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Titulo: Analisis observacional de la organizacién del comportamiento en la
tarea en el aula utilizando complementariedad de analisis de datos
Resumen: El objetivo de este estudio es analizar la organizacion de la acti-
vidad académica en el aula de clase. Cuatro técnicas de analisis de datos uti-
lizadas en metodologia observacional —deteccion de T-Patterns, analisis se-
cuencial de retardos, andlisis de tendencias, y analisis de coordenadas pola-
res- han permitido estudiar como los escolares de Primaria distribuyen sus
actividades en el aula. De forma especifica, se pretendia detectar y explorar
las relaciones enttre las conductas relativas al trabajo académico y diferentes
categorfas de interaccion social respecto al uso del tiempo en el contexto de
la vida cotidiana en el aula. El estudio se llevé a cabo mediante el instru-
mento de observaciéon SOC-IS, focalizado en la interaccion social, y se utili-
zaron los programas informaticos THEME (versién 6, Edu), SDIS-GSEQ
(version 4.1.2), HOISAN (version 1.6), y STATGRAPHICS (version 16).
Se describen los T-Patterns, patrones de conducta, tendencias y vectores
obtenidos, si como las implicaciones metodoldgicas de la estrategia pro-
puesta.

Palabras clave: Metodologia observacional; interaccion social; persistencia
académica; deteccion de T-Patterns; anélisis secuencial de retardos; anélisis
de tendencias; analisis de coordenadas polares.

Abstract: The aim of this study was to analyze the organization of on-task
behavior in the classroom. Four observational methodology techniques—
T-pattern detection, lag sequential analysis, trend analysis, and polar coor-
dinate analysis—were used to study the organization of on-task and off-
task behavioral patterns during class time in a primary school setting. The
specific objective was to detect and explore relationships between on-task
behavior and different social interaction categories in relation to the actual
distribution of activities in a real-life classroom setting. The study was con-
ducted using the behavioral observation system for social interaction SOC-
IS and the software programs Theme (version 6, Edu), SDIS-GSEQ (ver-
sion 4.1.2), HOISAN (version 1.6), and STATGRAPHICS (version 6). We
describe the results obtained for the four techniques and discuss the meth-
odological implications of combining complementary techniques in a single
study.

Key words: Observational methodology; social interaction; academic en-
gagement; T-pattern; lag sequential analysis; trend analysis; polar coordi-
nates.

Introduction

In this paper, we analyze the organization of behavioral pat-
terns of children in a primary school classroom by identify-
ing behaviors that favor or interfere with on-task activity
during academic instruction.

The Teaching and Learning International Survey
(TALIS) is a cross-country survey conducted by the Organi-
zation for Economic Co-operation and Development
(OECD) to investigate how, among other things, teachers
distribute their time in the classroom, which is, logically, re-
lated to time spent by children on academic activities
(TALIS, 2013). The survey showed that one of four teachers
spend at least 30% of their time dealing with disruptive be-
havior, interruptions, and administrative tasks. In Mexico,
teachers reported that they spent just 69% of their class-
room time on learning activities (vs 80% in other OECD
countries). Secondary school teachers, in turn, reported
spending 345 hours a year resolving student conflicts, im-
posing order, and doing paperwork, which is a considerable
amount of time that could be spent on instruction. Findings
such as these are cause for concern and of particular rele-
vance in several OECD countries, especially in terms of the
implications for public policies in Latin America (Martinic,
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2015). While information of this type seems crucial for edu-
cation planning and evaluation purposes, research in this ar-
ea to date has focused mainly on sources of indirect data ra-
ther than on the use of direct observation to investigate real-
time activity patterns of teachers, and equally importantly,
children in the classroom.

The present study analyzes streams of behavior exhibited
by children performing academic tasks in the classroom. We
employed an observational methodology design to gather in-
formation on the organization of behavioral patterns in a
primary school classroom. Observational methodology has
emerged in recent years as a highly effective and useful
technique for analyzing behaviors and events in a wide range
of fields. Adequate use of this scientific method provides a
rigorous analytical framework for addressing specific re-
search questions using one or more research designs inher-
ent to observational methodology.

Most observational methodology studies to date have
analyzed data from a single perspective, i.c., using a single
method, although there is growing interest in the combined
use of complementary methods to unlock the informative
and predictive power hidden within large volumes of data
collected using direct observation methods (Tarrago, Iglesi-
as, Lapresa, & Anguera, 2016; Tarrago, Iglesias, Lapresa,
Anguera, Ruiz-Sanchis, & Arana, in press). Such approaches
can only contribute to enhancing substantive and methodo-
logical richness, and consequently improving our under-
standing and interpretation of empirical evidence (data). Alt-
hough each method has its own characteristics and purpose,
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the “cross-fertilization” of methods is likely to provide addi-
tional and complementary insights into given research ques-
tions. Furthermore, the combination of distinct technical
and methodological approaches provides a broad perspec-
tive from which to contemplate different angles and aspects
of the same question.

