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Introduction

Purpose and Objectives

The purpose of this NIJ Data Resource Program funded project was to use statistical modeling
techniques to estimate rape and domestic violence rates adjusting for interviewing conditions under
which the National Crime Victimization Survey (NCVS) was administered. We found that the type of
interview (personal or telephone) and the presence of another (particularly a spouse) influences or
"gagged" the reporting of rape and domestic violence in the NCVS.

Our specific objectives were (1) to identify factors associated with reporting rape or domestic
violence, (2) to identify factors associated with conditions of the interview (i.e. the type of interview
(telephone or in-person) and who was present during the personal interview), and (3) to use statistical
\ modeling techniques (expected maximization E-M algorithms) to estimate the annual incidence rates of
rape and domestic violence adjusting for the conditions of the interview and other factors associated both

with reporting the incident and the conditions of the interview.

Why use the National Crime Victimization Survey?

We proposed adjusting the NCVS estimates of rape and domestic violence because this survey
can uniquely provide data estimating crime rates including those reported to police and those not
reported. As the majority of both rape and domestic violence are not reported to police, the NCVS
provides more complete data than does the FBI Uniform Crime Report (UCR). The NCVS was designed
to enumerate crime victimization in the USA. This survey, conducted by the US Census Bureau for the
US Justice Department's Bureau of Justice Statistics, is large (>60,000 households) and was designed to
be nationally representative (BJS, 1983). Although there are limitations of using the NCVS to estimate
rates of both rape and domestic violence, this data set is the only on-going large and nationally
representative survey to directly ask individuals whether they have or not have been victims of specific

crimes.



Why do NCVS rates need adjusting?

Reported rates of both rape and domestic violence vary widely. Annual rape incidence rates
range from 0.7 per 1,000 women, reported from the Uniform Crime Report (UCR; 1986), to 9.0 per 1,000
in a San Francisco area study (Russell 1983). Rape incidence rates were 1.2 per 1,000 from the NCVS
(1985). Crime Victims Research and Treatment Center (1892) reported a rate of 7 rapes per 1,000
women. Annual domestic violence incidence rates ranged from 2.2 per 1,000 women (NCVS data -
BJS, 1986) to 160 incidents per 1,000 reported using the National Family Violence Survey (1986). The
variance in reported rates may be due to differing definitions of rape and of domestic violence, differing
purposes for which the data were collected, differing interviewing methods, and differing detail regarding
the incident (victim-offender relationship, level of violence between intimates, completed rape - meaning
forced sexual intercourse).

NCVS rape and domestic violence rates are under-estimates because: 1) whether a rape
(sexual assault) occurred was not directly asked of NCVS respondents prior to the 1989 redesign (BJS
1989), 2) the definition of "criminal” rape or domestic violence was left to the respondent who may define
rape differently relative to the legal definition or to other surveys, and 3) personal interviews may not be
conducted confidentially (alone) and telephone interviews may not be sufficiently private. Both the
telephone and personal interviews are conducted such that the respondent must tell the interviewer
about the nature of the victimization in her own words; there are no yes/no questions characterizing the
incident. Yes/no questions regarding a crime incident, but particularly rape or domestic violence, would
allow victims to report these crimes in telephone interviews even with spouses present in the home
during the interview. The NCVS does address privately issues by instructing interviewers to conduct
interviews individually; the majority (>45%) are interviewed individually. Further, the issue of the
privacy during the NCVS interview is amenable to statistical modeling techniques to estimate the rates of
rape and domestic violence using existing data on both the mode of the interview and the persons

present during the personal interview. This statistical adjustment then is the focus of our work.



Who benefits from these findings?

Two distinct group will gain from the results of this study: the criminal justice community and the
public health community. The criminal justice community needs to know the actual rates of rape and
domestic violence, not only those reported through UCR, to evaluate how well the criminal justice
community meets the needs of victims and how well criminal justice interventions may reduce the rates
of rape or domestic violence. The NCVS is currently used as the baseline and only population-based
data source to estimate rates of rape for the Centers for Disease Control and Prevention Healthy
People 2000 report (US Public Health Service, 1990). Interventions to reduce rape (or domestic

violence) can and will use the NCVS data to evaluate their efficacy.

