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Abstract

We know relatively little about the development of disruptive behaviors (DBs), and gender 

differences therein. The objective of this study was to describe the continuity and discontinuity in 

the degree to which young children in the general population are reported to exhibit specific DBs 

over time. Data came from the Québec Longitudinal Study of Child Development. First, the results 

show that relatively few children exhibit DBs on a frequent basis at 41 months of age. Second, the 

results show that a majority of children who exhibit a particular DB on a frequent basis at 41 

months of age did not do so 1 year earlier. In addition, a majority of children who exhibited a 

particular DB on a frequent basis at 29 months of age no longer do so 1 year later. Third, gender 

differences in DBs (boys > girls) are either emerging or at least increasing in magnitude between 

29 and 41 months of age. Consistent with the canalization of the behavioral development 

principle, children who exhibited DBs on a frequent basis at 29 months of age are less likely to 

stop doing so in the following year if they had exhibited the same behaviors at 17 months of age.

Many disruptive behaviors (DBs) already are part of the behavioral repertoire of the child by 

the end of the second year of life (Forman, 2007; Hay, 2005; Loeber & Hay, 1994; D.M. 
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Ross & Ross, 1976; Stifter & Wiggins, 2004; Tremblay et al., 1999). The next 2 years of life 

also are often considered to be very important for children’s socioemotional development 

(Brownell & Kopp, 2007; Sroufe, 1995; see also Campbell, 1990, 2002).

There is now emerging epidemiological evidence about the development of DBs during 

toddlerhood. First, relatively few children in the general population exhibit DBs on a 

frequent/severe basis before 2 years of age (Baillargeon, Normand et al., 2007; Heinstein, 

1969; Mathiesen & Sanson, 2000). In a probability sample representative of children born in 

1997 to 1998 to mothers living in the Canadian province of Québec (N = 1,985), 13 

behaviors of opposition-defiance, inattention, hyperactivity, and physical aggression were 

investigated (Baillargeon, Normand et al., 2007). At 17 months of age, based on mothers’ 

reports (i.e., ratings on a 3-point Likert scale—never, sometimes, or often), behaviors of 

physical aggression and inattention were exhibited on a frequent basis by fewer than 6% of 

children. Behaviors of opposition-defiance were more common. Between 10 and 16% of 

children exhibited these behaviors on a frequent basis. As for hyperactivity behaviors, at 

least 17% and up to 36% of children exhibited them on a frequent basis. Similar findings 

were obtained in large-scale studies that documented the intensity/severity/frequency of DBs 

in children under 2 years of age (e.g., Tremblay et al., 1999; van Zeijl et al., 2006).

Second, gender differences appear to already be present in some DBs before 2 years of age 

(Baillargeon, Normand et al., 2007).1 The study by Baillargeon, Normand et al. (2007) 

found that at 17 months of age, boys were more likely than were girls to be distracted, 

restless, or hyperactive and to fidget, kick, bite, and hit other children on a frequent basis. 

Further, gender differences increased in magnitude between 17 and 29 months of age in 

some of these DBs (i.e., restless or hyperactive and fidgets) and emerged in others (i.e., 

fights and attacks), with boys being more likely to start and girls being more likely to stop 

exhibiting DBs on a frequent basis during this period.

Third, there is substantial discontinuity in the degree to which children exhibit DBs during 

toddlerhood. In the study by Baillargeon, Normand et al. (2007), a majority of children who 

had exhibited a particular DB on a frequent basis at 17 months of age did not behave that 

way 1 year later. In addition, generally, a majority of children who exhibited a particular DB 

on a frequent basis at 29 months of age had not done so 1 year earlier.

In this article, we follow up on the earlier study by Baillargeon, Normand et al. (2007) and 

describe the continuity and discontinuity (and gender differences therein) in the degree to 

which children in the Québec population were reported to exhibit different DBs between 29 

and 41 months of age. We do so while taking into account the degree to which these children 

were reported to have exhibited these behaviors at 17 months of age.

1Note, however, that no gender differences in DBs were found in the University of California Control Study (Macfarlane, Allen, & 
Honzik, 1954), except for one behavior of irritability (N = 116 for children at 21 months of age), in the Norwegian study by Mathiesen 
and Sanson (2000; N = 921 for children at 18 months of age) (K.S. Mathiesen, personal communication, May 2003), and in the 1956 
Child Health Survey (Heinstein, 1969), based on our reanalysis of the data (n = 86 for children 12–17 months old; n = 97 for children 
18–23 months old).
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DEVELOPMENT OF DBs DURING LATE TODDLERHOOD AND THE EARLY 

PRESCHOOL PERIOD

Starting or Ceasing to Exhibit DBs on a Frequent Basis Between 29 and 41 Months of Age

Even during late toddlerhood and the early preschool period when there can be a marked 

decrease in the proportion of children who exhibit DBs, children who start exhibiting a 

particular DB between 29 and 41 months of age could represent a substantial proportion of 

the children who, at 41 months of age, frequently exhibit this behavior. To our knowledge, 

there is only one epidemiological study that has directly addressed that issue. Jenkins, 

Owen, Bax, and Hart (1984) found that a majority (i.e., 83.3%, or 10 of 12) of children who 

were difficult to manage on a frequent basis at 3 years of age had not been so 1 year earlier. 

They also found that more than one third (i.e., 43.3%, or 13 of 30) of children who exhibited 

temper tantrums on a daily basis at 3 years of age had not done so 1 year earlier. In contrast, 

even if the proportion of children who exhibit DBs were to increase during late toddler-hood 

and the early preschool period, children who stop exhibiting a particular DB on a frequent 

basis between 29 and 41 months of age could represent a substantial proportion of the 

children who, at 29 months of age, frequently exhibited this behavior. Again, Jenkins et al. 

found that a majority of children who had been difficult to manage (i.e., 71.4%, or 5 of 7) or 

had exhibited temper tantrums (i.e., 55.3%, or 21 of 38) on a frequent basis at 2 years of age 

did not behave that way 1 year later. Overall, it may be that starting to exhibit DBs on a 

frequent basis and ceasing to do so both constitute important aspects of the development of 

DBs in young children. The importance of the former may come from the fact that 

children’s conflicts with their mothers and siblings (and, possibly, also with their peers) do 

not actually decrease in frequency during this period (Tesla & Dunn, 1992). In addition, 

children perhaps may be more likely to use not only their increasingly sophisticated 

sociocognitive skills but also other means (e.g., force, noncompliance) to get their own way 

(Tesla & Dunn, 1992; see also Dunn, 1988). Hence, children’s close relationships may 

actually become less, not more, harmonious during this period. The importance of this 

aspect would be inconsistent, however, with the arrested socialization hypothesis according 

to which development essentially follows a unidirectional trajectory where children learn not 

to exhibit DBs over time (Patterson, 1982; Tremblay, 2003, 2008).

