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CHAPTER I 

INTRODUCTION 

This case study describes a GAO audit staff'. use of the 
chi-square test for independence. The teat vas part of the 
analysis to eva luate the Law Enforcement Edu~ation Program. 

Our intent in issuing this booklet is to illustrate 
how the chi-square test can contribute to GAO'. work and 
to help auditors recognize when it can be ~d. 

[ n GAO a~di ts. two or more groups lJr subgroups are 
often compared for difCerences. For e~ample. welfare 
reCipients who receive job-related services mlqht be com
pared to welfare reCipients who received none to determine 
if the two groups differ in current emplo~nt 8.tatus . Or 
merrbers of armec;1 forces reserve units vho were satisfied 
witt; their dr ills nri.qht be compared with those we were 
dissatisfi~ to determine if satisfaction is related to 
grade level.. 

When the data from S~~ comparisons are drawn fr?& 

samples rathet than from the entire population, some kind of 
statistical test should be used to determine ~e degree of 
confidence that can be attached to sample results. ~ 
used here, the e~ression·degree of confidence- is how sure 
we can be that the re&ults would be similar if data were 
collected for the entire population instead of for a sample. 
The chi-square test for independenoe is one of the statistical 
tests to establish this. (See appendix I for the aethods 
of computing and interpretinq this test . ) 

This test is used when the available data is categorical, 
as opposed to continuous. Examples of categorical data are 
sex (male or female), race (often expressed in two or more 
categories), location (e.g., urban, suburban, or rural), and 
marital status (sinqle, married. divorced, or separated). 
Continuous data, on the other hand, is data that can take 
any value on a scale (although the scale itself can have 
lower and upper limits), for example, weights and hei9hts of 
adults, aptitude test scores, or baseball players' batting 
averages. 

Although the chi-square test is used with categorical 
data, data that is basically continuous might be found 
recorded in categorical form only. For example, a program 
participant' & income might only be recorded in categories, 
such as unde r $2,000, $2,000 to $5,000. or more than $5.000 . 
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Even data that is recorded continuously .. y actually 
be JIIOre c lJ!:eqorical than continuous: that ia, it ... y cluster 
around certain points . For example, in an analyaia of 
discharged veteran.' yean of military service, the Beale 
could run frOID lea. than 1 year to over 40 year.. However, 
examining the aalllPle data .. y show that the yaars of service 
cluster around three points: 3 year. (the period. of service 
for one enliat.!nt): 20 years (the point at which retiree. 
qet half pay) I and 30 years (the point at which they can 
retire with full pay). When data clusters around. U .ait.ed 
n\Dber of points on .. scale, the appropriate teat i. the 
chi-square teat. to be used after the data ia arranlJed in 
categories. 
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CHAPTER 2 

THE AUDIT APPROACH 

The objective of the Law Enforce.ent Education Prograa 
(LEEP) is to improve the criainal justice syatea by providing 
educational opportunities to persons working in or considering 
criminal j ustice careers. The system includes the police 
force, probation and parole, the courts, and corrections. 
The program is adzrlinistered by the Lav Enforcelllent Assistance 
Administration, which provides ~ney to colleges for loans 
and grants to students of criminal justice. 

To help determine if LEEP's objective wa. being accom
plished, GAO developed a questionnaire to obtain the opinions 
and experiences of former program participants. We obtained 
lists of students who had ooapleted the program at 50 randomly 
selected school. in school years 1912 and 1973. Prom these 
lists, 550 persons were randomly selected to receive the 
questionnaire. We asked about participants' experience in 
the program, their present employment status, "hat they 
had learned, and how LEU affected their decisions c:oncerning 
a c riminal justice career. Responses vere received froa 
465 (SS percent) of the sample. 

The chi-square test for independence was used aeveral 
times in analyzing the responses. Two of these applications 
are detailed in chapter 3. 
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CHAPTER 3 

APPLYING THE CHI-SQUARE TEST 

The data "howed that 96 respondents who had no criminal 
justice experience before entering the program sought such 
employment after completing the program. About 39 percent 
of these failed to find such employment. Table I breaks 
down the data by sex. 

Table I 

Could not Total 
Sex Found a job find a job (note al 

Male 50 " 74 
Female 7 13 20 

57 31 •• -
aTwo respondents did not identify their sex and therefore 
are not included in the table. 

The table shows that for our sample. sex is associated 
with success in finding a job in criminal justice--a larger 
proportion of males than females found jobs. This con
clusion is more obvious when one looks at the percentaqes 
shown in table 2. 

