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The Federal Communications Commission
(“FCC”) recently released a Notice of Proposed
Rulemaking in which it proposed to reverse the
Obama Administration’s controversial 2015
Open Internet Order.1 Accordingly, stakeholders
are actively in search of evidence for the “good”
and “bad” of the decision to reclassify
broadband
Internet
service
from
an
“information service” to a common carrier
“telecommunications service” under Title II of
the Communications Act, an arcane legal regime
almost no one understands.2
Recently, without any reference to the Net
Neutrality debate, the cable industry trade
association NCTA made the unsurprising
observation that broadband speeds in the U.S.
continue to rise, as they always have.3 Seeing all
things through the lens of Net Neutrality these
days, Public Knowledge Senior Vice President
Harold Feld immediately laid claim to the trend,
asserting that the data in NCTA’s post supports
the FCC’s reclassification decision. According to
Mr. Feld, the speed trend confirms that the
“Title II Virtuous Circle” is “totally working”
because “the rate of [broadband speed] increase
has accelerated since the FCC adopted the Title
II Reclassification Order in February 2015.”4
Mr. Feld’s empirical claim appears based solely
on his casual and visual inspection of the data.
Visual inspection is useful for some purposes,
but the claim of an “acceleration” in speed
increases is difficult to support without more
formal statistical analysis.
So, in this
PERSPECTIVE, I apply a battery of statistical and
graphical approaches in search of evidence of an
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extraordinary change in the U.S.’s average
broadband speed.

[A]ll the statistical procedures
detect a statistically significant
decline in the rate of average
broadband speed increases for the
U.S. subsequent to the 2015 Open
Internet Order, and the graphical
analysis supports these findings. ***
[“B]ut for” the FCC’s 2015 Open
Internet Order, U.S. broadband
speeds would have been about 10%
higher—or about 1.5 Mbps faster—
on average.

As I demonstrate below, all the statistical
procedures detect a statistically significant
decline in the rate of average broadband speed
increases for the U.S. subsequent to the 2015
Open Internet Order, and the graphical analysis
supports these findings.
Indeed, accepting
Mr. Feld’s theory about the relationship between
speed and reclassification, “but for” the FCC’s
2015 Open Internet Order, U.S. broadband speeds
would have been about 10% higher—or about
1.5 Mbps faster—on average. Thus, in direct
contradiction to Public Knowledge’s claim,
reclassification appears to have significantly
retarded expected broadband speed increases.5
It seems that the 2015 Open Internet Order has
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broken the virtuous circle (to the extent such a
thing exists).6
Conceptual Background
As usual, Mr. Feld’s argument is a-theoretic—
perhaps forgivable in that he is an attorney and
not an economist (and holds economics, except
when done poorly by non-economists, in low
regard).7 Though Mr. Feld’s writing style is
informal and peppered with characteristic sass,
it is possible to piece a story together about how
Mr. Feld believes the speed data relate to Net
Neutrality. Note that in quoting his blog, I
retain Mr. Feld’s slang in the form of run-on
words.
At the center of Mr. Feld’s argument is the
Akamai speed data, which he claims show “the
rate of increase [in the U.S. average broadband
speed] has accelerated since the FCC adopted
the Title II Reclassification Order in February
2015.”
Mr.
Feld
claims
this
alleged
“acceleration” in speed confirms his “prediction
that non-discrimination (and Title II) lead to
fasterbetterbroadband,” [sic] and demonstrates
that the “Title II Virtuous Circle” is “totally
working.”
In his discussion, Mr. Feld sets forth a very clear
“theorem” about the pace of speed changes and
the desirability of Title II and the effectiveness of
the virtuous circle. According to Mr. Feld’s
logic,


If the pace of speed increases accelerates,
then Title II is “good” and the virtuous circle
is working;



But if the pace of speed increases
decelerates, then Title II is “bad” and the
virtuous circle is broken.

Of course, if the pace of speed increases is
unchanged, then the data offer no new insight
on the impact of the reclassification decision.
Thus, we are left with an empirical question—
has the pace of speed increases changed
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following the 2015 Open Internet Order? An
empirical question requires an empirical answer.
Fortunately, since the Akamai speed data is
readily available, Mr. Feld’s theorem is directly
testable.