Findings
Unadjusted violence rates (Table 1 and 2)

We used the NCVS unweighted data for years 1986-1990. Only women 16 years of age or older
were included in our analyses. We excluded proxy interviews. In total, we identified 428 rapes, 1942
incidents of domestic violence, 13,429 other assaults, 88,950 incidents of breaking and entry, and 28,780
other crimes reported by in the NCVS. A total of 542,072 women reported no crime incident during this
period. The crude crime rates were as follows: rape, 0.66 per 1,000 women; domestic violence, 3.00
per 1,000; other assaults, 20.81 per 1000; and breaking and entry, 137.51 per 1,000. These frequencies

and rates are presented in Tables 1 and 2.

Differing violence rates by setting of the NCVS interview (Table 3)

We found that crime reporting rates did differ by the setting of the interview and the type of
crime reported (See Table 3). Rape was reported 2.4 times less frequently in telephone compared with
in-person interviews independent of who was present during the interview. Similarly domestic violence
was reported 3.1 times less frequently in telephone versus in-person interviews. Other assaults were

reported 50% less frequently and breaking and entry were reported 33% less frequently in telephone
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versus in-person interviews. We noted that the magnitude of the "gagging” effect was smaller for both
other assaults and breaking and entry compared with that for rape and domestic violence. We further
explored the "gagging” effect of who was present during the interview for in-person interviews only
because it is only for these interviews that this information was available. Compared to the ideal setting,
women interviewed alone, rape was reported 2.8 times less frequently when a spouse was present but
1.35 times more frequently when others (excluding the spouse) were present. Similarly, domestic
violence was reported 5.6 times less frequently if a spouse was present for the interview but 1.8 times
more frequently if others were present. These results support the specificity of these “gag" factors for
rape and domestic violence as these factors are ot associated with great differences in reporting other
assaults or breaking and entry. Compared with those interviewed alone, those interviewed with a spouse
present were 1.2 times more likely to report other assaults and were no more likely to report breaking

+ and entry. Compared with those interview alo'ne, those interviewed with others present (excluding the
spouse) were 1.9 times more likely to report other assaults and 1.4 times more likely to report breaking

and entry.
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"Risk factors" for reporting violence crimes (Table 4)

From the crude comparisons (see Table 3), it is impossible to determine whether differences in
reporting are solely a function of the interview setting or of other risk factors for experiencing a crime
which are also associated with the setting of the interview (confounders). We explored the possibility
that demographic confounders may explain these differences in crime reporting rates by "gag" factors.
To do this we first characterized correlates of reporting specific crimes, then correlates of the actual
interview setting, and finally conducted logistic regression analyses characterizing the association
between the "gag” factors interview setting and the specific crime categories adjusting for these potential
confounders (see Table 3). The following describes these findings.

In these data we investigated correlates of reporting rape, domestic violence, other assaults and
breaking and entry. The correlates available for investigation were primarily demographic in nature. Our

" results are presented in Table 4. Compared with women not reporting rape, those reporting were
younger (mean age 26.3; standard deviation 8‘.8), more likely to be non-white, to have annual incomes of
less than $15,000, to be unemployed, to rent rather than own their home, to live in households with more
than 5 persons, not to be currently married, to live in urban areas, within SMSAs, to move more than §
times in the last three years, and not have been in sample by NCVS last interview. Resulting correlates
of reporting domestic violence were similar to those for those rape. Compared with women not
reporting domestic violence, those reporting were younger (mean age 29.5; standard deviation 9.1),
more likely to have a high school or less, to have annual incomes of less than $15,000, to be
unemployed, to rent rather than own their home, not to be currently married, to live within SMSAs, to
move more than 5 times in the last three years, and not have been in sample by NCVS last interview.
Those reporting other assaults were also younger (mean age 31.5; standard deviation 13.3), to be non-
white, to have annual incomes of less than $15,000, to be unemployed, to rent rather than own their
home, not to be currently married, to live within SMSAs, to move more than 5 times in the last three
years, and not have been in sample by NCVS last interview. Correlates of reporting breaking and entry

differ slightly from those of reporting the various assaults; having a higher income (>$15,000) was



positively associated with breaking and entry. However, neither higher education, home ownership, nor

being employed were similarly correlated with reporting breaking and entry.