For the purpose of the present study, it was necessary to
identify and analyze the dynamics of behaviors and behav-
ioral patterns within and related to on-task academic activi-
ties. In situ observation of on-task behavior as an indicator
of classroom motivation and social ecology (Heward, 1994)
or of frequency of activity interruption (Santoyo, 2010) is an
adequate strategy for this purpose. Previous studies using a
similar approach have shown the high level of flexibility of-
fered by observational methodology in the classtoom (San-
toyo & Anguera, 1992; Otero & Haut, 2016; Razo, 2015;
Santoyo, Fabian, & Espinosa, 2000).

Earlier studies have analyzed control exerted by teachers
over time spent on academic tasks by students and the ef-
fects of on-task behavior and contingent teacher attention
on academic engagement (Abramowitz, O’Leary & Futter-
sak, 1988; Berk & Landau, 1993; Heller & White, 1975). The
effects of reinforcement strategies on academic activity have
also been analyzed (Martens, 1990; Martens, Halperin,
Rummel, & Kilpatrick, 1990; Santoyo et al, 2000). Forms
and means of teacher-student interactions can be described
by the matching law (Torres, 2012; Delgado, 2013), and two
very recent studies have shown that reinforcement interven-
tions focused on self-regulation can improve on-task behav-
ior (Nortis, 2016; Slattery, Crosland, & lovannone, 2016).
However, it is also necessary to collect information on class-
room events that occur that influence the development of
diverse behavioral patterns, and in particular the behavior
stream of individual students and their social interaction
with peers.

One way of studying behavioral patterns in the class-
room is to analyze the frequency of transition from one be-
havior to the next. While many children typically “jump”
from one activity to another, others are relatively persistent
when it comes to task completion. Previous studies of chil-
dren at primary schools, for example, have shown that most
children change activities about three or four times every
minute, and that on average they dedicate just 25% to 30%
of available class time to academic activities. In other words,
around three-quarters of instruction time is spent on non-
academic and social activities (Santoyo et al., 2000; Santoyo,
Morales, Colmenares, & Figueroa, 2007). Similar results have
been reported for other classroom settings (Razo, 2015). It is
therefore important not only to determine what favors on-
task behavior and how long children spend on task, but also
to assess behavioral patterns over a period of time.

To address these questions, we built on former research
involving archival data (Elder, Pavalko, & Clipp, 1993) and
defined new research questions based on information com-
piled from the databases of the Longitudinal Coyoacan
Study (Santoyo, 2007; Santoyo, Espinosa, & Bacha, 1994,
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1996; Santoyo & Colmenares, 2012). The availability of con-
sistent, robust, and reliable information permits the formula-
tion of new questions that can be answered with adequately
collected data.

The aim of this study was to use four complementary
observational methodology techniques to analyze relation-
ships between episodes of on-task behavior and different
social interaction categories and to transfer our results to the
classroom in order to better understand the development of
student behavioral patterns.

Method
Design

We undertook an observational methodology study,
which is appropriate for analyzing spontaneous behavior in a
natural setting. The specific design used was an I/F/M de-
sign (Anguera, Blanco-Villasefior, & Losada, 2001), where 1
refers to idiographic (analysis of data for 28 students alt-
hough in this study we focus on just one student), F refers
to follow-up (data collected over eight sessions), and M re-
fers to multidimensional (assessment of multiple levels of re-
sponse). The multidimensional natute of the study influ-
enced subsequent decisions regarding the content of the ob-
servation instrument (Anguera, Magnusson, & Jonsson,
2007) and the nature of the data (Bakeman, 1978).

Participants

We contemplated both molar and molecular views of the
behaviors analyzed. From the molar perspective, we briefly
described the overall use of classroom time by 28 first-year
primary school students (18 boys and 10 girls) in a public
school in Mexico City, Mexico. From the molecular perspec-
tive we focused on the individual behaviors of one student
in particular (the target student, coded as fdo7j) as a case
study. Details of the sampling method and other aspects of
the Longitudinal Coyoacan Study are described elsewhere
(Santoyo & Espinosa, 2006; Santoyo, 2007). The research
project was approved by an ethics committee at the universi-
ty of the first author and the study was approved by the
school authorities. Informed consent was obtained from all
the children’s parents.