[I]n direct contradiction to Public
Knowledge’s claim, reclassification
appears to have significantly
retarded expected broadband speed
increases. It seems that the 2015
Open Internet Order has broken the
virtuous circle (to the extent such a
thing exists).
Statistical Analysis
According to Mr. Feld’s theorem on speeds and
reclassification, the change in the pace of speed
increases determines whether reclassification is
“good” or “bad” and whether the “virtuous
circle” is working or broken. With the publiclyavailable Akamai data, it is straightforward to
apply statistical methods to determine whether
the pace of speed increases post-reclassification
has accelerated, decelerated, or remained the
same.
In applying these methods, there are a number
of considerations. First, what is the relevant
date to test for a change? Over this period,
important dates to consider include: (1) 4Q14,
President Obama’s YouTube video encouraging
Chairman Wheeler to adopt a Title II approach
to Net Neutrality;8 (2) 1Q15, the release of the
2015 Open Internet Order in February;9 (3) 4Q16,
Donald Trump is elected President and the
media reports that the 2015 Open Internet Order
will get the “ax”;10 and (4) 1Q17, the first quarter
of the Trump Administration and the
appointment of Ajit Pai as FCC Chairman.11
As for the reclassification “treatment date,”
plausible arguments may be made for either
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4Q14 or 1Q15, since it was abundantly clear
President Obama’s YouTube video redirected
Chairman Tom Wheeler to reclassification.12 In
an event study like this one, the nexus of
treatment to outcomes may arise when the
treatment is inevitable, not when it is
formalized. For instance, a company’s stock
price may decline on news or expectations of
poor earnings long before an official earnings
report is released. I will consider both quarters
(4Q14, 1Q15) as treatment dates in my analysis.
I exclude from the sample 1Q17, the last quarter
of data available, since two weeks after the 4Q16
presidential election USA TODAY reported that
reclassification was headed for the “ax under
Trump.”13
One month later, then-FCC
Commissioner Ajit Pai—President Trump’s
choice for FCC Chairman—announced that it
was time to “fire up the weed whacker and
remove those [Net Neutrality] rules that are
holding back investment, innovation, and job
creation.”14 In future empirical research, 1Q17
and possibly 4Q16 (when Obama “advised”
FCC Chairman Tom Wheeler to reclassify in a
YouTube video) will serve as the treatment date
for the (likely) return of broadband to Title I
status, so including it in an analysis of the
Title II treatment period is inappropriate.15
Also, there is the issue of “acceleration” or
“deceleration.”
Average broadband speeds
increase over time—it’s what they do. Thus, to
determine whether the pace has increased or
decreased requires a counterfactual. That is,
what would the pace of broadband speed
increases been “but for” the 2015 Open Internet
Order? There a few ways to formulate a
counterfactual. I choose two approaches. First, I
gather a group of controls from other countries
also appearing in the Akamai data. As detailed
below, this control group is chosen so that the
countries closely match the speed levels and
trends for the U.S. prior to the 2015 Open Internet
Order.
Second, a counterfactual can be
constructed by using historical speed increases
in the U.S. to forecast future speed increases.
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Average broadband speeds increase
over time—it’s what they do. Thus,
to determine whether the pace has
increased or decreased requires a
counterfactual.
That is, what
would the pace of broadband speed
increases been “but for” the 2015
Open Internet Order?
At First, Keep It Simple
To begin, let’s keep the analysis quite simple. In
Figure 1, the Akamai speed data for the U.S. is
illustrated in both the level and natural log
transformation. While it is risky to draw strong
conclusions by simply looking at the graph, I
detect no material increase in the pace of
increases following 1Q15, which is indicated by
the vertical line.
If anything, the visual
inspection suggests the opposite—a slight
decline in the pace of increase.
Figure 1. Akamai Speed Data: 1Q12 - 4Q16

Some descriptive statistics may shed some light
on this empirical question. In 2012, average
broadband speed in the U.S. was 6.08 Mbps. By
2014, average speed had increased to
11.13 Mbps, an 83% increase. After the 2015
Open
Internet
Order,
speeds
averaged
14.22 Mbps. From 2014, the increase in speed
was 28%, which is obviously much lower than
the pre-reclassification speed increase between
2012 and 2014. Moving clear of the 2015 Open
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Internet Order, the average speed in 2016 was
15.77 Mbps, a 42% increase since 2014. This
percentage growth is about half that observed in
the two-years preceding the 2015 Open Internet
Order. In the levels, speeds after reclassification
rose 3.1 Mbps whereas before it rose 5.5 Mbps.
Speeds are rising slower after reclassification.