Development of Gender Differences in DBs Between 29 and 41 Months of Age

Another reason for describing the continuity and discontinuity in the degree to which 

children exhibit DBs over time is to determine whether gender differences in DBs are 

increasing in magnitude (or emerging if they were not already present) during late toddler-

hood and the early preschool period. On one hand, it may be that boys are more likely than 

are girls to start exhibiting DBs on a frequent basis between 29 and 41 months of age. On 

the other hand, girls may be more likely than are boys to stop exhibiting these behaviors on a 

frequent basis during this period. All in all, gender differences could be present in both 

aspects of the development of DBs in young children. This would be consistent with a 

number of different explanations that have been proposed over the years to account for a 

hypothesized increase in the magnitude of gender differences in DBs during this period 

(Cairns & Kroll, 1994; Eme, 2007; Hay, 2007; Keenan & Shaw, 1997). For instance, boys 
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may be more likely to start exhibiting physically aggressive behaviors on a frequent basis 

between 29 and 41 months of age because when resorting to force in social conflicts, they 

are more effective in inflicting harm due to greater forearm length. In addition, girls may be 

more likely to stop exhibiting these behaviors on a frequent basis during this period because 

they are better able to use verbal strategies to resolve their disputes. Girls also may be under 

greater pressure from parents (and other socialization agents) to stop exhibiting DBs (Hay, 

2007; Keenan & Shaw, 1997).

Effect of Early DBs on the Development of the Same Behaviors Between 29 and 41 Months 
of Age

Finally, it is important to determine whether DBs exhibited before 2 years of age affect the 

continuity and discontinuity in the degree to which children exhibit the same DBs during 

late toddlerhood and the early preschool period. On one hand, it may be that children who, at 

29 months of age, did not exhibit a particular DB on a frequent basis are more likely to start 

doing so in the following year if they had exhibited the same behavior at 17 months of age. 

On the other hand, children who, at 29 months of age, exhibited a particular DB on a 

frequent basis may be less likely to stop doing so in the following year if they had exhibited 

the same behavior at 17 months of age. Overall, DBs exhibited before 2 years of age could 

affect both aspects of the development of DBs in young children. This would be consistent 

with Kuo’s (1967/1976) concept of canalization of behavioral development, according to 

which there is a gradual reduction of behavioral plasticity during the course of development 

(also see Gottlieb, 1991; Schlichting & Pigliucci, 1998). This broadly applicable principle 

also is realized in the early onset hypothesis (Loeber, 1982; also see Caspi & Moffitt, 1995), 

according to which the DBs of some individuals are more likely to show continuity over 

time; namely, the DBs of children who exhibited the same DBs earlier in life. However, not 

all developmental theorists share the view that early DBs can affect the development of the 

same behaviors later in life. Some have postulated predictability at the level of the quality of 

the child’s adaptations to salient developmental issues across developmental periods, but not 

at the level of specific behaviors (Sroufe, 1979, 1995; Sroufe & Rutter, 1984; also see 

Campbell, 2002), or, at least, not reaching before 2 years of age (Kagan & Moss, 1962; 

Kagan, 1984; Rutter, 1984). Others dispute altogether the possibility of prediction in 

individual development (e.g., Lewis, 1990, 2000).

Objective

We know relatively little about the development of DBs that usually comprise scales of 

externalizing behavior problems (Task Force on Research Diagnostic Criteria: Infancy and 

Preschool, 2003). In addition, there is now emerging epidemiological evidence that 

substantial differences do exist in the development of DBs that are often used to assess a 

particular behavior problem (Baillargeon, Normand et al., 2007). As a corollary, results 

obtained at the level of a particular behavior problem (e.g., gender differences) are not 

generalizeable to the DBs (and vice versa) (Thissen, Steinberg, & Gerrard, 1986) (In 

contemporary psychiatry, both the syndromes and the individual symptoms are believed to 

be appropriate units of analysis; Mojtabai & Rieder, 1998; also see Costello, 1992; Persons, 

1986.) Another reason for focusing on the development of specific DBs is that similarities 
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that exist in the development of DBs may help us infer the main characteristics of what 

constitutes the normative development of these behaviors.

The aim of this study is to describe the continuity and discontinuity in the degree to which 

boys and girls in the general population exhibit different DBs between 29 and 41 months of 

age. More specifically, we want to investigate the following issues:

• The importance of starting and ceasing to exhibit DBs on a frequent basis 
between 29 and 41 months of age. What is the proportion of children who 

exhibited a particular DB on a frequent basis at 41 months of age who had not 

done so 1 year earlier? What is the proportion of children who exhibited a 

particular DB on a frequent basis at 29 months of age who were no longer doing 

so 1 year later?

• Gender differences in the likelihood of starting and/or ceasing to exhibit DBs on 
a frequent basis during this period. Are boys more likely to start exhibiting a 

particular DB on a frequent basis between 29 and 41 months of age, are girls 

more likely to stop doing so, or both?

• Whether DBs exhibited at 17 months of age affect the likelihood of starting 
and/or ceasing to exhibit the same DBs on a frequent basis between 29 and 41 
months of age. Are children who did not exhibit a particular DB on a frequent 

basis at 29 months of age more likely to start doing so in the following year if 

they had exhibited the same behavior at 17 months of age? Are children who 

exhibited a particular DB on a frequent basis at 29 months of age less likely to 

stop doing so in the following year if they had exhibited the same behavior at 17 

months of age?

METHOD

Participants

The Québec Longitudinal Study of Child Development (QLSCD) is conducted by the 

Direction des enquêtes longitudinales et sociales (formerly Santé Québec), a division of the 

Institut de la statistique du Québec (ISQ). It has been following a representative birth cohort 

of singletons born to mothers living in the province of Québec, Canada, between October 

1997 and July 1998. The 2,817 infants selected from the official records of birth certificates 

represented approximately 94.5% of the target population, which in turn represented 

approximately 96.6% of the Québec population of newborns (for more details on the 

QLSCD methodology, see Jetté, 2002; Jetté and Des Groseilliers, 2000). For the first wave 

of data collection, when the infants were between 59 and 64 weeks of corrected age (defined 

as the sum of the duration of pregnancy and the chronological age of the baby), the parents 

of 2,120 infants (i.e., 2,120/2,817 = 75.3% cross-sectional response rate) were respondents 

to the main questionnaire used by the QLSCD (discussed later). Subsequently, the parents of 

2,045 [i.e., 2,045/2,120 = 96.5% longitudinal response rate (LRR)], 1,997 (i.e., 94.2% LRR), 

and 1,950 (92.0% LRR) infants participated in the second, third, and fourth waves, 

respectively, of data collection when the children were approximately 17, 29, and 41 months 

of age, respectively. In fact, relatively few respondents stopped participating after the first 
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wave of data collection, with 1,924 (90.8% LRR) respondents taking part in all four waves. 