Instruments

1. Observation instrument. The observation instrument used
to analyze and code the behaviors of the children was the
behavioral observation system for social interaction, known
as SOC-IS, according to its acronym in Spanish (Santoyo et
al, 1994). The instrument is formed by five dimensions or
criteria (Classmate, Initiation, Episode, Task, Area), each of
which is broken down into a system of exhaustive, mutually
exclusive categories (Table 1). SOC-IS is a valid, reliable,
flexible, and viable instrument with a long track record and



guarantees of quality, including between-observer agreement
rates of over 0.8 (Bakeman & Gottman, 1986) and generali-
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(sample representativeness), and number of sessions (Espi-
nosa, Blanco-Villasefior, & Santoyo, 2000).

zability rates of over 0.9 for trained observers, individuals

Table 1. Behavioral observation system for social interaction SOC-IS (Santoyo et al, 1994). Behavior categories used in the present study with cotresponding
codes and definitions. The category eac represents on-task behavior while the other categories represent off-task behavior.

Category

Code

Definition

IAcademic activity (on-
task behavior)

eac

Behavior displayed by the target child in response to specific instructions from the teacher in relation to the
learning goal at the time. May involve contact with material depending on the task.

Emission

eicp

Physical and/or verbal behavior that is directed by the tatget student towatrds others and is not immediately
preceded by an interaction initiated by another child. The code of the child towards whom the action is di-
rected is noted down.

Reception

eipr

Physical and/or verbal behavior initiated by another student that is directed at the target child and not im-
imediately preceded by any social behavior by the target child. The peer’s code is noted down.

INegative emission

eisne

Coctcive physical and/ot verbal behavior that is ditected by the target child towatds another child and is not
immediately preceded by any initiative from the other child. The code of the child towards whom the action|
lis directed noted down.

Social interaction

Egp

Simultaneous ot successive physical and/or verbal behavior targeting the target child ot other children in|
which there is mutual dependence. The letter 'e’ following Esp (Espe) indicates initiation by the target child|
while the letter t” (Espr) indicates initiation by a peer.

INegative social interac-
tion

\Esn

Simultaneous or successive coercive physical and/ot verbal behavior targeting the tatget child or other chil-
dren in which there is mutual dependence. The letter 'e’ following Esz (Esne) indicates initiation by the target
child, while the letter ‘t” (Esnr) indicates initiation by a peer.

Negative reception

ezsnr

Coctcive physical and/ot verbal behavior that is ditected by another child towatds the target child and is not
immediately preceded by any initiative from the target child. The peer’s code is noted down.

Free activity ca/  [Behavior displayed by target child involving academic material selected by the teacher, but without a specifid]
learning goal. It involves different levels of contact with the material depending on the needs of the child.
[solated play tia  [Behavior displayed by the target child involving objects and/or toys, without the participation of others. The]
type of play is identified by what the child is doing and/or what rules he is applying.
Parallel play ep  [Behavior displayed by the target child involving objects and/ot toys that occur at the same time as and inde-
endently of the participation of others in accordance with rules established by the group.
Other responses eor  |Behavior displayed by the target child that is not covered by the other categories in SOC-IS.

Group play initiated by
target child

¢/ge

Play situation initiated by the target child that establishes mutually dependent interactions between the target
child and another child in accordance with the rules of the game; it may or may not involve contact with ob-
jects and/or toys.

Group play initiated by
a peer

egr

Play situation initiated by another child that establishes mutually dependent interactions between the target
child and another in accordance with the rules of the game; it may or may not involve contact with objects

and/of toys.

Characteristics of SOC-IS:
Numerous exhaustive and mutually exclusive behavioral
categories, with the following response criteria: Episode,

3. Data analysis instruments. To meet the study objective,

which required the use of four analytical techniques, we used
the following four software programs:

Initiation, and Area a. THEME 6 Edu (Magnuson, 1996, 2000, 2005) for the T-
b) Representative category system based on actions per- Pattern analysis (free software program). This software is
formed by children in the classroom (academic tasks, so- free. Table 2 shows a screenshot of the data loaded into
cial interaction, group play, individual play, non- THEME.
academic behavior) b. SDIS-GSEQ version 4.1.2. (Bakeman & Quera, 1996,
¢) Recording of event-based data based on events that oc- 2010) [bttp:/ | www.nb.es/ comporta/ sg/ sg_s_download.htm] to
cur within predefined intervals calculate the adjusted residuals needed to analyze se-
d) Detection of direction of social interaction to identify in- quential behaviors by lag sequential analysis (free soft-
itiator of action ware program)
c. HOISAN version 1.6 (Hernandez-Mendo, Lopez-Lopez,
2. Recording instrument: Castellano, Morales-Sanchez, & Pastrana, 2012; Hernan-
The freely available software program SDIS-GSEQ ver- dez-Mendo et al,, 2014) to calculate polar coordinates
sion 4.1.2. (Bakeman &  Quera, 1996, 2011) according to the original proposal of Sackett (1980) and

[bttp:] | www.ub.es/ comporta/ sg/ sg_s_download.hin), loaded with
SOC-IS, was used to analyze and code the video footage of
the sessions via time-based data.

the concept of genuine retrospectivity proposed by
Anguera (1997). This software program is also free and
displays results in the form of polar coordinate maps.
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Table 3 shows a screenshot of the observation instru-
ment SOC-IS loaded into HOISAN.

d. STATGRAPHICS version 16 to generate linear regres-
sion equations and display the corresponding trends in
graph format.

