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Abstract-In this paper, using statistical tools I have tried to see whether roads built under Public 
Private Partnership are better in quality than the roads not built under Public Private Partnership. 
Primary data is collected from two separate surveys carried out on a National Highway using Mobile 
based applications. 
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Introduction 
 

Roads built under PPP usually cost more than those not built under PPP .But increased costs leads to 

better quality of road or not is what I intend to see in this paper. In other words, does higher costs of a 

PPP road also mean higher quality.  

 

In this paper, Road roughness samples of PPP and non PPP roadshave been drawn from 2 separate 

surveys carried out on the national highway connecting Delhi – Gurgaon.  

 

Road Roughness can be measured using big accelerometer machines which are not only expensive but 

would entailconsiderable trouble in recording data. In an innovative venture, I attempted to measure 

road roughness through various accelerometer applications available on android and I phones. These 

applications are cheaply available and are convenient to use.  

 

The results are related to the statistical techniques that will help us in the analysis that that we carry out 

on the data we collect. 

Section 1 describes the statistical techniques. Section 2 is the relevant statistical analysis work for the 

two surveys. 
 

 
 
Section 1 
 
The statistical techniques – 

 
 

 

Deleting first and last 5 sec observations in each sample 
 

 

While starting and stopping the device, there will be artificial jerks on the device which could change 

the observations dramatically. In fact a graphical analysis does suggest that in most cases the 

observations in the beginning and towards the end are away from the mean. For example - The PPP1 

sample in survey 1 in section 3 would show how just a very small portion in the beginning has caused 

the Standarddeviation to be 0.41. Otherwise if we delete the first 10 sec sample in this the SD is 0.37. 

 



3 
www.ssijmar.in 

 

 

The line graph clearly shows that there is an unusual vibration in the beginning and standard deviation 
is dramatically affected by this. 
 
 

Using the F test? 

 

As explained in earlier sections we use standard deviations to compare the two kind of roads. We are 

abstaining from using an F test to test equality of standard deviation. This is because of the large 

number of sample points that we have. Every sample has more than about 10000 sample points. As 

such, an F test will always reject equality in null hypothesis even for two samples on the same road. For 

example if 2 PPP samples have standard deviations 0.35 and 0.36 and a non PPP sample have standard 

deviation 0.5, F test will show that the standard deviation of the PPP and non PPP samples are 

statistically different but it will also show statistical difference in the two PPP samples which is counter 

intuitive. Hence we avoid such tests. What we do is measure these deviations and show that absolute 

differences are enough to account for a difference in roughness of roads. We supplement these results 

by some robustness checks. 
 
 

 

Robustness checks 

 

Because we are not measuring every part of the road for its entire stretch, we are bound to get 

variations in samples. A particular sample could be randomly biased. For one particular road, it is hence 

advisable to take multiple samples and carry out the analysis for each of them. Moreover samples on 

each side of the road will add comprehensiveness to the data and also make the analysis more reliable. 

 

In the analysis of survey 1, we also carry out a uniformity analysis as a robustness check. For each 

sample we divide the observations into different segments (which amounts to segmenting the road 

sample that we have). We try and figure how different the various segments of a road in a sample are. If 

the variations within these segments are small, it suggests smoother road which is fairly uniform too. 

The results give us the idea that even when the standard deviations in a PPP are close to what they are 

in a non PPP, PPP roads are more uniform and hence different in quality from non PPP roads. We will 

explain this in more detail in section 2 
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In another robustness checks we check for extreme observations. In section 3 survey 1, observations 

greater than 1 and less than -1 are counted. We see that these set of observations are much higher in 

the non PPP road samples. 
 

 

Sensitivity of the device to be used 

 

The sensitivity of the device should be kept at the fastest mode (which measures nearly 100 samples per 

second or more in the iPhone). This only means that for the same stretch of time we get more number 

of sample points. A sensitivity analysis (done in survey 2, sheet named ‘sensitivity analysis’ shows that 

with the slow and slowest sensitivity the results could get really perverse in the sense that standard 

deviation might increase or decrease. So mathematical and logical sense provokes us towards the 

fastest sensitivity and (hence one of the higher end phones too). 

 

 

A note on the International Roughness Index 

 

The International Roughness Index (IRI) is a scale for roughness based on the simulated response of 
a generic motor vehicle to the roughness in a single wheel path of the road surface. 

 

Its true value is determined by obtaining a suitably accurate measurement of the profile of the road, 

processing it through an algorithm that simulates the way a reference vehicle would respond to the 

roughness inputs, and accumulating the suspension travel. It is normally reported in inches/mile or 

meters/kilometer 
 

Some points to note – 

 

 Calculated at 80 km/hr. (49.7 mph) to cover the same wavelengths that affect road 
using vehicles.