The following is known about the first wave of data collection: Of the 2,120 respondents, 

41.5% of the infants were firstborn, 80% of families were still intact when the infant reached 

5 months of age, 11.7% of respondents reported social assistance as the household’s 

principal source of income, 16% of parents were immigrants (mainly of non-European 

origin), and 18.0% of them did not have a high-school diploma. French was the only 

language spoken at home in 75% of the households (for a more detailed description of the 

sociodemographic characteristics of the infants’ households in the first wave of data 

collection, see Baillargeon, Zoccolillo et al., 2007; Desrosiers, 2000).

Materials

A computerized questionnaire was administered during a face-to-face interview conducted 

in the child’s home with the person most knowledgeable (PMK) about the child. In more 

than 99% of cases, the PMK was the child’s biological mother. Mothers are arguably the 

most important source of information about young children’s DBs because they are likely to 

be familiar with their child’s behavior across a range of different settings. Furthermore, 

mothers are expected to be good informants especially when, as in this study, the focus is on 

specific behaviors that are relatively easy to observe and require little inference (Campbell, 

1990; Carter, Briggs-Gowan, Jones, & Little, 2003; Dunn & Kendrick, 1980; Earls, 1980b; 

Jenkins, Bax, & Hart, 1980; Radke-Yarrow & Zahn-Waxler, 1984; Willoughby & Haggerty, 

1964; Zahn-Waxler & Radke-Yarrow, 1982).

Ten behaviors of opposition-defiance, inattention, hyperactivity, and physical aggression 

were considered in this study (see Table 1). These DBs are the same as those in the study by 

Baillargeon, Normand et al. (2007), except for three behaviors of physical aggression (i.e., 

kicks other children, bites other children, and hits other children). At the fourth wave of data 

collection when children were approximately 41 months of age, these were replaced by a 

single behavior (i.e., kicks, bites, or hits) to reduce the overall length of the face-to-face 

interview. Most DBs came from the Child Behavior Checklist/2–3 (Achenbach, 1992; 

Achenbach, Edelbrock, & Howell, 1987). One behavior of inattention (Behavior 4: 

inattentive) was taken/adapted from the Preschool Behavior Questionnaire (Behar & 

Stringfield, 1974; Fowler & Park, 1979) (see Table 1). Three behaviors of inattention 

(Behavior 5: easily distracted) and hyperactivity (Behaviors 7: fidgets and 8: difficulty 

waiting) were taken from the Survey Diagnostic Instrument (Boyle et al., 1987; Offord et al., 

1987) (see Table 1). Further evidence of the DBs’ validity comes from their use in a number 

of different scales of externalizing behavior problems (e.g., Achenbach & Rescorla, 2000; 

Carter et al., 2003; R. Goodman 1994, 1997). Each DB was rated by the PMK using a 3-

point Likert scale: 1 (never or not true), 2 (sometimes or somewhat true), and 3 (often or 
very true). At the fourth wave of data collection, a 12-month reference period was specified. 

At the third wave of data collection, such a reference period was not specified, but mothers 

probably recalled being asked about these behaviors (and other recurring themes in the 

questionnaire) at the previous visit when children were approximately 17 months of age. 

Hence, it seems fair to assume that they were reporting about events that occurred since the 

last interview. If the issue was raised, the mothers were told by the interviewers to report on 

events since the last interview (ISQ, personal communication, 10 June 2011).
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Design and Procedure

Weighted data for each DB were subjected to hierarchical loglinear modeling (Fienberg, 

1980), with the behavior in question at 41 months of age (denoted D) as the dependent 

variable, and the same behavior at 17 and 29 months of age and the child’s gender (denoted 

B, C, and G, respectively) as the independent variables. A parameter of particular interest in 

this study consisted of the conditional probability of a randomly selected child in the general 

population exhibiting a particular DB never, sometimes, or often at 41 months of age given 

the degree to which he or she had exhibited the same behavior at 17 and 29 months of age as 

well as the child’s gender. The goal was to reproduce the observed frequencies in the four-

way contingency table while including as few effects as possible (i.e., BD, CD, GD, BCD, 

CGD, BGD, and BCGD). Note that the BCG interaction effect as well as the BC, BG, and 

CG main effects were all included in the different hierarchical loglinear models considered 

in this study. For each DB, we eliminated cases with missing values (i.e., don’t know or 

refusal rating categories) on any given wave of data collection. Very few cases (<2.0%) were 

eliminated for that reason, except for one behavior of hyperactivity (Behavior 8: difficulty 

waiting), where the partial nonresponse rate was 4.3% for boys and 4.4% for girls because of 

a higher than usual rate of don’t know responses (see Table 1).

Goodness-of-fit assessment and maximum likelihood estimation—The 

goodness-of-fit of a particular hierarchical loglinear model was assessed using three 

goodness-of-fit test statistics: the Pearson chi-square (χ2), the likelihood-ratio chi-square 

(L2), and the Cressie-Read (CR), with Cressie and Read’s (1984) recommended weight of 

2/3 for sparse data. These statistics have a large sample χ2 distribution under certain 

conditions (Clogg, 1979). The L2 statistic also was used to compare hierarchically related 

models because it can be partitioned exactly (Fienberg, 1980). Because of the QLSCD’s 

design effect that increases the risk of falsely rejecting the null hypothesis, a conservative 

alpha level (i.e.,α = 0.01) was used (Thomas & Heck, 2001). Maximum likelihood 

parameter estimates for the different hierarchical loglinear models considered in this study 

were obtained using the Expectation Maximization (EM) algorithm from lEM, a computer 

program for the analysis of categorical data (Vermunt, 1997).