Table 2. Screenshot from HOISAN showing a sample of record using
SOC-IS observation instrument.

Futa del fichers GSEQ FAARTICULOS ENCURSO'MONOGRAF | Buscar BD

Nombre Criterio Paticipantes | Companercs Impotar Participantes. Critencs y Caegorias

Nimero de Crileros: 4 Nimern de Categorias/Cldigas: 31 Nimeso de Participanies:1

Criterios-Categorias/Cadig -

Critenos Categorias A Codign

- »

Episodio eape |

Episodio e

Episodio s

! ~
Ver Criterios-Categorias/Cidigos Ver Parficipantes
Fida del Video Obiservads | F/'GRABACIONES_VID) Buscar Auta
Importar Observaciones
Observaciones
10_Tiempa Nombre_Criesio MNombre_Calegoria  Paicipanis A
] _ Companero fdo Companems

47 Episodic a2 Compansrs

43 Companero fdaf Companers

43 Inicio aim Companems

43 Fres m2 Companems

45 [ fdotf [ w

Actuakzar Observaciones introducidas |

Procedure

Eight 15-minute classroom sessions were analyzed and
coded in situ by trained observers in SDIS-GSEQ using
timed data (type IV data according to the data types de-
scribed by Bakeman [1978]) derived from within-session ob-
servational sampling using 5-second intervals.

Datasets with interobserver agreement levels of less than
80% were eliminated and a new dataset was generated. In-
terobserver agreement (kappa statistic) for the behaviors of
the target child was 0.94 (Cohen, 1960, 1968). This analysis
was performed on the same day as the field session, follow-
ing coding of the data.

Results

In this section we investigate the convergence between the
four data analysis techniques used to investigate the relation-
ships between on-task behavior (eac category in SOC-IS) and
the other social interaction categories in the instrument. We
chose the ear category to represent on-task behavior as a key
indicator of academic motivation and the impact of teacher-
led activities. In studies of the use of class time, it is obviously
important to analyze how much time children spend on in-
structional practices. Our study differs from previously cited
studies in that it provides information on specific interactions
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Table 3. Screenshot from Theme v.6 Edu showing the SOC-IS obsetvation
instrument. The column “area” shows the students’ desks, where m1 is the
target student’s desk and m2, m3, and m4 are the desks assigned to other
students defined by proximity to ml. The “missing” column shows the
codes corresponding to the other students in the group who may potentially
interact with the target student.

episodic  |inicio |area | companero | missing |
espr eirp  iml pr afif
espe eiep m2 fdolf andif
esne eien |m3 axelf
esnr eim i edglf
ejge out ulf
ejgr patl patalf
eac pat2 tanif
eor pasl luilf
eal pas2 raulf
eja esC feralc
ejp bebe jimlc
llzn ric1f
I alelf
ports obalf
kenif
otro
clapif
jailf
lzglf
mich1f
jorlf

that are generally broadly classified as off-task activities,
thereby providing insights into how a specific child and his
peers contribute to the persistence of academic engagement
in the classroom.

At the molar level, the 28 children switched behaviors on
average three or four times a minute and 25% of the transi-
tions were in response to an interaction initiated by another
child. The children generally spent less than 30 seconds on
task at a time, and the likelihood of switching from an on-
task to an off-task activity was linearly dependent on the
time spent on the first task. In other words, the longer the
time spent on eac, the less likely the child was to abandon the
task and vice versa. For more information on the molar dis-
tribution of behavioral transitions we recommend consulting
Santoyo (2006).
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Although we analyzed diachronic relationships between
eac and the other categories for the 28 children over eight
sessions, in this next section, we focus on the results ob-
tained for the target student fdo7f. The boy spent just 19% of
the total class time recorded on ear; the rest of his time was
divided between social interaction (43%) and other activities
(38%). The specific behavioral patterns detected using each
of the four techniques are described below.

T-Pattern detection

The first analysis was T-pattern detection, which is used
to identify hidden patterns within sequential datasets (Mag-
nusson, 1996, 2000, 2005). To meet the requirements of the
technique and the software program (Theme v. 6 Edu), we
prepared the vvtvvt file corresponding to the observation
instrument and the respective .txt data files, arranged in a
single block. A screenshot from the program is shown in
Figure 1.