Adjusted rate ratios for association between interview setting and reporting

crime (Table 3)

After identifying correlates of reporting specific crimes, we calculated adjusted rate ratios for
reporting crimes by interview setting (Table 3). These rate ratios were adjusted for the interviewee's age,
her race, family income, home ownership, number of persons living in the household, whether she lived
within an SMSA, and whether her current housing unit was in NCVS sample last interview. From these
adjusted rate ratios, we again observed that relative to in-person interviews, all crime categories were
reported less frequently during telephone interviews, however, the magnitude of the adjusted rate ratios
were smaller than the crude. The adjusted rate ratios for phone interviews and reporting rape was no
‘ longer statistically significant (95% CI 0.13-1.57). Interview by telephone do appear to be a significant
"gag” factor in reporting domestic violence; domestic violence was reported 60% less frequently in
telephone compared with in-person interviews after adjusting for demographic characteristics of who
completes a phone versus an in-person interview. Although both other assaults and breaking and entry
were less frequently reported in telephone interviews, after adjusting for demographic characteristics, the
magnitude of the relative "gag” factor was less than 20%. When looking at who was present during the
in-person interview, with the referent group being interviewed alone, the importance of the spouse'’s
presence as a "gag" factor on reporting domestic violence and, to a less extent, on reporting rape,
becbmes clear. If a spouse was present during an interview, the woman was 5.3 times less likely to
report domestic violence than if she has been interviewed alone. Although not statistically signiﬂcént,
women interviewed with a spouse present were 2.2 times less likely to report rape than those
interviewed alone (95% Cl 0.6-7.7). Reporting other assaults or breaking and entry were not similarly

associated with a consistent nor marked "gagging” of reports based on the presence of a spouse.
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Table 4: Correlates of Reporting Crimes to NCVS Interviewers by type of crime among women
ages 16+ (excluding proxy interviews)
Correlate Qdds Ratios and 95% Confidence Intervals®
Rape® Domestic Assault® Breaking and
Violence® Entry®
| Age (Mean + STD) 26.31 + 8.82 29.47 +9.12 31.52 + 13.28 35.37 + 14.98
Age (in years) 0.96 0.96 0.97 0.98
(0.94-0.98) (0.95-0.97) (0.97-0.98) (0.98-0.98)
Race: Non-White 2.00 1.25 1.30 1.16
vs. White (1.30-3.03) (0.99-1.59) (1.18-1.41) (1.12-1.20)
Education: >12 years vs 12 1.09 0.75 1.02 1.35
years 0.75-1.59 0.62-0.90 0.95-1.09 1.32-1.39
Income < $15,000 vs > 2.55 2.45 1.14 0.88
$15,000 (1.72-3.79) (2.05-2.93) 1.05-1.22 (0.85-0.91)
Job in last 6 months: No vs 3.25 2.51 2.14 2.06
Yes 1.89-5,58 1.88-3.36 1.90-2.40 1.86-2.17
Home ownership: 3.57 4.00 1.75 1.52
Rent vs. Own (2.44-5.26) (3.45-4.76) (1.64-1.85) (1.47-1.56)
# Persons in Household: > 2.55 0.87 2.40 2.03
5vs<5 (1.00-6.47) (0.42-1.80) (2.00-2.87) (1.86-2.22)
Current Marital Status: Not 3.85 4.76 1.33 1.18
Married vs Married 2.50-5.88 3.85-5.88 1.25-1.43 1.14-1.20
Urban vs Rural Residence 2.09 1.17 1.45 1.60
1.24-3.52 0.96-1.44 1.33-1.57 1.55-1.66
Location in SMSA: 222 1.28 1.47 1.48
Yes vs. No (1.54-3.20) (1.07-1.53) (1.37-1.57) (1.43-1.52)
Number of moves in last 5 2.81 3.25 1.98 1.82
years: >3 vs <3 1.80-4.41 2.66-3.97 1.79-2.19 1.74-1.91
Same Household last 3.13 4.00 1.85 1.82
interview: No vs Yes (2 04-4 76) (3.33-5.00) (1.72-2 04) {1.75-1.89)

10

Comparison group includes those reporting no crime incident or another crime type.