RESULTS

DBs at 41 Months of Age

Table 1 presents the percentage of boys and girls who were reported to exhibit a particular 

DB at 41 months of age (Estimates of the same percentage at 17 and 29 months of age also 

are presented for comparison purposes.) Relatively few children exhibited DBs on a frequent 

basis at 41 months of age. In fact, generally less than 10% of children did so, except for four 

behaviors of hyperactivity (Behaviors 6: restless or hyperactive, 7: fidgets, and 8: difficulty 

waiting) and opposition-defiance (Behavior 1: defiant) (see Table 1). Among the 10 DBs 

considered in this study, physically attacked people was the least common, with less than 

30% of children exhibiting this behavior at 41 months of age (see Table 1). The behavior 

was defiant or refused to comply with adults’ requests or rules was the most common, with 

over 90% of children exhibiting this behavior occasionally or frequently at 41 months of age 

(see Table 1).
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Starting or Ceasing to Exhibit DBs on a Frequent Basis Between 29 and 41 Months of Age

Table 2 presents the percentage of boys and girls who were reported to have started 

exhibiting a particular DB on a frequent basis between 29 and 41 months of age. The 

percentage of children who did so varied greatly from one behavior to another (see Table 2). 

At one extreme, 1% of girls started physically attacking people on a frequent basis during 

this period. At the other extreme, 18.1% of boys started being frequently defiant during this 

period. Further, a majority of children who exhibited a particular DB on a frequent basis at 

41 months of age had not done so 1 year earlier, except for two behaviors of hyperactivity 

(Behaviors 6: restless or hyperactive, and 7: fidgets) (see “1 − Hit Rate” in Table 2). For 

instance, 78.0% of boys and 82.2% of girls who frequently fought at 41 months of age had 

not done so 1 year earlier. Hence, the percentage of children who started exhibiting DBs on a 

frequent basis between 29 and 41 months of age appears substantial.

Table 2 also presents the percentage of boys and girls who were reported to have stopped 

exhibiting a particular DB on a frequent basis between 29 and 41 months of age. Again, the 

percentage of children who did so varied greatly from one behavior to another (see Table 2). 

Furthermore, a majority of children who exhibited a particular DB on a frequent basis at 29 

months of age were no longer doing so 1 year later, except for two behaviors of opposition-

defiance (Behavior 1: defiant) and hyperactivity (Behavior 6: restless or hyperactive) for 

boys (see “False-Alarm Rate” in Table 2). For instance, 57.9% of boys and 64.6% of girls 

who frequently fought at 29 months of age were no longer doing so 1 year later. Overall, 

these results suggest that starting or ceasing to exhibit a particular DB on a frequent basis 

between 29 and 41 months of age each constitute important aspects of the development of 

DBs in young children.

Selecting a Baseline Hierarchical Loglinear Model

Table 3 presents the L2 goodness-of-fit test statistic for some of the hierarchical loglinear 

models considered in this study. Model 1 included a main effect for each independent 

variable (i.e., BD, CD, GD), but no interaction effects (i.e., BCD, CGD, BGD, BCGD). 

According to the L2, this model fit the data for all DBs (see Table 3) (Note that this also was 

the case according to the χ2 and the CR goodness-of-fit test statistics.) Moreover, this model 

did not represent a statistically significant decrease in fit over the eight hierarchically related 

loglinear models that included interaction effects (BCGD), (BCD, CGD, BGD), (BCD, 

CGD), (BCD, BGD), (CGD, BGD), (BCD, GD), (CGD, BD), and (BGD, CD), except for 

one behavior of hyperactivity (Behavior 6: restless or hyperactive). For this behavior, the 

selected baseline model included an interaction effect between the same behavior at 17 

months of age and the child’s gender (CD, BGD) [This model fit the data; see Table 3 (Note 

that this also was the case according to the χ2 and the CR goodness-of-fit test statistics.) 

Further, this model did not represent a statistically significant decrease in fit over 

hierarchically related loglinear models that included other interaction effects.] Overall, these 

results suggest that there are no gender differences in the stability of interindividual 

differences in DBs between 29 and 41 months of age. Further, these results suggest that the 

stability in question does not vary according the degree to which children exhibited the same 

DBs at 17 months of age.
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Table 4 presents the estimates of the conditional probability of a randomly selected boy and 

girl in the general population exhibiting a particular DB never, sometimes, or often at 41 

months of age, given the degree to which he or she exhibited the same behavior at 17 and 29 

months of age. For instance, 62.1% of children who, at 29 (and 17) months of age, changed 

their behavior after punishment were still doing so at 41 months of age. In addition, 25.6% 

of children who, at 29 (and 17) months of age, frequently did not change their behavior after 

punishment were still not doing so at 41 months of age.

Are There Gender Differences in the Likelihood of Starting and Ceasing to Exhibit a 
Particular DB on a Frequent Basis Between 29 and 41 Months of Age?

To answer this question, we considered a hierarchical loglinear model that included a main 

effect for each independent variable except for the child’s gender (BD, CD). Under this 

model, there is no association (beyond that expected by chance alone) between a particular 

DB at 41 months of age and the child’s gender after taking into account gender differences 

in the same behavior at 17 and 29 months of age. This model provided an acceptable fit for 

all DBs, except for the two behaviors of inattention (Behavior 5: easily distracted) and 

hyperactivity (Behavior 6: restless or hyperactive) (see Model 2 in Table 3) (Note that this 

also was the case according to the χ2 and the CR goodness-of-fit test statistics.) This model 

also represented a statistically significant decrease in fit over the selected baseline 

hierarchical loglinear model for the four behaviors of opposition-defiance (Behaviors 1: 

defiant and 2: didn’t feel guilty), hyperactivity (Behavior 8: difficulty waiting), and physical 

aggression (Behavior 9: fights) (see Table 3). These results suggest that there are gender 

differences in the likelihood of starting and ceasing to exhibit on a frequent basis these six 

DBs between 29 and 41 months of age.

Table 5 presents the estimates of the odds ratios that describe the association between a 

particular DB at 41 months of age and the child’s gender after taking into account gender 

differences in the same behavior at 17 and 29 months of age.

On one hand, boys were more likely than were girls to start exhibiting a particular DB on a 

frequent basis between 29 and 41 months of age. For example, 9.5% of boys who had not 

exhibited defiance at 29 (and 17) months of age often exhibited this behavior at 41 months 

of age; in comparison, only 6.9% of girls did so (see Table 4). In fact, between 29 and 41 

months of age, boys were 1.42 times more likely than were girls to have started exhibiting 

defiance on a frequent basis (see Table 5).