For the first analysis we search for patterns occurring in
at least 50 % of the observational files, using a significance
level of p < .05. The pattern detection resulted in 133 differ-
ent T-patterns. To narrow down the selection using all the
calculations for the target student, we prioritized T-patterns
first according to their level of statistical significance and
second according to their relationship with the aims of the
study (i.e. T-patterns related to the performance of academic
tasks in the classroom, i.e., the connection between eac and
m1). The category m1 refers to the place assigned to the stu-
dent in the classtoom, i.e., his desk. Table 3 shows all the ar-
eas considered for the general study, but for the purpose of
this analysis, we used 7 to investigate whether the target
student interacted with his peers or displayed eor behavior
away from his desk.

dataname time eventtype

test g =

test 14| fdoif,eor,eja,out

test 19| fdoif,alf1f,eirp,m2

test 24| fdoif,eor,out

test 34| fdoif laulf,eiep,ejge,ml
test 59| fdoif,eor,mi

test 24| fdoif,eac,mi

test 29| fdoif,eor,mi

test 134| fdoif,eac,mi

test 139 | fdoif,eor,m1

test 144| fdoif,eiep,m1

test 219| fdoif,eor,out

test 224| fdoif,eiep,out

test 234 fdoif,eor,out

test 254| fdoif,alfif,eiep,ejge,m2
test 264 fdoif,alfif,eirn,esnr,m2
test 294| fdo1f,eor,out

test 299 | fdo1f,edgif,eirp,espr,m3
test 339 fdoif,eor,out

test 409 fdoif,eac,mi

test 454| fdoif,axe1f eiep,espe,m2
test 479| fdoif,eor,out

test 439 | fdoif,tan1f,eiep,espe,m2

Figure 1. Screenshot from Theme v.6 Edu showing a sample of the T-
patterns retrieved from the dataset. The codes correspond to the codes in
the SOC-IS observation instrument and each row (event-type) shows the

co-occurrence of codes (one for each of the dimensions of the instrument).

The second column, time, shows the duration of each co-occutrence in
frames. In rows showing event-types in which a peer intervenes, the peer’s

code is shown immediately after the target student’s code, fdo7f.

We focused our analysis on T-pattern #1, the most
complex pattern found to occur in half of the observation
files, and T-pattern #129, which was the last of the 133 T-
patterns containing esc and occurring in over half of the ob-
servation files (Figures 2 and 3). »7 appeared in all the
branches of the tree diagrams featuring ear, showing the
strong association between the two categories.
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Figure 2. T-pattern #1 (level of significance p < .05 and occurrences in 50% of observational records) showing relevant results: a) there is an almost perfect
alternation in all the branches of the tree diagram between the occurrence of ear (on-task behavior) and eor (off-task), providing key insights that help to better
understand the organization of behaviors by children in a classroom setting; b) in all the branches of the tree diagram containing ea, there is a connection be-

tween eac and »1 for the target student; and c) in all the branches of the tree diagram containing eor, there is a connection between eor and 77. The connec-

tions between ¢ac and 71 are shown in a rectangle while those between ¢or and 77 are shown in a ellipse.
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Figure 3. T-pattern #129 (significance level of p < .05 and occurrences in 50% of observational records). This T-pattern is practically the simplest of all the
patterns retrieved (there are 133 in total). Note how the connection between ear and 77 is maintained for the target student fdo7fin the only branch of tree di-
agram containing eac. The connection with 7 is also maintained in the only branch containing eor. The connection between eac and 71 are shown in a rectan-
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When we increased the statistical significance require-  patterns, but the connection between eac and m7 was re-
ments (to a level of p <.005 and a minimum occurrence set-  tained (see T-pattern 1 with the strictest parameter require-
ting of 50% of the observational records), we found 15 T-  ments in Figure 4).
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Figure 4. T pattern #1 with stricter statistical requirements than in Figures 2 and 3 (significance level p <.005 and occurrences in 50% of observational rec-
ords). The pattern shows the connection between eac and 1 for the target student fdo7fin the only branch of the tree diagram containing ear. In the two
branches of the tree diagram containing eor, there is also a connection between eor and 71 for the target student. The connection between eac and 1 are

shown in a rectangle while the connections between ¢or and 71 are shown in a ellipse.

X eventtype (N)
1 fdotf,eorml (85)
Event-Type Chart 2 fdotfeacmt (79)
3 fdoifeorout (75)
Data: test B Series! 4 fdolfraulfeiep.espe,
— Average S fdoifeiepmi (9)
Median & fdotf,eorejs,out (9)
— Mode 7 fdo1f feralc,eirp espr,
& fdoifrautf.eirp,esprm
9 fdoifrautfeirpml (8
10 fdo1feiepout (5)
11 fdo1feoreiami (5)
12 fdoi1f.feralc eiep.esp
13 fdo1fuilf eiep,espe,
14 fdoif raulf eiepmi |
15 fdo1f feralc,eiep,mi
16 fdo1fken1feirp,espr,
17 fdo1flau1f eiep,espe
18 fdo1 fluilfeirp,esprm
19 fdo1f,preirp,mé (3)
20 fdo1falfif.eiep,m2 (i
fdo1f.axe1f eiep,espe
fdo1f,axef, eiep, m2
fdo11.eor.eja,eac,mi
fdo1f feraic ciep.esp
fdo'1{ jm1c,eiep,espe
fdo1fmic.eiepm2 (
fdo1fken1feiepespe
fdo1f kenif eiep,m2 |
fdo11i1f eiep,eac,m
fdot f it f eiep,m1 (2
fdo11,obalf eiep espe
fdo1f.obalfeirpmi (
fdo1 f pata1f eip,esp
fdo1{,prelep,md (2)
fdo1,pr.eirp, esprmd
fdo1frautf eiepeac,
fdo11 tan1f,elep espe
fdo1f,ale1f eien.esne
fdo1f.ale1f,eiep espe
fdo11,alf11 elep,ejge,r

