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Abstract: This note describes why the current tabulation audit process for India elections: 
comparing manual vote counts with declared counts of 5 Electronic Voting Machines per 
assembly constituency is not sufficient.  
 

The legitimacy of an election is directly related to its perceived transparency by all candidates 
and voters.  For this reason, elections should be evidence-based  and provide sufficient evidence 
to convince the losers and their supporters that they lost.  

This writer has previously described how EVMs, like all other computerised or electronic vote-
counters, can be tampered with. But, more importantly, all such vote counters are opaque to the 
public and reduce the transparency of an election. Thus, simply saying “it is so because the EVMs 
say so and they are tamper-proof” or “we test the EVMs and they are secure” is not sufficient. 
Voters and losing candidates should not have to trust an opaque machine and its counting 
mechanism, or an insider design, manufacture, testing and maintenance process.  

For example, it is possible that the precautions of the EC are circumvented, including by insiders 
such as maintenance engineers. It is also possible that all processes are not followed as described 
(for example, VVPAT checks routinely unearth instances of mock election votes being included in 
the tally). Irregularities have come to light in the last few days: unused EVMs were transported 
without security; there was at least one complaint of an EVM serial number not matching at 
counting time; an RTI filing revealed that 20 lakh EVMs claimed to be delivered by the 
manufacturers are not in the possession of the EC; another reveals that the micro-controller chip 
used in EVMs is not one-time programmable as claimed by the EC. These belie the EC’s claims of 
a tamper proof device and process.  

It is also not fair to shrug off the issue of EVM security saying that it is always the losers who 
question EVMs. Rahul Gandhi voiced his concerns about EVMs even as the Congress saw large 
gains in the 2018 Assembly elections. The BJP itself claimed to be able to demonstrate EVM 
hacking in 2009 after a major loss in the general election. EVM security has been an issue of 
concern among various parties since then. And, finally, all the losing parties together represent a 
large fraction of the voters whose concerns are, by definition, legitimate.  

  



 

Cross-checking EVMs is important 

There is a simple solution to making the election extremely transparent while continuing to use 
EVMs. VVPAT slips, if securely stored, can be used as evidence and cross-checked to increase the 
transparency of the particular election. If the cross-checking corroborates the results shown by 
the EVMs, this would satisfy sceptics that the particular elections were not rigged. And, indeed, 
those saying EVMs are tamper-proof should not fear such cross-checking; if they are right, it can 
only buttress their argument. On the other hand, if the cross-checking does not corroborate the 
results, the VVPAT slips for that Lok Sabha constituency can be manually counted to determine 
who the true winner is.   

The idea is not to fully manually count the election and ignore EVM counts, but to verify that the 
correct winner has been announced. The cross-checking requires far less effort than a full manual 
count would. However, if a cross-check fails, then it is best to do a full hand count of that Lok 
Sabha constituency.  

Cross-checking of paper VVPAT slips has often been derided as a step backward and just another 
predictable distraction drummed up by the Opposition. In fact, it is an important step in ensuring 
that the results are correct, and in demonstrating this fact to the voters. 

 

How many EVMs should be cross-checked? 

At the request of the Election Commission, Abhay Bhatt of Indian Statistical Institute, Delhi, and 
others provided a report describing how many EVMs should be cross-checked and why. The 
report recommends the cross-checking of only 479 EVMs across the country, independent of how 
many total EVMs there are. It says that, if a fraction of 2% or more of the EVMs are faulty, cross-
checking 479 chosen at random across the country will be sufficient to detect this fact with virtual 
certainty.  

In response to a petition from the Opposition parties that the then standard of cross-checking 
one EVM per assembly constituency was not sufficient, the EC used the Bhatt Report to claim 
that their approach resulted in checking 4,125 EVMs over the entire country and was hence more 
than sufficient. However, the Supreme Court ordered the Election Commission to increase the 
number of cross-checked EVMs to five per Assembly constituency in order to assuage the 
concerns of the petitioners (this corresponds to 20,625 EVMs across the country). The court later 
turned down another petition by the Opposition parties to count 50% of EVMs per constituency, 
saying this was not necessary.  

Members of civil society have asked for all the VVPAT slips to be counted.  

That’s a wide variety of recommendations. What should we do now? How many EVMs should we 
cross-check? Is there a rational explanation that might guide us in our choice? 



The Chance of Detecting Incorrect Outcomes with Five Cross-Checks Per Assembly Constituency 

The number of EVMs that need to be cross-checked depends on at least two variables.  

First, it depends on the fraction of EVMs reporting incorrect counts. A larger fraction is more 
easily detected.  

Second, it depends on what probability of detection is acceptable. If a lower probability is 
acceptable, fewer EVMs need to be cross-checked.  

Using Election Commission data for the 2014 Lok Sabha election and scholarly contributions in 
the literature, we can make some rough calculations assuming all constituencies are average.  