On the other hand, between 29 and 41 months of age, girls were more likely than were boys 

to stop exhibiting a particular DB on a frequent basis. For example, 2.8% of girls (but only 

2.2% of boys) who, at 29 (and 17) months of age, had exhibited defiance on a frequent basis 

were no longer exhibiting this behavior at 41 months of age (see Table 4). In fact, between 

29 and 41 months of age, girls were 1.42 times more likely than were boys to have stopped 

exhibiting defiance on a frequent basis (see Table 5). Overall, these results suggest that 

gender differences in DBs increase in magnitude between 29 and 41 months of age, except 

for the two behaviors of opposition-defiance (Behavior 3: didn’t change behavior) and 

inattention (Behavior 4: inattentive).
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Figure 1 depicts the relationships between a particular DB at 17, 29, and 41 months of age 

and the child’s gender. This path diagram illustrates the development of gender differences 

in DBs during toddlerhood and the early preschool period, showing that gender differences 

have (a) not yet emerged at 41 months of age for the two behaviors of opposition-defiance 

(Behavior 3: didn’t change behavior) and inattention (Behavior 4: inattentive); (b) emerged 

at 41 months of age for the three behaviors of opposition-defiance (Behaviors 1: defiant and 

2: didn’t feel guilty) and hyperactivity (Behavior 8: difficulty waiting); (c) emerged at 29 

months of age and increased in magnitude over the next year for two behaviors of physical 

aggression (Behaviors 9: fights and 10: attacks); and (d) emerged at 17 months of age and 

increased in magnitude over the next 2 years for the three behaviors of hyperactivity 

(Behavior 6: restless or hyperactive and 7: fidgets) and inattention (Behavior 5: easily 

distracted). Overall, these results suggest that gender differences in DBs emerge at different 

points in time, but once they do for a particular DB, they tend to increase in magnitude over 

time.

Does the Degree to which Children Exhibited a Particular DB at 17 Months of Age Affect 
the Likelihood of Starting and Ceasing to Exhibit the Same Behavior on a Frequent Basis 
Between 29 and 41 Months of Age?

To answer this question, we considered a hierarchical loglinear model that included a main 

effect for each independent variable except the DB at 17 months of age [i.e., Model 3 (CD, 

GD)]. Under this model, there is no association (beyond that expected by chance alone) 

between a particular DB at 17 and 41 months of age after taking into account the association 

between the same behavior at 29 and 41 months of age. This model did not provide an 

acceptable fit to the data for the DBs, except for one behavior of opposition-defiance 

(Behavior 2: didn’t feel guilty) (see Table 3) (Note that this also was the case according to 

the χ2 and the CR goodness-of-fit test statistics.) In this case, however, this model 

represented a statistically significant decrease in fit over the selected baseline hierarchical 

loglinear model, 3L2 = 37.63 – 17.09 = 20.55; 3df = 28 – 24 = 4; p < .001. These results 

suggest that the likelihood of starting and ceasing to exhibit a particular DB on a frequent 

basis between 29 and 41 months of age varies according to the degree to which children 

exhibited the same behavior before 2 years of age.

Table 5 also presents the estimates of the odds ratios that describe the association between a 

particular DB at 17 and 41 months of age after taking into account the association between 

the same behavior at 29 and 41 months of age.

On one hand, children who, at 29 months of age, did not exhibit a particular DB on a 

frequent basis were more likely to start doing so in the following year if they had exhibited 

the same behavior at 17 months of age. For example, 28.9% of boys who did not fight at 29 

months of age were doing so on a frequent basis 1 year later if they had exhibited this 

behavior on a frequent basis at 17 months of age; in comparison, among boys who, at 17 

months of age, had exhibited this behavior on an occasional basis or not at all, only 6.0 and 

2.9%, respectively, were reported to fight frequently at 41 months of age (see Table 4). In 

fact, children who had fought on a frequent basis at 17 months of age were 2.89 times more 
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likely than were those who had not fought at all to have started exhibiting this behavior on a 

frequent (rather than occasional) basis between 29 and 41 months of age (see Table 5).

On the other hand, children who exhibited a particular DB on a frequent basis at 29 months 

of age were less likely to stop doing so in the following year if they had exhibited the same 

behavior at 17 months of age. For example, 70.7% of boys who fought on a frequent basis at 

29 months of age were no longer doing so 1 year later if they had not exhibited this behavior 

at 17 months of age; in comparison, among boys who had exhibited this behavior on an 

occasional and a frequent basis at 17 months of age, the percentage was only 58.5 and 

21.9%, respectively (see Table 4). In fact, children who had fought on a frequent basis at 17 

months of age were estimated to be 2.89 times less likely than were those who had not 

fought at all to have stopped exhibiting this behavior on a frequent basis (and gone to 

exhibiting it on an occasional basis) between 29 and 41 months of age (see Table 5). Overall, 

these results suggest that DBs before 2 years of age affect the development of the same 

behaviors between late toddlerhood and the early preschool period.

Figure 1 also depicts the impact of early DBs on the development of the same behaviors 

during late toddlerhood and the early preschool period. As shown in the path diagram, this 

impact is made up not only of the direct effect of early DBs on the same behaviors at 41 

months of age but also of their indirect/chain reaction (Rutter, 1989) effect via the same 

behaviors at 29 months of age (The estimates of the odds ratios that describe the total (i.e., 

direct + indirect) effect of early DBs on the same behaviors at 41 months of age are available 

from R.H.B. upon request.)

DISCUSSION

Most previous longitudinal studies of disruptive behavior development have not explicitly 

considered the continuity and discontinuity in the degree to which young children exhibit 

DBs over time. As a result, we know little about the importance of starting and ceasing to 

exhibit DBs on a frequent basis during toddlerhood and the preschool period. Another 

neglected developmental issue is whether boys and girls differ in their likelihood of starting 

and/or ceasing to exhibit DBs on a frequent basis during this period. Finally, we know little 

about the impact of DBs before 2 years of age on the development of the same behaviors 

later in life. The aim of this study was to investigate these issues in the context of a 

prospective population-based cohort study. More specifically, we wanted to describe the 

continuity and discontinuity (and gender differences therein) in the degree to which children 

were reported to exhibit different DBs between 29 and 41 months of age while taking into 

account the degree to which these children were reported to have exhibited these behaviors 

at 17 months of age. Overall, the results are remarkably consistent across DBs, suggesting 

that they describe quintessential aspects of the development of these behaviors during 

toddlerhood and the early preschool period.