Thus, we are left with an empirical
question—has the pace of speed
increases changed following the
2015 Open Internet Order?
An
empirical question requires an
empirical answer.
Adding a little rigor to the inspection of the
figure and the descriptive statistics, I estimate
the average rate of growth rate before and after
the 2015 Open Internet Order.16 The growth rates
for the two periods are computed using a spline
function,
ln(yt ) = 0 + 1t+ 2R(t – t*) + et,

(1)

where ln(yt) is the natural log of average speed
in the U.S. in quarter t, t is a quarterly trend
variable, t* is the quarter of the treatment date, R
is a dummy variable that equals 1 after the 2015
Open Internet Order (0 otherwise), and et is the
econometric disturbance term.17 Because of the
natural log transformation, the coefficient 1
measures the average instantaneous growth rate
in the pre-treatment period, and 2 measures the
average instantaneous growth rate in the
treatment period. (Or, the coefficients measure
the trends in log speeds).
To begin, I set the treatment date at 1Q15. Prior
to the treatment, speeds were growing at an
average rate of 6.5% (1 = 0.0646).18 After
reclassification, the average growth rate fell to
3.8% (2 = 0.0382).19 The difference in average
growth rates is 2.6 percentage points, a
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difference that is statistically significant at better
than the 5% level.20
Switching to the treatment date of 4Q14, the pretreatment average growth rate is 6.5%, while the
average growth rate in the treatment period is
3.9%.21 Again, the difference in the average
growth rates is statistically different from zero at
better than the 5% level.22
Figure 2. Change in Average Growth
U.S. Speed
Spline Function

Figure 2 includes the actual speed data and the
prediction from the regression (with the 4Q14
treatment date). These results are consistent
with the visual inspection of Figure 1 and the
descriptive statistics—the pace of growth of
broadband speeds has decelerated since
reclassification.
So, based on this simple
analysis, it appears that the Feldian theory of
reclassification and speed holds that Title II is
“bad” and the “virtuous circle” is broken.
Difference-in-Differences Estimator
The simple approach above compares growth in
the past using only U.S. data. We do not have
from this analysis any idea as to what speed
increases might have looked like without the
2015 Open Internet Order, or with an order
adopting the Title I approach to Net Neutrality.
We can up the sophistication a bit to get further
evidence on this apparently important question
for Net Neutrality advocacy by constructing a
counterfactual using comparable countries.
One way to approach the impact of
reclassification on speed, if there is any, is to
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look for an extraordinary jump in average
speeds in the U.S. as a result of the 2015 Open
Internet Order with reference to a counterfactual.
To do so, I employ the standard formulation of
the regression based difference-in-differences
estimator (“DiD”):
yit = D + t + i + it,

(2)

where yit is the the average speed of broadband
connections in country i at time t, D is a dummy
variable that equals 1 for the U.S. during the
period following reclassification (0 otherwise), i
is fixed effect for each country in the sample i, t
is a time fixed effect common to all observations
in time t, and it is the econometric disturbance
term that is assumed to be distributed
independently of all  and .23 I use both the
level and natural log transformation of speed in
my analysis because there was no strong
evidence pointing to the superiority of one or
the other.
As noted above, average broadband speeds
increase; they always have. Consequently, to
determine whether an increase is extraordinary
in some sense, a counterfactual is required. That
is, what would average speeds in the U.S. been
absent reclassification? For that purpose, I need
a control group.
Control countries are selected based on two
technical criteria. First, broadband speeds have
an inherent scale, so the control pool is limited
to countries with similar speeds (±15%) to the
U.S. in 2012 (the first year of data) and 2014 (the
last year before reclassification), thereby
ensuring the countries are comparable during
the pre-treatment period.24
Second, the control group must satisfy the
parallel paths assumption, which holds that the
pattern of outcomes for the control group after
the treatment is an unbiased estimate of what
would have happened to the treated group had
the treated group not received the treatment.
The assumption is untestable, but researchers
typically apply visual inspection and a test of
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equal growth rates prior to the treatment to lend
credibility to the assumption.25 I do both for
countries surviving the first selection criteria.26

Contrary to Mr. Feld’s naïve
assertion that Title II had an
accelerating effect on speed, the
data reveal that average speeds are
lower than where they should have
been “but for” reclassification.
While average speeds are up, the
U.S. is lagging behind expectations.