95% ClI confidence intervals adjusted for the NCVS design effect (1.92).




Initial Model for "Gag" Factors

We start our modeling considering only who was present during the interview, what crime was

reported, and whether the interview was conducted in person or by telephone. We use four

classifications for who, in addition to the woman being interviewed, was present during the interview: 1) a

spouse/significant other and no one else, 2) spouse /significant other and at least one other person, 3) at

least one person but no spouse/significant other, and 4) no one present. The three crime reporting

classifications we use are: 1) rape (or domestic violence) and possibly some other crime, 2) other crime,

and 3) no crime. The summaries of the data are provided below in Table 5A and 5B. Because

interviewer observation is used to obtain the information on who is present during an interview, we do not

know who was present during telephone interviews.

‘Table 5A: Observed Data (Frequencies) for Reporting Rapes

In Person Interview Telephone

Type of Crime Spouse Spouse and Other Alone Interview
Other

Rape 6 10 92 96 224

Other Crime 3221 2834 13649 13626 66986

No Crime 20293 11678 44049 67730 402357

Table 5B: Observed Data (Frequencies) for Reporting Domestic Violence

In Person Interview Telephone
Type of Crime Spouse Spouse and Other Other Alone Interview
Domestic Violence 17 21 562 452 893
Other Crime 3210 2823 13179 13270 66317
No Crime 20293 11678 44049 67730 402357

11



The data in Tables SA and 5B is not, of course, the "truth”. Some women may not report an
incidence of rape or domestic violence to a NCVS interviewer under any circumstances. There is no
information in the data to help us adjust for such cases. There are two cases which we may be able to
adjust for. Namely,rthe differential reporting of crimes in telephone versus personal interviews, and the
differential reporting of crimes depending on who is present during the interview. We now describe an
initial model for the observed data that takes into account the potential under reporting of rapes and
domestic violence incidence based on telephone interviews and the presence of a spouse during the
interview.

We first suppose that, if we could only observe it, the complete data underlying Table 5A would
tell us if a crime actually occurred and whether it was reported, was not reported because of the
presence of a spouse, or was not reported because the interview was conducted over the telephone. In

» addition, if the interview was conducted over the telephone, the complete data would include information
on who was present for the interview. Thus, the complete (but unobserved) data for reporting rapes

would be as shown in Table 6.

12



Table 6: Form of Unobserved Complete Data

Personal Interviews

Spouse Spouse+Other  Other Alone
Reported Yii11 Yi12 Y1113 Y1114
Rape Not Reported-Spouse Present Y1121 Y - -
Other Reported Y1211 Y1212 Yi21a Y1214
Crime Not Reported-Spouse Present Y1221 Yiz22 - -
No Crime Reported ’ Y1311 Yis2 Yia13 Y1314

Telephone Interviews

Spouse Spouse+Other  Other Alone

Reported Y2111 Ya112 Y2113 Yo114
Rape Not Reported-Spouse Present Y2124 Y2z - -

Not Reported-Phone interview Y2131 Ya132 Y2133 Y2134

Reported Y11 Y12 Y213 Y2214
Other Not Reported-Spouse Present Y221 Yoz - -
Crime Not Reported-Phone Interview Y2231 Y232 Yo Y2234
No Crime  Reported Y2311 Y12 Y2313 Y2314

Note that some outcomes are impossible, for example, not reporting because the spouse/significant

other is present when the woman was alone for the interview. Such impossible outcomes are denoted by

13



adashin Table 6. The complete data for reporting domestic violence would be similar to that for rapes and,

hence, is not shown here.