Using number of votes cast and balloting units used in the 2014 election, we estimate that, on 
average, about 3,024 EVMs are used per Lok Sabha constituency. The current procedures require 
that five EVMs are cross-checked from each Assembly constituency, which corresponds to about 
38 per Lok Sabha constituency.  

Table 1 presents approximate probabilities of detecting errors with this level of cross-checking; 
these numbers are intended to be approximate and we make no claims that they are exact 
numbers.  They do, however, give us a sense of the order of magnitude of the probabilities and 
illustrate the approach being proposed.  

We say that an error is detected if even a single EVM count does not match the hand count, after 
the hand count has been verified by recounting that batch of slips. Note that if the hand count 
does not match because some mock poll votes were not zeroed, it is still a detected error which 
should lead to a hand count of all machines for that constituency. If one wishes to ignore 
mismatches that are clearly because of mock polls, the number of EVMs that needs to be cross-
checked needs to be larger.  

Table 1: Chance of Detecting Errors using the Current Proposal of Five Cross-checked EVMs 
per Assembly Constituency  

 

Misreporting EVMs in a Lok Sabha 
Constituency 

Approximate Chance of Error Detection in 
that Constituency 

25% Virtually certain 

20% 0.9998 

10% 0.98 

5% Six of seven (0.86) 

2% One out of two (0.54) 

1% One out of three (0.33) 



 
Comparing These Results to the Claims of the Bhatt Report 

Why do the numbers in Table 1 diverge considerably from the Bhatt-Report recommendations 
(479 EVMs cross-checked across the country will detect a 2% rate of faulty EVMs with virtual 
certainty)? Table 1 says five EVMs cross-checked per assembly constituency, a number more than 
40 times larger than 479, will detect the problem with probability only about a half? 

First, the Bhatt report considers a 2% rate of faulty EVMs all across the country, while the above 
table considers it for a single Lok Sabha constituency. So, when the Bhatt Report assumes 2% 
EVMs are faulty, that is 543 times as many as are assumed in the table above. If about 16 lakh 
EVMs were used in the election, the Bhatt Report approach is proposed to detect if more than 
32,000 were faulty, or, if roughly more than a crore votes (of about 60 crore cast) were potentially 
incorrect. It is not being proposed for the detection of fewer faulty EVMs, or tens of thousands 
of incorrect votes, which would be sufficient to swing a single Lok Sabha seat.  

Second, and relatedly, the Bhatt Report does not explicitly say anything about faulty EVMs in a 
single constituency. It argues that there is no difference among constituencies that would be 
relevant to the working of the EVM and hence a constituency is not the unit to focus upon. it says 
the only kind of EVM faults assumed should be assumed to exist countrywide. If there is rigging 
in the elections, the election to every seat will be rigged by a similar fraction of the EVMs. It says 
this is because of all the precautionary measures taken by the EC, which prevent individual 
constituencies from being targeted.   

This is a circular argument. The reason we are cross-checking the EVMs is to have a transparent 
process that does not depend on the EC’s assurances, but is verified by the evidence. It is not the 
public’s job to suggest a possible attack on EVM security that the EC will then refute. It is the EC’s 
job to prove, through the VVPAT cross-checks, that the elections were correctly called.  In 
designing the cross-checking process to prove that all went as they assure us it did, they cannot 
assume that most of it did! They may assume only that which can be verified publicly, such as a 
VVPAT count.  

In a similar incorrect statement, the Bhatt Report claims that previous cross-checks of the VVPAT 
machines have not resulted in the detection of miscounts, and that this, too, provides statistical 
evidence that EVMs cannot be rigged. The field of election tabulation audits is well established, 
and it is understood there that each election is audited separately. It is not the technology that 
is being audited, but whether it functioned correctly and called this particular election correctly. 
In fact, the public does not know if the technology has changed between elections, or if existing 
malicious technology on the EVM has been activated between elections. Evidence from previous 
cross-checks, on totally different machines for totally different elections, should not be used as 
evidence for a current election.   



The assumption that the unit to focus on is the entire country is a major flaw in the reasoning of 
the Bhatt Report. As a result, the report has provided the correct answer to the wrong question. 
Because the purpose of the cross-checking is to demonstrate that each constituency was 
correctly called, the unit should be a single Lok Sabha constituency.  

Third, the Bhatt Report (correctly) says that the number of EVMs to be cross-checked is roughly 
independent of the total number of EVMs (yes, this is roughly true if not intuitive). Hence we may 
apply their result to the unit of the Lok Sabha constituency: in order to detect a 2% rate of faulty 
EVMs in a single Lok Sabha constituency with the same degree of virtual certainty as in the Bhatt 
Report, one needs to cross-check roughly 479 EVMs in that constituency. (A quick glance at the 
table provided in the Bhatt Report shows us that the exact number is between 443 and 447, with 
the difference being due to the smaller number of EVMs in a single constituency compared to 
those used all over the country.) 