Sex 

Male 
Female 

Sex and 
of 

TABLE 2 

Job-seeking Success 
partlcI~ts 

(percent 

Could not 
Found • job find a job 

•• 32 
35 .5 
., 3' 

Total 

100 
100 

100 = 
Tables I and 2 clearly show that females in our sample 

were much less likely to obtain a job in the criminal justiCE 
field than were males. But remember that we had only a 
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sample of participants. We had to find out whether this 
same result might be expected if the •• .e data were obtained 
for all students who cotapleted the prograJll at the SO colleges 
in 1912 and 1973. This is where the ;hi-square teat v •• 
useful. 

Chi-square compares the actual results with what 
~robably would haw happened if the two factors (in this 
case, sex and employment) vere unrelated. The teat requires 
computing a chi-square value and USing a statistical table 
to interpret that value . Me applied the chi-square teat 
and found we could be 95-percent confident that our con
clusion that sex is related to succe •• in finding a job would 
hold true for the universe of participants . 

Another aspect of the data c:onc,.rned those employed in 
the criminal justice field at the t 1.me they answered the 
questionnaire . The data shoved that most were working .s 
police rather than in other parts of the criminal justice 
system. However. as shown in table 3. ftIOre of those with 
previous criminal justice experience were employed with the 
police tha.n those without previous exper i ence. 

Table 3 

Participants' Previous Criminal Justice 
Experience and Profeulonai Area 

Previous criminal 
justice experience 

Yes 
No 

Police 

256 
...li 
292 

Professional 
Other 

(note al ~ 

41 
23 

297 
59 

356 

area 
Percent 

becoming pol ice 

alncludes probation and parole, courts. and corrections • 

From a chi-square test, we fO\D\d we could be 99-percent 
confident that the same conclusions would hold for the 
ent i re population. 

The chi-square test results were the basis for state
ments included in our report to the Congress, ·Problems in 
Administering Programs to Improve Lev Enforcement Education
(GGD-75-67, June 11, 1975) . 
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CHAPTER 4 

OTHER APPLICATIONS 

GAO has found the chi-square test to be e useful tool 
in evaluating social service programs such as the upward 
boW'ld program. The technique a180 has been used in reviews 
of the aid to families with dependent children program, the 
developing inst i tutions program within the Office of Educa
tion and others. I n each case the test was used to establish 
and evaluate associations between the variables tested. 

In reviewing the aid to faJlilies with dependent children 
program, GAD used the test to deter1Bine whether the services 
provided helped welfare recipients achieve self-support or 
reduced dependency. For example, in table 4 we can see that 
those welfare recipients who received developmental services 
did proportionately better, in term. of reduced dependency 
through employment, than those who did not. The chi-square 
t es t was used to establish that this association was not a 
product of chance related to our s.!lllPle selection. 

TABLE 4 

Services received? Dei?;!nden~ reduced? 

YeB No Total 

Yes 14 .2 7' 
No 0 •• •• 

II !.ll !ll 
A somewhat different application of the chi-square test 

was involved in our review of the developing institutions pro
gram, which provides funds to -financially struggling- colleges 
and universities. GAO wanted to identify those factors 
influencing Office of Education choices of schools to partici 
pate in the program. The chi-square test was used to identify 
the variables that appeared to have some relationship to 
receiving funds, e.g., public vs. private or percentage of 
nonwhite en.rol1ment. variables identified as significantly 
related to whether or not the school received program funding, 
were then further analyzed to identify factors which ten"ed 
to explain the amount of funds allocated. While the chi-square 
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test did not play a visible role in the second analysis, it 
did limit the number of variables considered. 

GAO ha. used the chi-square test extensively to analY%8 
data obtained from questionnaires. This use should not be 
surprising since most questionnaire data is in the fora of 
categor ies or ranges. Typically. respondents indicate 
their answers by checking a block, thereby placing them
selves in a category. The test is commonly used to .~~ bow 
answers to certain questions are a._oeiated. The review of 
the Law Enforcement Education Program described earlier is 
one example. Another example is II recent evaluation of 
State Employment Service operations in eight states. GAO 
tested the relationsh ip between the type of job an applicant 
souq:h t (wh i te collar or blu@ collar) and whether the appl i 
cant contacted the Service when looking far. job. 