Exhibiting DBs in the Fourth Year of Life

Being defiant or refusing to comply with adults’ requests or rules was the most common of 

the 10 DBs considered in this study, with about one fourth of children reported to exhibit 

this behavior on a frequent basis at 41 months of age. But overall, relatively few children 
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exhibited DBs on a frequent basis at this age. Similar results were obtained in other 

epidemiological surveys (Baillargeon, Tremblay, & Willms, 2005; Crowther, Bond, & Rolf, 

1981; Earls, 1980a, 1980b; Heinstein, 1969; Jenkins et al., 1980; Koot & Verhulst, 1991; 

Luk, Leung, Bacon-Shone, & Lieh-Mak, 1991; Richman, Stevenson, & Graham, 1982; also 

see Jenkins et al., 1984) as well as in recent large-scale studies that have documented the 

intensity/severity/frequency of DBs in children during the fourth year of life (e.g., NICHD 

Early Child Care Research Network, 2004; van Zeijl et al., 2006). Further, these results are 

similar to those obtained in population-based studies that have documented the intensity/

severity/frequency of DBs in school-aged children (e.g., Offord & Lipman, 1996; Tremblay 

et al., 1996). In summary, these results suggest that when exhibited on a frequent basis, DBs 

are not more age-appropriate in preschool-aged children than they are in school-aged 

children.

Starting or Ceasing to Exhibit DBs on a Frequent Basis During Late Toddlerhood and the 
Early Preschool Period

According to the arrested socialization hypothesis, children who exhibit physically 

aggressive behaviors toward their peers are simply those who have not responded to 

socialization efforts and have failed to learn not to act aggressively (Patterson, 1982; 

Tremblay, 2003, 2008). This characterization of DB development seems to be based on 

existing longitudinal studies that have mostly considered change in DBs at the aggregate 

level (i.e., net or mean change). In contrast, our results show that a majority or close to a 

majority of children who exhibited a particular DB on a frequent basis at 41 months of age 

had not done so 1 year earlier. Further, the proportion of children who exhibited DBs on a 

frequent basis at 41 months of age was more or less the same as, or even higher than, the one 

at 29 months of age for seven behaviors of opposition-defiance (Behavior 1: defiant), 

inattention (Behaviors 4: inattentive and 5: easily distracted), hyperactivity (Behaviors 6: 

restless or hyperactive and 8: difficulty waiting), and physical aggression (Behaviors 9: 

fights and 10: attacks). Together, these results contradict the view that DBs (the hallmark of 

the “terrible twos”) are normative during toddlerhood, with toddlers simply growing out of 

them over time (also see Baillargeon, Normand et al., 2007). A variety of factors may 

actually contribute to children starting to exhibit DBs on a frequent basis during late 

toddlerhood and the early preschool period. We consider some of these factors in the next 

section, where we contemplate different explanations as to why boys are more likely than 

are girls to do so.

Change in the Magnitude of Gender Differences in DBs During Late Toddlerhood and the 
Early Preschool Period

Our results show that gender differences in some DBs emerged between 29 and 41 months 

of age, with boys being more likely to start and girls being more likely to stop exhibiting 

DBs on a frequent basis during this period. This also accounted for an increase in the 

magnitude of gender differences for the other DBs for which gender differences already 

were present at 17 and/or 29 months of age.

This effect may be due to parents (and other socialization agents) exerting more pressure on 

girls than on boys to curb DBs (Hay, 2007; Keenan & Shaw, 1997). For instance, boys are 
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less likely to be required to stop attempts to wrest objects from peers (H. Ross, Tesla, 

Kenyon, & Lollis, 1990). However, this effect was not replicated in the context of sibling 

conflicts (Lollis, Ross, & Leroux, 1996; Martin & Ross, 2005; Power & Parke, 1986; also 

see Lytton & Romney, 1991). In addition, parents’ gender-differentiated socialization 

practices may be contingent upon constitutionally based predispositions [e.g., gender 

differences in rough-and-tumble play (Bjorklund & Pellegrini, 2002; Geary, 1998; also see 

Fagen, 1981); gender differences in activity level (Else-Quest, Hyde, Goldsmith, & Van 

Hulle, 2006; Halverson & Waldrop, 1973); gender differences in forearm length (Gindhart, 

1973; Tanner, 1962); person-orientation (as opposed to object-orientation) (Baron-Cohen, 

2003; Bell, 1968; Geary, 1998; Hoffman, 1975, 1981; Lippa, 2005); and gender differences 

therein (Garai & Scheinfeld, 1968; Haviland & Malatesta, 1981; Hoffman, 1977; Hutt, 1977; 

Lippa, 2005; McGuinness & Pribram, 1979)]. Further, gender differences in these 

predispositions could in and of themselves explain, at least in part, the observed increase in 

the magnitude of gender differences in DBs. In the case of DBs for which gender differences 

were not already present at 17 and/or 29 months of age, this would amount to a sleeper (i.e., 

delayed) effect.

Another possible social-learning explanation is that toddlers/preschoolers are applying 

socially prescribed rules and standards to regulate their own behavior, with girls exhibiting 

fewer DBs to avoid self-criticism and to maintain self-satisfaction and self-worth (Bussey & 

Bandura, 1999; Maccoby, 2002). However, it is not clear whether such sex-stereotyped roles 

are already part of the repertoire of children before 41 months of age. In addition, children 

begin playing in same-sex play groups during this period (e.g., La Freniere, Strayer, & 

Gauthier, 1984), with play styles that tend to be more rough/physical in male pairs than in 

female pairs or opposite-sex pairs (DiPietro, 1981; also see Jacklin & Maccoby, 1978). But, 

again, gender-segregated play groups and their associated sex-stereotyped play behaviors 

may be contingent upon constitutionally based predispositions (Maccoby, 1988).

An alternative explanation is that the increase in the magnitude of gender differences in DBs 

may be due to girls maturing faster than boys in the context of a decrease with age in the 

proportion of children exhibiting DBs on a frequent basis. In other words, when compared to 

boys during the same period, girls should be less likely to start and more likely to stop 

exhibiting DBs because of their faster rate of physical maturation (maturational tempo). In 

addition, negotiating conflicts with peers and caregivers requires sophisticated linguistic, 

cognitive, emotional, and social abilities on the part of toddlers, abilities which may develop 

at an earlier age for girls than they do for boys. Although this explanation might be plausible 

for some DBs, it is not for others; namely, those for which the proportion of children 

exhibiting them on a frequent basis at 41 months of age is the same or higher compared to 

what it was 1 year earlier (i.e., Behaviors 1: defiant, 4: inattentive, 5: easily distracted, 6: 

restless or hyperactive for boys, 8: difficulty waiting, 9: fights, and 10: attacks for boys).