 Fast speeds are effected most by long wavelengths


 Slow speeds are effected most by short wavelengths2.Sensitive to the range of wavelengths 

detectable by most road users (4 to 100 feet).3.Maximum sensitivity to the most objectionable 

wavelengths, body bounce (~50 ft) and axle hop (~7 ft.)
 

Justification for choosing the IRI 

 

 Defined by a mathematical function of the longitudinal profile rather than by a piece of 
equipment (time stable).


 Compatible with both manual profile measurement methods and high speed methods of data 

collection (transportable).
 Reflects the roughness that affects the driving public (relevant).

 The same index is generated regardless of the hardware when applied to the same road (valid).
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Section 2 
 

Survey 1 
 

This was carried out using the Samsung SIII. 

 

 The two files PPP and Non PPP contain the different sample observations (acc. in Z direction) 

in different worksheets. The name of the worksheets is the name of the file as we recorded 

and saved it on our phones.


 We only used 3 PPP and 3 Non PPP samples (based on whether or not we had a minimum of 

120 sec sample (at speed of 60 kmph around 2 km). See worksheet named ‘main results’ in the 

file Final results.

I Used Unitary method to calculate the sample for those 120 sec. e.g. File 18 had 24487 sample 
points. But we used only 24487/248 *120 =11848. Similarly we did for the other 5 files. I roughly 
got the same number of observations for all. However the minimum was 11828. So I only 
considered 11828 no. of sample points for each of the 6 road samples. (The difference 
betweenthe highest and the lowest number of sample points in any of these 6 road samples was 
not even a 100, which means cutting down observations for less than a sec.) 
 

 I did not delete the first 5 sec observations which we should have in these samples for 
reasons explained earlier. But later we did and the results are the following.

 

File name PPP1 PPP2 PPP3 NonPPP1 NonPPP2 NonPPP3 

SD without 0.41 0.38 0.35 0.46 0.54 0.55 
deletions       

SD after 0.37 0..38 035 0.44 0.53 0.55 
Deletions       

 
So apart from the first sample there wasn’t much of a change. So it is always advisable that 
we make this deletion for more accuracy. 

 

 The ‘Graphical analysis’ in the next worksheet portrays two kinds of graphs


 The density curves of the 6 road samples. There are 3 graphs – All PPP, All Non PPP and 
ALL.


 The scatter plot for different observation.




 The third worksheet has the sensitivity analysis.
 

Robustness checks 
 

In the other excel sheet named uniformity analysis we have done the uniformity analysis. The 

observations in worksheet named PPP1 and NonPPP1 are divided into 40 equal segments. The 

observations in worksheet named PPP2 and PPP3 and NonPPP2 and NonPPP3 are divided into 10 

equal segments. The observations in worksheet named PPP2$ and PPP3$ are divided into 40 equal 

segments. I  draw graphs for all of these in the results worksheet. 

 

I find that the PPP roads are in fact much more uniform whereas the non PPP roads were much less 
uniform. This is just an additional check with the standard deviations. 
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Survey 2 
 

Survey 2 was carried out on the same road but this time the observations were recorded 

using two phones the Samsung S III and an IPhone. There were a total of 15 different 

samples collected, 9 on a PPP and 6 on a non-PPP road. Part A will give the analysis using 

data from the Samsung SIII and Part B is the analysis of data collected through the I Phone. 
 

Part A- Data collected from SIII 

 

 Deleting first and last 5 sec observations. With sensitivity 100, 500 beginning 
and 500 end observations constitute as the 5 sec observations which we delete. 
The sheet named ‘original data’ in the two excel files PPP and Non PPP is the 
data after making these deletions.


 For comparison of any two roads using standard deviation, the speed of the car, 

the sensitivity as well as distance travelled should be the same as explained 
earlier.


 The data sample with sensitivity game (50 samples per second) has been 

highlighted blue in both the files. For sensitivity ‘Game‘ (50 samples per second), 
there is only one sample in eachof PPP and Non PPP roads. The standard 
deviation of the two are 0.33(PPP) and .42(non PPP) suggesting that it was in fact 
the case that the two road samples were not quite the same.

 

 
 

6
1

1
9

 

It is evident from these graphs that variations in accelerations are higher in the non PPP 
sample.Itmust however be noted that the non PPP sample was taken at a lower speed (40 kmph). As 
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such,going by the earlier analysis on speed, the difference in variance of the two could have been 
more had both these been taken at 60 kmph. 
 