Vbb Un or 0 ' . UMc f tM c::b.l-lMlv.a.ft ~t:. fQ.t
l~Pfln.d4paat b b,y no aMJ\ •• 11 1nti uaj~. n 1& d .. lp~ 
mai nly t o i lll.!s tnte the vari_ty o f way. in which the t •• t 
may be helpful. Generally apeaklng, whenever the data 
obtained from a _bliple is in the for- of CAtegories ar 
ranfie-s. or C&n be: put into th.t f~. and the an;alyst.. is 
i.ntere$t:.e.d Ul find i ag .. n.l.U onship be~ t.VQ of 1l't.. 
vu i .:bles. be should eonsider usin9 the ehi-squ.are test 
fo r i ,nde pe.ndence. 
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APPENDIX I APPENDIX I 

The chi-square test for independence involves computing ~ 
a chi-square value and then using a statistical table to ~ 
inteq.. . e t that value. Computing the chi-square value requires 
four steps. These ste ps will be illustrated by using the 
data from table 3, which is as follows: 

Professional area Previous criminal 
justioe experience Police Other Total 

Yes 
No 

256 
36 

41 
23 

For the purpose of the chi-square c omputation. this 
table has two rows and two columns (tota ls not included) and 
four cells. The · Police" column has two cells ( "Yes· and 
·No·) and the ·Other" column has two cells . The steps in ~~e 
computation are as follows: 

1. For each of the cells, compute the expected va lue-
t he value that would be found if one variable had no relation 
to or association with the other variable. (The present 
entries in the table--256 , 36, 41, and 23--are known as 
the observed values.) The expected value for a cell is 
computed by multiplying 

col umn total X row total 
X Total sample total sample total sample 

The expected value for each of the four cells are 
co~uted as follows: 

Cell E~cted Value 

Column 1, row 1 2'2 297 
E6 X E6 X 356 243.6 

Col""" 1, row 2 2'2 X 59 
X 356 48.4 

356 356 

Col""" 2, row 1 6. 
X 2" X 356 53.4 

356 E6 

Column 2, row 2 6. 
X 

59 
X 356 10.6 E6 356 
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APPENDIX I APPENDIX I 

If the expected values are put in a table and elCtlressed 
also in percentages. the table would be as followa: 

Previous criminal Police other 
justice experience NWilber Pe r cent NUllber Percent Total 

Y •• 243.6 .2 53.4 i . 297.0 

No ....!h! .2 10.6 i. 59 . 0 

292.0 .2 64.0 i. 356.0 
= = = 

2 . For each cell, subtract the expected value from the 
observed value. Then. since this table has four cells. sub
tract 0.5 from the difference between the observed and 
expected value to obtain the corrected difference . (If 
the table has six or more cells. the correction factor is 
not used. The reason for using a correction factor in a 
four - cell table will not be explained in this case study.) 
Square the corrected differences. The following table 
shows the difference. the corrected difference, and the 
corrected difference squared for the data in table 3. 

Oift • ..-.,. "'~ ... 
£!!! "'~ ... 4!ff • . rwlee 
~ E!!i>!CUiI !not. I I OUt ......... ....... 

""- , . - , '" 241.' 12.' 11.' 141.' 
CDl.., 1. - , " 41 . ( 12.' 1.1 • , 141., 

Cell .... 2. - , .. 51 • • U. , 11 .' 141.1 
CDl .... 2 . - , " 10 .1 12 .• 11.' 141.6 

lIn th. cni-lIq ... r. ",,"UUon. dl 41th ... ",.,.. In ... ....s to be politi ... 

3. Divide the difference squared for each ce ll by the 
expected value. For table 3. these quotients are: 

Column 1, r<N 1 0.581 

Column 1, r <N 2 2.926 

COl~ 2, row 1 2.652 

Co lumn 2, r<N 2 13 .358 

•• Add the quotients for each of the cells. "". sum is 
the chi-square value. In ou r example. it i. 19.517. 
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APPENDIX I APPENDIX I 

The chi-square value i8 essentially ill measure of the 
degree to which the observed cell values differ in total 
from the values that would have been found had the variables 
not been correlated. 

To interpret the chi-square value, ill table showing chi
square distribution is needed. The higher the chi-square 
value. the higher the likelihood of ill relati onship. The 
followinq is a portion of this table: 

Confidence Level 
Degrees of freedom .9. . 95 .99 

1 2.706 3.841 6.635 

2 4.605 5.991 9.210 

3 6.251 7.815 11. 345 

4 7.779 9.488 13 .277 

The first step in interpreting the chi-square value is to 
comput e degrees of freedom by multiplying the number of columns 
in the table minus one by the nWlber of r ows minus one. Table 
3 bas two columns and two rows . The re fort .. , the numer of 
de grees of freedom is 1. We then look at the row in the 
distribution table for 1 degree of freedom and find that 
our chi-square value of 19 .517 far exceeds the value that 
would indic , te a 99-percent confidence level. Therefore, 
we conclude that the diffe rence between those with previous 
criminal justice experience and those with no such experience 
is significant at more than a 99-percent confidence level. 
We a.re thus ve ry sure that the difference would hold for the 
entire population and not only for our sample. 
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