The final control group includes five countries:
Belgium, Denmark, Finland, Norway, and the
United Kingdom.27
Figure 3 illustrates the
speed data (in levels) for the U.S. and control
countries for the 12 quarters in the pretreatment.
The pre-treatment trends and
average speeds are alike.
Figure 3. Pre-Treatment Speed Trends
F

U.S.

D
US

N
B

UK

We can get a feel what to expect from the
statistical analysis by looking at the average
speeds over time. In Table 2, average speeds are
summarized for the six countries in years 2012
(the initial period), 2014 (the year prior to the
treatment), and the treatment period. In 2012,
speeds were around 6 Mpbs, and by 2014
average speeds had nearly doubled to around 10
to 11 Mbps.
During the treatment period,
average speeds had risen to between 12 to
18 Mbps. As shown in the final column, the U.S.
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is at the bottom of the percentage speed
increases for the sample of countries after
reclassification. U.S. average speed increased
83% between 2014 and 2012, but only 27.8%
between 2014 and the treatment period.
Table 2. Average Speeds (Mbps)
Country

2012

2014

2015+

Increase
(2014, 2015+)

U.S.

6.08

11.13

14.22

27.8%

Belgium

6.58

10.85

13.92

28.3%

Denmark

6.91

11.24

15.66

39.3%

Finland

6.84

11.41

16.45

44.2%

Norway

5.84

10.82

18.05

66.8%

U.K.

5.43

10.62

13.89

30.8%

Turning to the more formal statistical analysis,
Equation (2) is estimated with 120 observations,
with 6 countries and 20 observations each.28 In
this first model, I set the treatment date at 1Q15.
The regression explains 95% of the variation in
the dependent variable (as quantified by the R2).
Results are summarized in Table 3.
The
standard and robust t-statistics are provided, as
well as the clustered t-statistics. Given the small
number of countries in the sample, the latter are
computed using the t-percentile method and the
wild bootstrap.29

y

ln(y)

Coef: 

-1.433

-0.088

T-Statistic

-2.74**

-2.37**

Robust T-Statistic

-4.33***

-3.93***

-1.58*

-1.48**

Clustered T-Statistic
Stat. Sig. * 10%, ** 5%, *** 1%.

Whether using y or ln(y) as the dependent
variable, the DiD estimator () is negative. On
average, the U.S.’s average speed is 1.43 Mbps
lower than the counterfactual in the treatment
period. This difference is statistically significant
at the 5% level or better (with one exception at
the 10% level or better).30 Using the natural log
transformation of speed, the estimated
PHOENIX CENTER PERSPECTIVES 17-07

Based on these results, I can reject the null
hypothesis of “no relative speed difference” for
the U.S. following the 2015 Open Internet Order.
Contrary to Mr. Feld’s naïve assertion that
Title II had an accelerating effect on speed, the
data reveal that average speeds are lower than
where they should have been “but for”
reclassification. While average speeds are up,
the U.S. is lagging behind expectations.
Next, I set the treatment date to 4Q14, when
President Obama’s YouTube video encouraging
his political appointee to reclassify broadband.32
By most accounts, reclassification was inevitable
at the moment. Results from Equation (2) are
summarized in Table 4, and are very similar to
those in Table 3, so I won’t discuss them further.
Table 4. DiD Estimates, Treatment 4Q14
y

ln(y)

Coef: 

-1.356

-0.085

T-Statistic

-2.62**

-2.32**

Robust T-Statistic

-4.21***

-3.79***

-1.61*

-1.50**

Dep. Variable =

Clustered T-Statistic
Stat. Sig. * 10%, ** 5%, *** 1%.

Table 3. DiD Estimates
Dep. Variable =

coefficient is -0.088, indicating the U.S. is about
8.4% below the counterfactual.31 The coefficient
is also statistically different from zero at the 5%
level or better.