We now present a model to describe the probabilistic relationship between the underlying complete data

and the data actually observed. We use the following notation:

w; = probability of crime status | and interview status j
where | =1 if rape, 2 if other crime, 3 if no crime
j= 1if spouse, 2 if spouse+other, 3 if other, 4 if alone

and ZXw;=1
p = probability of a telephone interview
1 - p = probability crime not reported because of telephone interview

1 - & = probability crime not reported because spouse is present

The probabilities underlying the complete data can then be given as in Table 7.

14



Table 7: Probabilities Underlying Unobserved Complete Data

Personal Interviews

Spouse Spouse+Other  Other Alone
Reported (1-p)§w, (1-p)Ew,, (I-pwy;  (1-pw,,
Rape Not Reported-Spouse Present (1-p(1-§Hw,, (1-p)(1-HHuw,, - -
Other Reported (1-p)§wy, (1-p)wy, (1-pwy;  (1-pwy,
Crime Not Reported-Spouse Present (1-p)(1-E)w,, (1-p)(1-Qw,, - -
No Crime Reported (1-p)ws (1-pw;, (1-pwy;  (1-p)ws,
Telephone Interviews
Spouse Spouse+Other  Other Alone
Reported pEpw,, pEPW,, PEPW, 5 pEpw,
Rape Not Reported-Spouse Present p(1-§)pw,;, p(1-&pw,, - -
Not Reported-Phone Interview pE(1-p)w,, pE(1-p)w,, p(1-p)w,;  p(1-p)w,,
Reported PEPW,, PEPW, PEPW,; PEPW,,
Other Not Reported-Spouse Present p(1-§pw,, p(1-&)pw,, - -
Crime Not Reported-Phone Interview pE(1-p)w,, p&(1-p)w,, p(1-p)w,  p(1-p)w,,
No Crime Reported pWws, pWs, oIV pws,

15



Table 8: Form of Observed Data

Personal Interviews

Spouse Spouse+Other Other Alone
Rape Reported X111 = Yia1q X412 % Y1112 X413 = Y113 X314 = Y1114
Other Crime Reported X121 = Yya1q Xiz2 = Y12 Xi23 = Yina Xy24 = Y1214
No Crime Reported Xi31 = Yy X132 = Yz X133 = Yia13 Xi24 = Yia4
* Y * Yi
* Yian * Yiain

Telephone Interviews

Rape Reported

Xo1 = Yor111 ¥ Vo112t Yorus ¥ Yarua

Other Crime Reported

X2 = Y11 ¥ Yooro t Yooz + Yoous

No Crime Reported

X3 = Y2121 ¥ Yoo F Yorz1 F Yo + Yaras ¥ Yaoras ¥ Yoor + Yoo

* Yoou1 * Yoo t Yazas ¥ Yozaa ¥ Yaarr + Yasiz ¥ Yoars + Yasia

16



In the observed data some of the cells from the complete data are mixed up together. Hence we
observe only sums of several cells together rather than all 32 possible cells represented in the complete-data
table. Table 8 presents the notation for the observed data table and indicates which cell counts from the
complete data table are summed together to create the observed data. Again, the observed( data for
domestic violence would be similar to that for rapes and, hence, is not shown here.

The probabilities underlying the observed data are similarly just the sums of the probabilities underlying

the unobserved complete data. They are shown in Table 8.

We may estimate the p, p, £, and w parameters under this model using the EM-algorithm (see, for
example, Dempster, Laird, and Rubin (1977)). The M-step involves maximizing the complete data likelihood
function obtained using the cell probabilities shown in Table 7 and the complete data from Table 6, subject
: to the constraint that Z,%; w; = 1. The likelihood function has a simple, multiplicative form and may be split

into four factors, each a function of only of the p, p, §, and w parameters.

17



The likelihood function, written so that the functions of the four types of parameters
are obvious, is proportional to the following: (A "s" in a subscript indicates summation

over the corresponding index.)

(1-pP)Y1... X PYa...