z

=~
i

Number of Occurrences
B R E 8 &5 &8 4888 3

4;1 4|5 50
Event Types

SHEUSHRERLEBNNBNRENY

Figure 5. Frequencies of event-types showing how eac is only connected with 717 for the target student fdofl. Likewise, eoris connected with 7 and out for the
same student.

anales de psicologia, 2017, vol. 33, n° 3 (october)



504 Carlos Santgyo et al.

However, in order to explore synergies between the four
methods, we were interested not only in determining the ex-
tent to which ear was statistically associated with certain cat-
egories but also in identifying the categories with which it
was not associated. On observing the frequencies of the dif-
ferent event-types for the target student fdo7f (see Figure 5),
we found that eac was only connected to 7. In other words,
while performing the classroom task (eac), the student exhib-
ited no connections with Initiation, Area (except for #7), or
missing categories. Another interesting observation is the
high distribution of eor (off-task behavior), as this reflects the
motivational competition that exists between on-task and
off-task behavior.

In this analysis the category eor was also closely associat-
ed with 7, indicating that the student did not move from
his desk while alternating between on-task and off-task ac-
tivities.

In the next section, we investigate events that triggered
eor (e.g., eiep) using the other techniques with the ultimate
aim of achieving valuable, complementary insights.

Lag sequential analysis

The first technique analyzed in this section is lag sequen-
tial analysis (Bakeman, 1978; Bakeman & Quera, 1996, 2011,

Sackett, 1978, 1979; Bakeman & Gottman, 1986), which was
performed using SDIS-GSEQ, GSEQS5, and HOISAN.

The SDIS-GSEQ algorithm compares conditional and
unconditional probabilities related to behaviors that occur in
the form of transition frequencies after the criterion behav-
ior (or given behavior as it is known in SDIS-GSEQ). The
given behavior is established according to the needs of each
study. Considering its relevance in our study, the eac category
was established as both the criterion and the conditional be-
havior. Adjusted residuals for the positive lags R1 to R5
were calculated using the binomial test and the correction
proposed by Allison and Liker (1982).

Separate datasets were generated for each of the eight
sessions. Data were entered using the timed-event data op-
tion (type IV data). The resulting SDS files were then con-
verted to MDS files using the GSEQ compiler. Lag sequen-
tial analysis was performed using the GSQ file (Table 4).

Using the results of this analysis (OUT file), we identi-
fied the occurrence of both excitatory or activating behav-
ioral patterns (Resdjuse > 1.96, for p < .05) and inhibitory be-
havioral patterns (Resgjuse < -1.96, for p < .05) (Table 1).

Table 4. Significant adjusted residuals corresponding to the eac category as both the criterion and conditional behavior in the lag sequential analysis (selected
from among all the categories), with consideration of lags R1 to R5. Activating relationships are shown in normal font and inhibitory relationships in italics.
Relationships with the eac category are shown in bold capital letters. All the social interaction categories (episodes and initiation) were considered in the lag se-

quential analysis.

R1 R2 R3 R4 R5
eiep EAC (-8.65) EAC(-7.83) EAC(-7.01) EAC(-6.19) EAC(-6.29)
eirp EAC(-4.59) EAC(-3.71) EAC(-2.83)
espr EAC(-14.50) EAC(-14.01) EAC(-13.52) EAC(-13.03) EAC(-12.69)
espe EAC(-16.53) EAC(-16.26) EAC(-15.99) EAC(-15.71) EAC(-15.45)
ejge EAC(-8.71) EAC(-8.72) EAC(-8.72) EAC(-8.73) EAC(-8.70)
elgr EAC(-3.54) EAC(-3.54) EAC(-3.54) EAC(-3.55) EAC(-3.52)
EAC EAC(79.75) EAC (74.78) EAC (69.81) EAC (64.83) EAC(61.01)
espr (-14.51) espr (-13.70) espr (-12.89) espr (-12.08) espr (-11.44)
espe (-16.54) espe (-15.63) espe (-14.72) espe (-13.81) espe (-12.92)
gge (-8.71) oge (-8.72) ¢ge (-8.73) gge (-8.74) gjge (-8.70)
ear (-3.59) ejgr (-3.59) ejgr (-3.59) gor (-3.59) ear (-3.53)
eor (42.60) eor (-39.80) eor (-36.99) eor (-34.18) eor (-31.45)
eirp (4.63) eirp (4.34) eirp (4.05) eirp (-3.76) eirp (4.04)
eiep (-8.61) eiep (-7.49) eiep (-6.38) eiep (-5.26) ciep (-5.21)
eor EAC(-42.63) EAC(-39,24) EAC(-35.85) EAC(-32.46) EAC(-29.17)