Normally, researchers create a buffer between
the pre-treatment and treatment periods by
excluding periods in and around the treatment
date (permitting some time for outcomes to
adjust to new conditions). For the results in
Table 5, I exclude (a) the first two quarters of
2015, (b) all four quarters of 2015, and (c) 4Q143Q14 as buffers.33
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Table 5. Treatment Buffers
: y

: ln(y)

None

-1.433***

-0.088***

1Q15-2Q15

-1.695***

-0.101***

1Q15-4Q15

-1.695***

-0.094***

4Q14-3Q15

-1.735***

-0.100***

Excluded Period

Stat. Sig. (t-stat) * 10%, ** 5%, *** 1% (Robust T-Stat).

In all three cases, the DiD estimator gets larger
(in absolute value) and the DiD coefficients
remain statistically different from zero at the 5%
level or better. After reclassification, the U.S. is
lagging behind expectations in average
broadband speed. “But for” the FCC’s 2015
Open Internet Order, U.S. broadband speeds
would have been about 10% higher, or about 1.5
Mbps faster, on average.
Simple Forecasts
Given that Mr. Feld’s claim focuses on a visual
assessment of the Akamai data, I employ a
simple forecast of average speed to add a more
visual aspect to the analysis. This forecast can
be compared to the actual average speed to
determine whether there has been an
acceleration of speed increases. There is not a
lot of data here and the forecast extends many
quarters forward, so there is an obvious data
limitation. Nonetheless, a sliver of rigor might
improve the assessment of the data, but the lack
of data should be taken into consideration, as it
is with the construction of the confidence
intervals around the forecast.
This forecast approach has a slightly different
interpretation than the DiD approach. In the
DiD method, the average speeds in the U.S. are
compared, in some way, to the average speeds
in a comparable set of countries that serve as the
counterfactual.34 Here, I am forecasting the U.S.
average speed using U.S. data. Thus, this
comparison is one of the U.S. to the U.S., so to
speak, at least as forecasted from historical data.
This approach is more consistent with the spline
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function of Equation (1) and Figure 2 than it is
the DiD estimator.
Given data limitations, I employ the most basic
of forecast models:
yt = 0 + 1t + t,

(5)

where yt is defined as before and t is a quarterly
trend.35 The parameters of the forecast equation
are estimated using data from 1Q12 through
3Q14 (to stay clear of the reclassification
decision), and the estimated equation is then
used to predict speeds in the treatment period.36
Figure 4 illustrates the results for the level of
speed (y), including the 90% confidence bands.37
As shown in the figure, the actual speed levels
are mostly below the forecast and typically
below the lower confidence limit. Speed is
increasing, which is nice, but the figure suggests
speeds are about 1.2 Mbps under expectations
(consistent with the DiD estimates).
Figure 4. Linear Forecast, y
U.S. Speed
U.S. Forecast

Forecast Period

In Figure 5, the forecast for the natural log form
of the dependent variable is illustrated. The
transformation is important. Now, the actual
speeds in the U.S. are well below the forecast
(about 4.2 Mbps), consistently lying below the
lower bound of the 90% confidence bands.
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Figure 5. Linear Forecast, ln(y)
U.S. Speed
U.S. Forecast

cleaner look at the trend. I apply a very low
smoothing parameter for quarterly data ( = 2)
to avoid aggressive smoothing.39 The filtered
data are illustrated in Figure 7.
Figure 7. Smoothed Trends (y)
N

Forecast Period

D
F
US
B
UK

Including a one-period lag of y in the forecast
equation results in the forecast and confidence
limits shown in Figure 6. Now, the actual speed
is consistently below the lower limit of the
confidence interval, and the average loss of
speed increases for the U.S. is 1.8 Mbps.
Figure 6. Trend Forecast with Lag, y
U.S. Speed
U.S. Forecast

Forecast Period

Forecast Period

The trend is U.S. speed is shown as the solid
line, the vertical line indicates 4Q14. Countries,
from largest to smallest in the last period, are
Norway, Denmark, Finland, the U.S., Belgium
and the U.K. (the last two being essentially
equal). Visually, we see that speed in the U.S.,
while increasing, is unremarkable since
reclassification, perhaps declining in the growth
rate.40
Figure 8. Synthetic Counterfactual (y)
U.S. Actual