Fourth, the converse of the third point above also holds. Five EVMs per Assembly constituency 
corresponds to an average of about 38 EVMs per Lok Sabha constituency. If 38 EVMs are cross-
checked across the country, and the rate of faulty EVMs in the table are rates across the country, 
the probabilities of detection should be approximately as in our table.  

Relationship of Number of Misreporting EVMs to Election Margin 

How should we evaluate the number of misreporting EVMs in Table 1? Can the election outcome 
be correct if, say, 5% of the EVMs misreport?  

Observe that one vote moved from the winner to the loser changes the margin by two votes, 
because the winner’s tally decreases by one and the loser’s increases by as much.  

Consider a simple scenario of two candidates getting most of the votes, and one-fifth of the votes 
in all the faulty EVMs are moved from winner to loser. Suppose that 10 lakh votes are cast in that 
constituency, 4000 EVMs used, each recording 250 votes. In this case a misreporting EVM rate of 
5% corresponds to 200 misreporting EVMs, moving one-fifth of their votes each, a total of 10,000 
votes, from the winner to the loser. This could change the outcome of a race with a margin of 
20,000 votes or 2%. Similarly, 10% misreporting EVMs could change an election with a margin of 
4% (roughly 40,000 votes in our example). 

Assuming that one-fifth of votes are changed per misreporting EVM, we get the following plot 
for detection probability as a function of margin.  

 



 
Figure A: Probability of detection as a function of margin when five EVMs are cross-checked per assembly 

constituency, and one-fifth of the votes in a faulty EVM are flipped from announced loser to announced winner 
 
A brasher attempt to rig the election would change more votes per EVM and result in fewer 
misreporting EVMs (because each misreports by a greater amount), and a lower probability of 
detection through cross-checking. However, in such a case, the rigging might be more obvious 
from the announced tallies, which might appear very different from expected. For example, if all 
votes in an EVM were for a single candidate because votes for all other candidates were moved 
to this candidate, this could attract attention and suspicion.  

Reasoning about how many EVMs to cross-check 

The chances of detection in Figure A are not good enough for contests with narrow margins. How 
should we improve on our chances of detection?  

The correct way to do this is to choose the number of cross-checked EVMs based on the margin 
of the constituency. If the margin is 10% (corresponding to 25% misreporting EVMs if each 
changes one-fifth of the votes from the loser to the winner), it is sufficient to check three EVMs 
per Assembly constituency, or about 20 per Lok Sabha constituency, for a detection probability 



of 0.9987. In this case, it is not necessary to cross-check more, and the resources can be diverted 
towards closer elections.  

The following table lists the approximate required number of cross-checked EVMs for some 
example margins, for a detection probability of at least 0.98 (which is smaller than the detection 
probability guaranteed by the Bhatt Report, but appears reasonable).  

 
Table 2: Approximate number of cross-checked EVMs required per assembly constituency to 

detect rigging with probability 0.98 or more in Lok Sabha contests, assuming one-fifth of 
votes are flipped in faulty EVMs 

 

Margin of Lok Sabha Contest Number of Cross-Checked EVMs Needed Per 
Assembly Constituency for Detection 
Probability 0.98 

10% 3 

8% 3 

4% 5 

2% 10 

1% 20 

0.8% 25 

 
 
Thus, the smaller the margin, the more EVMs we need to check. This is because fewer EVMs need 
to be rigged to change the election, and if we don’t check a large number, we will miss the few 
that were rigged.  

A more accurate approach than that we have described would take into consideration the 
variation in number of votes across EVNs.  A completely different approach specially designed for 
the Indian election is described by Mohanty et al.  

Other important aspects of the election audit 

We can only rely on VVPAT cross-checking if the VVPAT slips do indeed represent the will of the 
voters.  

Currently, there is a heavy penalty for voters who complain that their slip did not represent their 
vote if the EVM does not demonstrate the same behavior when it is tested by an official. This 
dissuades voters from complaining. On the other hand, if we accept all complaints, voters may 
choose to lie to call an election into doubt. One solution is to design the VVPAT machines so that 



a voter may cancel her vote if the slip does not represent it correctly and she may vote again on 
a different machine if available.  

The VVPAT slips must be securely stored between vote casting and cross-checking.  

The EVMs chosen for cross-checking must be chosen at random; the current proposal of using 
lottery drawing by candidates and their representatives could serve this purpose.  

The proposal to count VVPAT slips for each election is a very good one. It would be more effective 
for the purpose of checking the election outcome if more EVMs were cross-checked, and how 
many are cross-checked can be decided by the margin of the constituency using simple formulae 
such as those proposed in Aslan et al. More complicated approaches may be used if one wants 
to take into consideration the variation in the number of votes across EVNs.  
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