The high values obtained for eac as both the criterion and
conditional behavior indicates that the task is self-sustained,
which is further supported by the fact that it has a statistical-
ly significant inhibitory relationship with espr, espe, ¢jge, ¢ior,
eor, eirp, and eigp. As shown by Table 2 eiep, cirp, espr, espe, ¢jge,
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¢jgr, and eor also had a significant inhibitory relationship with
eac.

To explore the connection between eac and 77 using lag
sequential analysis, we analyzed lag 0, which corresponds to
concurrent events (Table 5).



Observational Analysis of the Organization of On-Task Bebavior in the Classroom Using Complementary Data Analysis

505

Table 5. Adjusted residuals table showing statistically significant co-occutrences between ear and 77 and the inhibitory telationship between eor and 77 and

2.
Retardo 0. RSAJ. Residuos ajustados
Dados Condicionados

ml mZ m3 m4 out patl pat2 pasl
espr -1.25 0.84: 3.41: 3.41 =-1.67 0.00: 0.00: 0.00
espe| =1.25 4.11: -=0.30: -0.30 =1.67 0.00: 0.00: 0.00
esne | 0.00: 0.00: 0.00: 0.00 0.00: 0.00: 0.00: 0.00
eanr| =-0.70: 2.30: =0.17: =0.17 -0.93 0.00: 0.00: 0.00
ejge| 0.55: 1.33: -0.24: -0.24 -1.34 0.00: 0.00;: 0.00
ejgr| 0.00 0.00: 0.00: 0.00: 0.00 0.00: 0.00: 0.00
eac| 4.61 -1.41: -0.53: 0.53: -2.95: 0.00: 0.00: 0.00
eor| =-2.46; =-2.90: =1.10: =1.10; 5.17 0.00 0.00: 0.00
eal| 0.00: 0.00: 0.00: 0.00: 0.00: 0,003 0.00: 0.00
ejal 0.00: 0.00: 0.00: 0.00; 0.00 0.00 0.00; 0.00
eipl 0.00: 0.00: 0.00: 0.00: 0.00: 0.00;: 0.00: 0.00

As secen, the adjusted residual was 4.61, indicating a
strongly significant association between the two categories.
The negative connection between eor and 1 is also note-
worthy, as it shows that off-task behavior also occurs away
from the student’s desk, complementing findings from the
first analysis.

Trend analysis

Using the adjusted residuals obtained in the lag sequen-
tial analysis, we applied trend analysis to assess the extent to

which the relationships connecting eac with the other catego-
ries varied across the different lags analyzed.

Using the adjusted residuals available for each of the
positive lags, R1 to R5 (Table 3), linear regression equations
were generated in STATGRAPHICS and the resulting
trends were displayed as graphs. As mentioned above, the eac
category was established as both the criterion (Table 6) and
the conditional behavior (Table 7).

Table 6. Regression equation results and adjusted residual graphs (lag sequential analysis), with the ear category as the criterion behavior.

Griéfico del Modelo Ajustado = Adjusted Model Graph.

[Target behavior [Regression equation [Trend

espr IAdjusted tresidual eac / espr =|0.0000%***
-15.252 + 0.776*Lags

Grafico del Modsio Ajustado
Res.ajust eac/espr=-15252 + 0.776*Retardos

Res, ajust eac {espr

PRI BN S U O O A0 O |
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Target behavior [Regression equation ) Trend
espe IAdjusted residual eac / espe =|0.0000%** Grafico del Modelo Ajustadgo
-17.442 + 0.906*Lags Res. 8)ust sac | e6ps = -17.442 - 0,505*Retardos
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a7 ]
B
s SN =]
E
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g
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[ 2 3 s
Retardos
ejgr \Adjusted residual eac / ¢gr =(0.18 Grafico del Modelo Alustado
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eor IAdjusted residual eac / eor = -0.0000%%* Grafico del Modsio Ajustado
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[Target behavior [Regression equation Trend
eirp IAdjusted residual eac / eirp =|0.07 Grafico sl Modeio Ajustado
14.692 + 0176*Lags Res. 3just sac / sirp = -4,£92 - 0,17¢*Retardos
.3'? — l. T L hd T v T ¥ ¥ L ¥ T g
ssf =
e E ]
s [ ]
pr L A
2 sk J
T ]
asC 3
<7k ; / i i .
[ 1 2 3 4 5
Retardos
eiep \Adjusted residual eac / eiep ={0.005%* Grafico dsi Moasio Austsdo
L9.299 + O.903*Lags Res. sjust eac/ slep = -5,239 - 0,303 Retardos
g.
i
=
E

