pat-
enting for a given invention increases with time
up to a peak, where there is an abrupt decline,
as the invention is displaced by a new disruptive
technology. In this model, the increase in the pat-
ent rate reflects the penetration of the invention
into the market. With time, more and more in-
ventors would try to expand the product into new
or different uses, to capture thereby a share of the
associated profits. The rapid decline from peak
patent activity would also be expected. Once the
market has been disrupted by the new invention,
it would become clear that profits were no longer
available from the old technology, and inventors
would turn their energies elsewhere.

What is notable is the time lag between when
a new disruptive technology arises, and is clearly
recognized as such, and when peak patent activity
occurs. One would predict that, in innovation-
driven industries, the time gap between recogni-
tion of a superior disruptive technology and peak
patent activity on a previous one would be quite
small, as in Figure 9a.

In so-called “traditional industries” such as
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Figure 9: Schematic curve comparing peak patent activity versus recognition of a superior (displacing)
technology in innovation-oriented and conservative industries. In this model, all inventions show an
increasing patent rate with time, representing the development of the market and individual inventors’
attempts to capture some of the profit through modification of the basic design. In an innovation-oriented
industry, minimal time occurs between the recognition of a displacing technology and the cessation of
inventive patent activity, and the decline from peak patent activity to the end of patenting is steep. In a
more traditional industry, such as mining, a longer time between recognition of a disruptive technology
and peak patenting allows for continued modification and patenting of the established invention, while
the decline in patenting is less precipitous. The B curves were derived from the general shapes of the safety
lamp, spout lamp, and candlestick patent curves.
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mining, which have slow technological adop-
tion rates, the time gap would be much larger, as
in Figure 9b.*° The decline of patenting in both
cases would still be precipitous, although perhaps
less so for traditional industries. The difference
would be in the time interval from recognition of
a superior disruptive technology to cessation of
patent activity.

What if a new technology is only superior in
certain aspects and not in others? Then one could
predict a patent rate curve with a shallow rather
than a precipitous decline from the peak patent
interval, such as in Figure 10. This appears to cor-
respond to the history of carbide lamps with re-
spect to electric cap lamps.

In many respects, electric cap lamps are su-
perior to carbide lamps, particularly in terms of

Recognition of
Partially Disruptive

Numbetr Superior Technology

of
Patents

the quantity of light produced, and in safety—
the latter was a critical point in gassy coal mines,
much less so in metal mines. However, there was,
and is, a distinct cost disadvantage in the electric
cap lamps, assuming that electricity for recharg-
ing was even available, which was not the case at
many mines for many years.

As a result, the carbide lamp held its own in
the marketplace against the electric cap lamp for a
period of time on the order of forty to fifty years.
The gently declining patent curve at the end
stages of the carbide lamp’s patent history reflects
this. In the later years it was probably obvious
that electric cap lamps would eventually triumph,
so inventive activity in carbide lamps ceased, as
companies and inventors turned their energies
elsewhere. Indeed, it can be argued that the pro-

Peak patent activity

i

Time —p

Figure 10: Schematic curve showing patent activity of an invention affected by a partially disruptive
technology. This would be for an invention mostly inferior to a new technology, but retaining some
advantage. A slow decline from the peak patent rate results, as inventors continue to seck profit from the
invention at an ever-decreasing rate. An example is the carbide lamp, which was technologically inferior
to the electric cap lamp, but had a lower initial cost.
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verbial writing on the wall was apparent well be-
fore the actual market totally dried up, as carbide
lamp patenting essentially stopped in 1942, but
significant sales and usage continued well into the
following decade.

It must be emphasized that mine lamp patents
comprise an extreme minority of the total patents
granted. In the U.S. alone, more than six million
patents have been granted since 1790.2' Using
mine lamp patent data as proxy for the US. pat-
ent universe may well be pushing the data beyond
its useful applicability. Nonetheless, the patent
patterns seen in this mine lamp study appear con-
sistent, relatively straightforward, and explain-
able, and follow-up studies on other inventions in
other industries seem warranted.