 All the other samples have higher sensitivity (100 samples/sec). But we will not use all of them 

for our analysis. The samples which are too short in time duration will be ignored (highlighted 

red). In this analysis we are ignoring samples with less than 120 sec duration. Now from the 

remaining samples, the one with the shortest time duration (145 sec), file – 46 of non PPP has 

14346 sample points. So we capture only these many sample points of the rest of the samples 

and delete the rest. After these deletions, the samples we will be using are highlighted green. 





 



 

 



 
 

 

 

 

 











PPP File name Std. dev Non PPP File name Std. dev 
      

 32 0.33  40 0.36 
      

 34 0.38  46 0.42 
      

 35 0.43  47 0.41 
      

 42 0.31    
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The standard deviations of the PPP are on an average lower than the non PPP samples. It should be 
noted here that sample 40 corresponds to a newly constructed non PPP road and hence its standard 
deviation was low. The graphs show more variations in the non PPP samples. We do a robustness check 
different from the uniformity analysis that we did earlier to make this claim stronger. 

 
Robustness checks 
 

If we once consider, all the samples once, we find that all the NonPPP samples have high standard 

deviations (except 40 because it was newly constructed) and al the PPP samples are in fact with low 

standard deviations( except for files 35 and 44 which could be accounted for by the flyover right 

after the toll begins) . But how low is the key question. The sensitivity analysis done earlier should 

give us similar results but in this robustness check we count the number of acc. Values in a sample 

which are extreme values. We counted the ones greater than 1 or less than -1. 

 

PPP File name Count Non PPP File name Count 
      

 32 145  40 167 
      

 34 192  46 399 
      

 35 393  47 326 
      

 42 60    
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Part B- Data collected from IPhone 

 

 The two files PPP iPhone and NonPPP iPhone contain sample observations (accl. only for Z-axis) 

for both PPP and Non-PPP roads respectively. The observations vary according to the 

sensitivity (measured in Hz, observations per sec) – 50, 100, 200.



 There are 6 relevant samples (named Sample 1, sample 2,……,sample 6) for PPP and 5 (named 

sample 1,….sample 5) for Non PPP. Both the PPP and NonPPP files contain several sheets each of 

which the first sheet(“PPP” and “NonPPP”) contains the data for different frequency and time 

duration only with the addition that first 5 and last 5 secs have been deleted for each of the 

sample. E.g. if sensitivity is 50 (say) the first 5X50 = 250 sample points and last 250 sample 

points have been deleted.



 The second sheet (“PPP1” and “NonPPP1”) contains exactly the same data as the first sheet with 

the exception that here we only choose the data relevant for our analysis. For instance in the 

PPP1 and NonPPP1, the columns marked red have not been included in the analysis due to 

logistic issues like small duration.



 To compare across the PPP and NonPPP roads,we calculate the standard deviations for the 

two roads (based on the observations) . But we cannot compare the two when time duration is 

different across a particular sensitivity sample (i.e. we cannot compare 30 secs PPP and 45 secs 

NonPPP sample for 50Hz frequency). Hence for a particular frequency we choose the sample 

with the lowest time duration as standard and then make all others of the same frequency to 

have the same duration (by deleting sample observations as done before). We apply the 

procedure to 50,100 and 200 Hz samples.



 For samples of 100 Hz: Sample 1, 2,3 of PPP and 1,2,3 of NonPPP are now all of 111 

secs(leastduration of all) and then compared. The standard deviation of the NonPPP is 

consistently higher for all the samples indicating more roughness.



PPP Sample Std. Dev Non PPP Sample Std.Dev 
      

 1 0.55504571  1 0.541313183 

      

 2   2 0.624539634 
  0.61251693    

      

 3 0.470616722  3 0.623771903 
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The standard deviation for PPP road is roughly lower as compared to the NonPPP. It is to 

be noted that Sample 1 of NonPPP road corresponds to lower std.dev since it was a newly 

constructed NonPPP road. 

 

 For samples of 200Hz : Samples 4,5 of PPP and 5 of NonPPP all have been uniformly made 

to90 secs sample. The standard deviations show a marked difference as compared to 100Hz 

sample.
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The two samples showed a much higher variation in terms of standard deviation. 
 
Along with indicating higher road roughness, it also shows the higher sensitivity samples capture the 
difference better than lower ones. 
 
 

 

 For sample of 50Hz: Sample 6 of PPP and sample 4 of Non PPP also show higher 
standarddeviation for Non PPP road once made comparable.

 
 

 

PPP Sample Std. Dev Non PPP Sample Std.Dev 
      

 6 0.519779746  4 0.066028328 

      
 

 

 
 
 

Again, the standard deviations show a marked difference between the PPP and Non PPP files, 
higher in the Non PPP one 
 