X 81111 T Y1112 F Yazer F Yazez ¥ Yarer ¥ Yoz ¥ Yoz F Yor1a F Vo131 + Yar32  Yaoa1 F Yooz

X (1-€)¥1121 + Y1122 ¥ Ya221 ¥ Yazoz + Vo121 + Yar2z + Yoo + Yooz

X PYa111 ¥ Vo112 F Y2113 ¥ Yagia F Yoou1 ¥ Yooz + Vo213 ¥ Vo214

X (1-P)¥2131 + Ya132 + Y2133 * Y2134 ¥ Yao31 + Y2232 + Vo233 + Y2234

X WerYar1r ¥ Yoa2e ¥ Yarer T Yaror T Vo130 X WioYiai2 T Yia2z ¥ Yarz ¥ Y2122 t Yai32

X Wi3Y1131 ¥ Y2113 ¥ Y2133 X WigYi11a F Yar1a F Y2135 X WorYi211 ¥ Yiaar + Yaorr + ¥ooo1 + Vo234
X Wao¥1212 F Y1222 + Y2212 + Yazoo ¥ ¥a232 X Wase213 + Ya213 T Y233 X Wag¥i214 ¥ Vo214 T+ Y2234

X W31Y4311 + Y2311 X WaaY1312 + Yaz1z ¥ WasYia3 T Ya313 X WagYiara T Vo314

]

(1-P)Y1... X PYa... % Eay % (1-)a,  pb, % (1-p)b, x {1, ni=14 (Uijy.i.j}

Because of the form of this likelihood function, maximization may be accomplished separately for

the p, p, &, and w parameters. The closed-form estimators are shown below.

P=Y,.../ (Y1... + ¥,..) = (# phone interviews) / (# phone + personal interviews)

=2,/ (a, +a,)
p=b,/ (b, +b)

¥i= Yii! Y.

18



Table 9: Probabilities Underlying the Observed Data

Personal Interviews

Spouse Spouse+Other Other Alone
Rape ReportEd (1'p)§w11 (1 -p)ﬁw,z (1 ‘p)w13 (1 'p)w14
Other Crime Reported (1-p)éw,, (1-p)Ew., (1-p)wys (1-p)w,,
No Crime Reported (1-p(1-Hw,, (1-p)(1-dw,, (1-P)ws, (1-p)wa,
+ (1-p)(1-O)wy + (1-p)(1-Q)wy,
+ (1-p)w,, + (1-p)wy,

Telephone Interviews

Rape Reported PPl§(Wwyy + wyy) + Wiy + wy,]

Other Crime Reported PPIE(W,, + Wy) + Wy + wy,]

No Crime Reported P(1-8)(wyy + wyy) + p(1-p)[§(wyy + W) + Wiy + Wy ]
+ p(1-E)(Wyy + W) + P(1-p)[§(wyy + W) + Wy + Wy

+ plws, + Wy, + Wy + W]

The E-step of the EM-algorithm consists of obtaining the expected cell counts for the complete data

matrix, Table 6, given the observed data and the current estimates of the p, p, £, and w parameters.

19



These expectations are particularly simple in the case of discrete data (see, for example, Little and
Rubin (1987)) and amount to proportionally allocating the xS of the observed data as shown in Table 8

to the x,, cells of Table 6 according to the current parameter estimates. For example,
¥ 1120 = Xeaa { [(1-) (1-0) © ]/ [A-D)(1-8) B 4, + (1-P)(A-E) B oy + (1) © 4] ).
Other expected cell counts may be found similarly and, hence, are not shown here.

The E- and M-steps of the EM-algorithm are repeated until parameter estimates have converged to
the desired degree of accuracy, in our case when all estimated probabilities had relative differences of
no more than 0.0001 between two iterations. Convergence occurred in 233 iterations for our application.

Our model has twelve w parameters with the single constraint that they sum to 1, and the p, p, and &
parameters. Thus there are 14 free parameters. The observed data of Table 8 has 15 cells with the
single constraint that they sum to the total sample size. Hence, we have as many parameters as there
are cells of data to estimate those parameters. This means that our model will fit the data exactly (see,
for example, Bishop, Fienberg, and Holland (1 975)).