Debate has occurred over which technological
stage actually generates the most progress, the ini-
tial revolutionary breakthrough or the later accre-
tionary modifications. The consensus view now
is that the less spectacular, follow-on innovations
may be more important in the aggregate than the
major breakthrough innovations.?> Does the data
from mine lighting support this assertion?

With respect to the candlestick, the major in-
novations occurred early in its development. De-
spite subsequent modifications and tweaks, the
fundamental design appears little changed once it
was established in approximately 1878. In spout
lamps, a large number of minor, inconsequential
modifications occurred, but excluding the signifi-
cant introduction of Sunshine fuel in 1900, there
appears to have been relatively little improvement
from the initial design. Likewise, the carbide lamp
shows significant improvement in light output,
overall ease of use, and efliciency of operations up
to about 1915, approximately a quarter of its ef-
fective product life. Beyond that point, the lamp
does not appear to have significantly advanced.

The stories of safety lamps and electric lamps
were different. In safety lamps, three of the most
significant design elements appeared in the first
year of production, however, significant improve-
ments in illumination, safety, and overall op-

eration continued through a significant portion,
sixty-eight years, of its effective life. Beyond that
(for almost another century!), relatively little im-
provement occurred. The electric cap lamp’s story
appears analogous to that of the safety lamp, with
continuing improvement over time, especially in
terms of light output and battery weight.

Given that candlesticks and spout oil lamps
are technologically simple devices, it may be ex-
pected that the bulk of technological innovation
would occur in the early stages of their product
life. Nonetheless, more technologically sophisti-
cated devices, such as the safety, carbide, and elec-
tric cap lamps, also showed extensive early tech-
nological advancement. And these three lamp
types show subsequent incremental technological
advancement as well.

So, the technological tally from this study in-
dicates that with two types—the candlestick and
spout oillamp—the bulk of technological advance
occurred in the breakthrough stage. Although all
of the mine lamp types saw a significant portion of
their technological advance in the initial stage, the
other three types—the safety lamp, carbide lamp,
and electric cap lamp—experienced the bulk of
their technological advance in the accretionary
stage. Of these three lamps, however, both the
safety and carbide lamps featured an extensive late
period in which technological advance, though
not necessarily patents, simply stopped, with the
data on electric cap lamps being incomplete. The
accretionary stage, therefore, cannot be assumed
to continue indefinitely—at some point, innova-
tion for a given invention appears to go dormant
and its design becomes essentially locked in.

Adoption Lag: An Insight into the
Nature of the Mining Industry?

The data presented here documents histori-
cally slow adoption rates for new versions of mine
lamp technology. Today, much of the public con-
siders the mining industry to be a laggard with re-
spect to innovation and technological adoption.*
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The productivity data displayed in Figure 11 sug-
gests that this perception of the mining industry
is partly correct. It is certainly so when compared
to the high tech industries, and is true to a less-
er degree with respect to general manufacturing
since the end of World War II, when data of chis
sort was first systematically collected.?
Assuming that the adoption rate of mine
lamp technology is representative of the overall
technological adoption rate of the industry as a
whole, this study would suggest that the slow
adoption of new technology has been a defining
characteristic of the mining industry since at least
the 1910s. Within the general time period of this
study, the mining industry was also significantly
late in adopting modern business organizational
structures.” And, overall, mining industrialized

later than other industries.?

Why should this be so? Joel Mokyr, an eco-
nomic historian specializing in the history of
technology, offered the opinion that because min-
ing in general is a complex and interrelated tech-
nological system, it will be far less likely to have
new revolutionary technological breakthroughs.””
The idea here is that revolutionary change in one
component of technology would have negative
consequences in the other interrelated compo-
nents. Thus, according to Mokyr, there is a sort of
technological inertia that dampens change within
the industry.