The Second Year of Life as a Milestone in the Development of DBs

The second year of life is considered by some developmental psychologists as the point in 

life when DBs first become manifest (e.g., Baillargeon, Normand et al., 2007; Baillargeon, 

Sward, Keenan, & Cao, 2011; Baillargeon, Zoccolillo et al., 2007; Hay, 2005; Hay & Ross, 
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1982; Loeber & Hay, 1994; Tremblay et al., 1999). This period may not only mark the onset 

of DBs in children but also exert a lasting influence over the development of DBs later in 

life. Our results show that DBs exhibited at 17 months of age affect the continuity and 

discontinuity in the degree to which children exhibit the same behaviors between 29 and 41 

months of age. Consistent with Kuo’s (1967/1976) theory of behavioral potentials, we 

observe a “canalization” of disruptive behavior development during this period, with early 

DBs both increasing the likelihood of starting to exhibit the same behaviors on a frequent 

basis and decreasing the likelihood of ceasing to do so over time.

Together, these results suggest that the predictive accuracy of some early DBs may be quite 

good, at least in the context of a multistage screening procedure. In fact, the false-alarm rate 

was below .5 for four behaviors of opposition-defiance (Behavior 1: defiant), hyperactivity 

(Behavior 6: restless or hyperactive), and physical aggression (Behaviors 9: fights and 10: 

attacks) when considering children who not only exhibited these behaviors on a frequent 

basis at 29 months of age but also at 17 months of age (see Table 4). Further, the proportion 

of children who at 41 months of age exhibited a particular DB on a frequent basis, but did 

not do so 1 year earlier (i.e., 1 − hit rate) was less than .3 for two behaviors of hyperactivity 

(Behaviors 6: restless or hyperactive and 7: fidgets) and less than .5 (but >.4) for two 

behaviors of opposition-defiance (Behavior 1: defiant) and hyperactivity (Behavior 8: 

difficulty waiting) for children who had exhibited these behaviors on a frequent basis at 17 

months of age. Of course, the predictive accuracy of early DBs may be even better in the 

context where many DBs assessing a particular disruptive behavior problem are being 

considered together (Baillargeon & Bégin Galarneau, 2009). Overall, it appears that the 

predictive accuracy of early DBs is not as limited as was previously thought (Bennett et al., 

1999; Bennett, Lipman, Racine, & Offord, 1999). These results suggest that targeted, rather 

than universal, interventions may be better suited at preventing disruptive behaviors in 

children before school entry (Tremblay 2010; for a different view, see Bayer, Hiscock, 

Morton-Allen, Ukoumunne, & Wake, 2007).

Limitations

First, children born to mothers residing in Northern Québec, Cree and Inuit “territory,” and 

on native reserves were not part of the target population; however, these exclusions 

represented only 2.1% of all live births to mothers residing in Québec. Second, we used only 

one informant—mothers—whose expectations of appropriate behavior may affect 

perception of their children’s DBs. Further, the continuity and discontinuity in DBs over 

time may reflect, at least to some extent, the continuity and discontinuity in reporting biases; 

however, there is evidence that the effect of such biases may be relatively small in magnitude 

at any given point in time (e.g., Zahn-Waxler & Radke-Yarrow, 1982). Third, no reference 

period was specified at the third wave of data collection, when children were approximately 

29 months of age. Even when a 12-month reference period is specified, as for the fourth 

wave of data collection, the mothers’ time frame of reference might be variable (and not 

exactly the intended one). This limitation is typical of studies using behavior checklists. 

Fourth, we described the development of specific DBs rather than the development of the 

different behavior problems (e.g., opposition-defiance, physical aggression, and 

hyperactivity-impulsivity) that they are often used to assess. However, behaviors and 
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problems represent complementary levels of analysis, and it is not possible to fully 

appreciate the latter without knowing about the former. For example, gender differences at 

the level of a particular behavior problem may or may not be indicative of gender differences 

at the level of the DBs. In the study by Baillargeon, Zoccolillo et al. (2007), gender 

differences were found in the proportion of children who, at 17 months of age, experienced a 

significant physical aggression problem (boy > girl), but not in some physically aggressive 

behaviors (i.e., fights, attacks). Gender differences in physical aggression in the absence of 

gender differences in these behaviors revealed a gender paradox, with physically aggressive 

girls being more likely than are their male counterparts to fight and attack other children.

CONCLUSION

Unlike most previous longitudinal studies of young children’s DBs, this prospective 

population-based cohort study explicitly considered the continuity and discontinuity in the 

degree to which children in the general population exhibit DBs during toddlerhood and the 

preschool period. Three largely neglected, but important, developmental issues were 

investigated. In the end, we were able to show that:

• Starting to exhibit DBs on a frequent basis over time constitutes an important 

aspect of early DB development. Future research will need to identify not only 

factors accounting for young children ceasing to exhibit DBs on a frequent basis 

during toddlerhood and the preschool period but also factors responsible for 

young children starting to do so over this period.

• Boys and girls differ in their likelihood both of starting and of ceasing to exhibit 

DBs on a frequent basis over time. Future research will need to identify the 

factors responsible for the emergence of gender differences in DBs during 

toddlerhood and the preschool period. Note that the factors accounting for boys 

being more likely to start exhibiting DBs on a frequent basis may be different 

from the ones accounting for girls being more likely to stop doing so.

• Consistent with the canalization of behavioral development principle, DBs 

exhibited during the second half of the second year of life affect the development 

of the same behaviors during late toddlerhood and the early preschool period. 

Future research will need to identify the factors operating very early in life that 

are responsible for the lasting influence of early DBs over the development of the 

same behaviors later in life. In addition, it would be interesting to determine 

whether impairment associated with DBs at 17 months of age is affecting the 

continuity and discontinuity in the degree to which children are reported to 

exhibit the same behaviors between 29 and 41 months of age.
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Figure 1. 
The relationships between a particular disruptive behavior at 17, 29, and 41 months of age 

and the child’s gender. B, C, and D refer to the disruptive behavior at 17, 29, and 41 months 

of age, respectively. G refers to the child’s gender.
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TABLE 5

Estimates of the Odds Ratios Describing the Association Between Disruptive Behaviors at 41 Months of Age, 

and the Same Behaviors at 17 Months of Age, and the Child’s Gender

Disruptive Behavior

Child’s Gender Disruptive Behavior at 17 Months of Age

Odds Ratio† [99% CI]