The parameter estimates for rapes are shown in Table 10. Notice that the estimated probability of
rape, adjusting for the dampening effect of the presence of a spouse and a telephone interview, is
0.00010 +0.00017 + 0.00036 + 0.00038 = 0.00101. This compares with an estimate of 0.00066 based

on the raw data (Table 2).
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TABLE 10: Estimates for Rapes

b,
- Spouse Spouse + Others  Others Alone
Rape 0.00010 0.00017 0.00036 0.00038
Other crime 0.07870 ’ 0.06906 0.07713 0.07700
No crime 0.05388 0.01270 0.24847 0.38204
p = 0.725928 p = 0.756694 £ =0.231564

The parameter estimates for domestic violence are shown in Table 11. Notice that the estimated
probability of domestic violence, adjusting for the dampening effect of the presence of a spouse and a
telephone interview, is 0.00025 + 0.00031 + 0.00195 + 0.00157 = 0.00408. This compares with an

estimate of 0.00300 based on the raw data (Table 2).

TABLE 11: Estimates for Domestic Violence

b,

Spouse Spouse + Others  Others Alone
Domestic Violence  0.00025 0.00031 | 0.00195 0.00157
Other crime 0.07873 0.06905 0.07526 0.07587
No crime 0.05387 0.01270 0.24847 0.38204

p=0.725928 pH=0.756694 £ =0.233136
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Model for "Gag" Factors Allowing for Other Factors

The saturated model presented above fits the data exactly but does not allow us to take into account
other factors that might be related to being a victim of rape or domestic violence or to a victim’s reporting
such a crime in an NCVS interview. In this section, we report on the results of extending the model
presented above to allow for one of the following other variables: age (less than 30 versus 30 or more),
years of education (12 or fewer versus more than 12), income (less than $15,000 versus $15,000 or
more), land use (rural versus urban), married at time of interview, number of persons living in household
(5 or fewer versus 6 or more), and whether or not the same household was interviewed at the previous
interview. If this additional variable was missing for a woman, her record was not used in the analysis.
Note that we only considered a single additional variable at a time because the observed data matrix
becomes quite sparse, particularly for the rape or domestic violence cells, when more variables are
" used.

The model is a simple extension of that described above and, hence, will not be presented in detail.
The p, p, and § parameters are as defined previously. There is now a third dimension to the w
parameters, reflecting the additional classification variable. The model must again be fit using an EM-
algorithm or some other iterative procedure. There are now 3 degrees of freedom associated with the
model, so that a X? statistic may be used to assess the fit of the model. Table 12 presents the results of
the model fitting.

The results in Table 12 are rather disappointing; the model provides a very poor fit in all cases. This
is our conclusion even considering that the X2 statistic naturally increases as the total sample size

increases, and our sample size of over 600,000 is quite large.
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Table 12: Fits of Models When an Addition Variable is Used

(Note: There are 3 degrees of freedom associated with each model.)

Variable X2 for Rape Data X? for Domestic Violence Data
Age 5457 5756
Education 1715 2042
Income 17417 17576
Land use 449 802
Married 2689 2984
Persons in household 184 528
Same household last interview 41982 42145

Future Work

Although the model presented above does not fit the data well, it does allow for possible extensions
that may provide better fits to the data. Because there are 3 degrees of freedom associated with the
above model, we could refine the model to make it more general. For example, there could be two §
parameters: one for spouse/significant other alone, and one for spouse/significant other and at least one
other person present. |

Additional modeling could be done with the w parameters. Currently we use a saturated model for
the w's. Some preliminary analysis with modeling the three-way tables including crime reported, who
was present for the interview, and one of the seven variables shown in Table 12 suggests that a log-
linear model including all two-way interactions fits some of the tables. The tables for which this

unsaturated model fits the data are those in which the third classification variable is land use, education,
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or married. Thus, additional modeling using one of these variables and the log-linear model having all
two-way interactions might be worthwhile.

Because so many of the interviews are telephone interviews, there is a considerable amount of
missing data concerning who is present for the interview. A high rate of missing data can lead to
estimates with high variances. This suggests that a very important area for future work would include
obtaining variance estimates for the point estimates given in Tables 10 and 11. Variance estimates may
be obtained using the observed information matrix (see, for example, Baker (1992)). It may also be
useful to fit versions of the models proposed above to the data from the personal interviews only, to see

if the parameter estimates are similar to those obtained using all the data.
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