In theory however, this effect should not ap-
ply to mine lighting, which is portable and not
particularly site-specific beyond the obvious con-
dition of dangerous gases in certain coal mines.

Index of output per hour in high-tech manufacturing, total manufacturing and mining, 1987-1999
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Figure 11: Labor productivity in U.S. primary metal mining, general manufacturing, and high-tech
manufacturing, 1987-99. Starting in the 1980s, a divergence on the order of 10 percent occurred
between the productivity rates of U.S. metal mining and general manufacturing. That divergence is
dwarfed, however, by the productivity gap between mining and the high tech industries. The productivity
gaps between mining the general manufacturing and high-tech sectors widened still more after the year
2000. (Data courtesy of C. Kask and E. Seiber (“Productivity Growth in the “High-Tech Manufacturing
Industries” Monthly Labor Review 125, no. 3 (2002): 16-31), and the U.S. Department of Labor.)
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Nonetheless, it does seem that there was, and is,
an overall climate of resistance to change within
the industry.

What accounts for this apparent resistance to
change? Possibly it is because mining is funda-
mentally a commodity business, with an extreme
emphasis on controlling and lowering costs. Min-
ers cannot control the price or profitability of the
metals they mine; they are at the mercy of the
markets. What they can attempt to control is the
costs of mining and processing the metal, and, to
a far lesser degree, the grade of the metal deposits
they mine. However, the single most important
factor by far in determining the profitability of
the typical metal mine is the metal’s price.

As aresult, relentless pressure exists to control
and lower costs—a mind-set instilled in mining
engineers and operators from the very beginning
of their careers. This orientation does not, how-
ever, typically lend itself to innovation and the
embrace of new ideas and technologies.”®

Discussion

This paper is hardly the first to criticize some
of the underlying assumptions of those using pat-
ent counts. Science historian Nathan Reingold,
in anticipating, then rejecting, Smookler’s as-
sumption that patent statistics constitute an in-
dex to invention and economic growth, pointed
out that “the issuance of a patent simply means
that the language of the patent specifications met
whatever standards of patentability were in effect
at the time.””

More recently, the economist Zvi Griliches
undertook an extensive review of the possible ap-
plication of patent counts as economic indicators.
In particular, he presented data suggesting that
the average commercial value of a given patent,
although highly variable and skewed, is increasing
in modern-day patents. If so, it may be that the
results described in this paper are more applicable
to historical patents only.*

With the advent of computerized data bases,
other scholars, such as Manuel Trajtenberg and
Adam Jafte, have applied sophisticated economet-
ric techniques on modern-day patent citations to
trace the flow of technical knowledge from one
inventor or organization to another.’® Still oth-
er scholars have used the historic patent record
to explore the growth of markets in early indus-
trialization,*® patterns in inventive activity over
time,* or the relationship of patenting to market
demand.**

The patent records remain a treasure trove of
data with a myriad of potential applications to
economic history. However, this study suggests
that a certain amount of caution needs to be exer-
cised in the use of this data, given the apparently
high number of patents that were neither com-
mercially successful nor constituted a technologi-
cal innovation.

The mine lamps cast a certain light on the
nature of “new and improved.” We are all famil-
iar with various advertisements and commercials
touting the latest “new and improved” consumer
product, be it toothpaste, bathroom cleanser, or
detergent. The question arises: Although the col-
ored cleansing speckles in that detergent may well
be new, have they really improved the product? Is
that detergent actually better? In the case of late
nineteenth- and early twentieth-century mine
lamp patents, the answer is quite definitive: no.

The detailed patent history of late nine-
teenth- and early twentieth-century U.S. mine
lamps clearly reveals that the number of patents
containing signiﬁcant revolutionary or incremen-
tal technological innovation comprises only a tiny
subset of 1 to 2 percent of the patents for a given
mine lamp type. Of the remaining 98 to 99 per-
cent of those patents, up to three quarters never
made it to market in a commercial application,
and the rest were trivial modifications of pre-ex-
isting designs.
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