The forecast results are consistent with the DiD
estimates. The trend forecasts indicate that
speeds are increasing at a rate below
expectations. The evidence reveals a slowing
down of speed growth in the U.S. since the 2015
Open Internet Order. Contrary to Mr. Feld’s
claims, speed increases have not “accelerated,”
but have decelerated following reclassification.
Graphical Methodologies
There are (at least) two other potentially
interesting
empirical
methodologies
for
assessing the data. First, in order to more clearly
see the trends in the data, I apply the HodrickPrescott Filter to the speed data over the entire
sample.38 This filter decomposes the trend in a
series from its dynamic component, providing a
PHOENIX CENTER PERSPECTIVES 17-07

U.S. Synthetic

Treatment Period

Figure 8 presents the results of the method of
Synthetic Counterfactual. Without going into
the
technical
details,
the
Synthetic
Counterfactual is a linear combination of the
control group that best fits the U.S. data in the
pre-treatment period.41 This linear combination
is used to construct a counterfactual during the
treatment period. The results show that the
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actual average speed in the U.S. after
reclassification is below the counterfactual.
In the treatment period, the average difference
between the actual and counterfactual speed is
1.22 Mbps. In 2016, the average difference
between the actual speed and the counterfactual
is about 1.5 Mbps.
These differences are
consistent with the statistical analysis presented
above.

The trend forecasts indicate that
speeds are increasing at a rate
below expectations. The evidence
reveals a slowing down of speed
growth in the U.S. since the 2015
Open Internet Order. Contrary to
Mr. Feld’s claims, speed increases
have not “accelerated,” but have
decelerated
following
reclassification.
Speeds and Economic Welfare
In this PERSPECTIVE, I have taken Mr. Feld’s
theorem about speed and reclassification at face
value. In fact, it is difficult to conceive of a
unambiguous theoretical connection between
Title II and speed increases. Average speed is
the result of many factors, including availability
(which is largely determined by past
investments), measurement methods and
anomalies, and, critically, the adoption choices
of consumers.
At my home, for instance, I can purchase the
standard connection of 60 Mpbs—which I do—
or upgrade to a faster connection of 300 Mbps,
which I can’t see needing for many years. If I
upgraded my connection, I would contribute to
a faster national average rate, even though
nothing has changed in the speed offerings of
my provider. Also, average speeds will tend to
PHOENIX CENTER PERSPECTIVES 17-07

increase as cable’s share of the broadband
market increases, as it has since the 2015 Open
Internet Order.42 I doubt Mr. Feld would take
this as a beneficial effect of reclassification.
By the same math, a highly successful Connect
America Fund program, which requires only a
10 Mbps connection to receive funding, will
drag down the national average speed.43
Consequently, a slower growth in average speed
may signal more broadband adoption in highercost and previously unserved areas, which is a
good thing.
Up to a point, higher speeds for a given
customers are beneficial. Average speeds across
the nation, however, encapsulate many
considerations. Plainly, economic welfare has
no obvious relationship to average broadband
speeds, and economic welfare is the standard by
which policy is judged.

Up to a point, higher speeds for a
given customers are beneficial.
Average speeds across the nation,
however,
encapsulate
many
considerations. Plainly, economic
welfare has no obvious relationship
to average broadband speeds, and
economic welfare is the standard by
which policy is judged.
Conclusion
Despite eight years of harassment by the Obama
Administration’s FCC, broadband providers
continue to offer quality services to the
American public. Average download speeds are
increasing, but they are expected to with or
without reclassification.
There’s no reason
speed should decline.
Also, speeds are
increasing in other, comparable countries as
well. On the question of whether speeds are
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improving relatively faster in the U.S. following
the 2015 Open Internet Order, the statistical
evidence suggests the trend and growth in
broadband speeds are below expectations
subsequent to reclassification.
In some respects, the future looks bleak.
Because of the regulatory revival at the FCC
under the Obama Administration, investment in
telecommunications networks is far below
expectations and declined in 2016, which, in
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turn, may reduce relative broadband speeds far
into the future.44 Consumers will deal with the
worst of the Obama Administration’s regulatory
excesses in future years, though we can hope
that better policies put forth today are an elixir,
fully restoring investment incentives in
broadband networks.
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