%of Variance 
Explained/Effect 

Size/PAF Odds Ratio‡ [99% CI]
%of Variance Explained/

Effect Size

Opposition-defiance

1. Defiant 1.42 [1.06, 1.90]b* 0.7/.07/.14 1.43 [1.18, 1.74]abd 2.2/.19

2. Didn’t feel guilty 1.34 [1.09, 1.65]a*b* 1.2/.09/.22 1.28 [1.10, 1.49]acd 1.8/.13

3. Didn’t change behavior 1.60 [0.97, 2.65]b* 0.7/.06/.25 1.65 [1.32, 2.07]ad 3.3/.13

Inattention

4. Inattentive 1.17 [0.92, 1.48]a*b* 0.2/.06/.13 2.15 [1.80, 2.56]ad 3.2/.21

5. Easily distracted 1.36 [1.10, 1.67]a*b* 1.5/.10/.22 1.76 [1.37, 2.27]ad 3.4/.20

Hyperactivity

6. Restless or hyperactive 1.68 [1.21, 2.34]b* 2.0/.14/.27 Boy: 2.85 [1.76, 4.62]a Boy: 8.6/.31

Girl: 1.76 [1.40, 2.21]abcd Girl: 7.6/.35

7. Fidgets 1.44 [1.003, 2.06]b* 0.9/.10/.23 1.41 [1.18, 1.68]abd 3.4/.26

8. Difficulty waiting 1.75 [1.24, 2.45]b* 2.2/.11/.25 1.57 [1.30, 1.88]acd 5.2/.21

Physical Aggression

9. Fights 1.51 [1.17, 1.95]a* 1.3/.11/.19 2.89 [2.07, 4.03]acd 6.2/.31

10. Attacks 1.30 [1.02, 1.67]a*b* 0.4/.08/.26 2.26 [1.69, 3.03]abd 3.1/.27

Note. The percentage of variance due to gender after taking into account gender differences in the same behavior at 17 and 29 months of age was 

estimated as [L2(BD, CD) − L2(BD, CD, GD)]/L2(equiprobability model). Similarly, the percentage of variance due to the same behavior at 17 

months of age after taking into account the association between the behavior in question at 29 and 41 months of age was estimated as [L2(GD, CD) 

− L2(BD, CD, GD)]/L2(equiprobability model). In both formulas, the equiprobability model was used as a benchmark. Under this model, the 
response categories—never, sometimes and often—are equiprobable. Effect size was estimated using Cohen’s (1988) w statistic. PAF refers to the 
population attributable fraction for the child’s gender. It was estimated as the proportion of male children who exhibit a particular disruptive 
behavior on a frequent basis, minus the proportion of female children who do so, over the proportion in question among all children in the 
population.

a*
Refers to the boy/girl ratio of the odds of exhibiting a particular disruptive behavior sometimes rather than never;

b*
Refers to the boy/girl ratio of the odds of exhibiting a particular disruptive behavior often rather than sometimes;

a
Refers to the odds of exhibiting a particular disruptive behavior at 41 months of age sometimes rather than never for children who did exhibit the 

same behavior sometimes rather than never at 17 months of age;

b
Refers to the odds of exhibiting a particular disruptive behavior at 41 months of age often rather than sometimes for children who did exhibit the 

same behavior sometimes rather than never at 17 months of age;

c
Refers to the odds of exhibiting a particular disruptive behavior at 41 months of age sometimes rather than never for children who did exhibit the 

same behavior often rather than sometimes at 17 months of age;

d
Refers to the odds of exhibiting a particular disruptive behavior at 41 months of age often rather than sometimes for children who did exhibit the 

same behavior often rather than sometimes at 17 months of age.
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†
These estimates were obtained from a restricted version of the selected baseline hierarchical loglinear model. Six restricted versions were 

considered using a coding scheme (Galindo-Garre, Vermunt, & Croon, 2002; see also Galindo-Garre & Vermunt, 2005) wherein equality 
restrictions were imposed between the three local log-odds ratios a*, b*, and c* in the 2 × 2 subtables formed by considering, respectively, the 
never and sometimes, the sometimes and often, and the never and often rating categories. More specifically, three restricted models were obtained 
by imposing equality restrictions between pairs of log-odds ratios (i.e., a* = b*; a* = c*, equivalent to b* = 0; b* = c*, equivalent to a* = 0) and 
three other models were obtained by imposing equality restrictions between one log-odds ratio and the inverse of another log-odds ratio (i.e., a* = 
1/b*, equivalent to c* = 0; a* = 1/c*; b* = 1/c*). [Note that these models included, as special cases, the loglinear models (i.e., uniform and row-
effect) proposed by L.A. Goodman (1979) for the analysis of association in cross-classifications having ordered categories.] The restricted model 
with the smallest likelihood-ratio chi-square statistic was chosen. Note that this restricted model did not represent a statistically significant decrease 
in fit over the selected baseline model.

‡
These estimates were obtained from a restricted version of the selected baseline hierarchical loglinear model. Many restricted versions were 

considered using the same coding scheme described earlier wherein equality (including equality to 0) restrictions were imposed between the four 
local log-odds ratios, a, b, c, and d in the 2 × 2 subtables formed from adjacent rating categories (Clogg & Shihadeh, 1994). The log-odds ratio a 
involved never and sometimes for both time points. Similarly, the log-odds ratio d involved sometimes and often for both time points. The log-odds 
ratio b involved never and sometimes at 17 months of age, and sometimes and often at 41 months of age. The contrary was true for the log-odds 
ratio c. More specifically, 10 restricted models were obtained by imposing one equality restriction (i.e., a = b; a = c; a = d; b = c; b = d; c = d; a = 0; 
b = 0; c = 0; d = 0). Twenty-five restricted models were obtained by imposing two equality restrictions (i.e., a = b = 0; a = c = 0; a = d = 0; b = c = 
0; b = d = 0; c = d = 0; a = b & c = d; a = c & b = d; a = d & b = c; a = b = c; a = b = d; a = c = d; b = c = d; a = 0 & b = c; a = 0 & b = d; a = 0 & c 
= d; b = 0 & a = c; b = 0 & a = d; b = 0 & c = d; c = 0 & a = b; c = 0 & a = d; c = 0 & b = d; d = 0 & a = b; d = 0 & a = c; d = 0 & b = c). Finally, 15 
other models were obtained by imposing three equality restrictions (i.e., a = b & c = d = 0; a = c & b = d = 0; a = d & b = c = 0; b = c & a = d = 0; b 
= d & a = c = 0; c = d & a = b = 0; a = b = c & d = 0; a = b = d & c = 0; a = c = d & b = 0; b = c = d & a = 0; a = b = c = d; a = b = c = 0; a = b = d = 
0; a = c = d = 0; b = c = d = 0) [Note that these models included, as special cases, some of the loglinear association models (i.e., uniform, row-

effect, and column-effect) proposed by L.A. Goodman, 1979.] For each set of models, the restricted model with the smallest L2 was chosen, and 
the resulting three models were compared among themselves to find the most parsimonious model for the data. Note that this restricted model did 
not represent a statistically significant decrease in fit over the selected baseline model.
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