The regression equation linking eac (criterion behavior)
to eor (conditional behavior) in Table 5—cac / eor = -45.38 +
2.792*Lags—provides information on the association be-
tween the behaviors that complements the results of the T-

pattern and lag sequential analyses. The existence of a nega-
tive value at lag O (concurrence) again shows that these be-
haviors do not occur simultaneously, but rather in alterna-
tion, as seen previously in the T-pattern analysis.

Table 7. Regression equation results and adjusted residual graphs (lag sequential analysis), with the ear category as the conditional behavior.

Res, ajust elep /eac

Criterion behavior Regression equation  p Trend
eiep Adjusted residual eigp /]0.009%* Grafico 041 Moasio A)ustsco
cac = -9.102 + 0.636*Lags OO SJUGL. oo/ 095 =002 + LEIF FRnEardos
S71F L I I E S S B R e S E B Ee S g
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Criterion behavior Regression equation Trend
eirp IAdjusted residual eirp /[0.0000%%%* Granco 0sl Modsio Ajustado
eac = -5.47 + 0.88*Lags Res. ajust sirp | sac =-5.47 - 053 Retardos
_u =T
31 -
£ sl
e
o AT
=
s
43 -
i L gy s 2 L =
1 14 15 22 F1 3
Retardos
espr IAdjusted residual espr /|0.0001%*** Gl el Muxduty [\ rindo
eac = -14.93 + 0.46*Lags PO IR o Y= 3> .0 et
-126
-3
£
2
- =142
&
-148
A5 b ; ; : i ;
[ 1 2 3 4 ]
Retardos
espe IAdjusted residual espe /[0.0000%** Grafico dsl Modsio Ajustado
eac — -16.801 + fes ajust espa/eac=-16501 = 0.271*Retardos
0.271*Lags = . —————T———— T
o =158 = -
g
R -
2
& sl -
-7 = f R L i PR L 1=
[} 1 2 3 4 §
Retardos
ejge IAdjusted residual ¢jge / ead0.82 Grafico del Modsio A|ustado
— _8.719 + 0.001*Lags Res. ajust 8)ge / sac = -5.715 « 0.001*Retardos
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Criterion behavior Regression equation  p Trend
ejgr IAdjusted residual ¢jgr / ead0.46 Grafico dsl Modsio Ajustado
= -3.547 + 0.003*Lags Res. ajust 8)pr ! 880 = -3.547 - 0.003°Retardos
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leor Adjusted residual eor / ¢ad0.0000%** Grafico 0sl MO0 Ajustado
= -45.98 + 3.37*Lags Res. sjust sor/eec = 45,58 + 3.37"Ratarcos
=y T T T L T ™—)
- 4
K ]
z [ |
= o ]
= L ]
-4 |- -
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Retardos

The regression equation linking eor (criterion behavior)
and eac (conditional behaviot) was eor / eac = -45.98 +
3.37*Lags. Again, the existence of a negative value at lag 0
shows that these two events cannot occur simultancously,
regardless of whether or not they occur in the same setting
().

The final analysis of the organization of class time, par-
ticularly with respect to the relationship between eac and the
other categories, was performed using polar coordinate anal-
ysis.

Polar coordinate analysis

Polar coordinate analysis is a powerful data reduction
technique that depicts complex relationships between a giv-
en category, known as a focal category, and other categories
in the form of vectors. We applied the technique to show
the network of relationships between eac (the focal behavior,
which corresponds to the given behavior in lag sequential
analysis) and the other categories in SOC-IS (conditional
behaviors) to generate a map showing the various interac-
tions between categories. The technique was proposed by
Sackett (1980) based on previous work by Bakeman (1978)
and was subsequently enriched by the incorporation of the
concept of genuine retrospectivity (Anguera, 1997). Used in
combination with SOC-IS, it has proven very useful in stud-
ies analyzing children’s behavior in the classroom (Anguera,

Espinosa, & Santoyo, 2002; Anguera, Santoyo, & Espinosa,
2003; Espinosa, Anguera, & Santoyo, 2004) and in other ob-
servational studies (Hernandez-Mendo & Anguera, 1998;
Anguera & Losada, 1999; Aragén, Lapresa, Arana, Anguera
& Garzoén, 2017; Castafier et al., 2016; Gorospe & Anguera,
2000; Herrero, 2000; Lopez, Valero, Anguera & Diaz, 2016;
Morillo, Reigal & Hernandez-Mendo, 2015; Perea, Castella-
no, Alday & Hernandez-Mendo, 2012). We believe that po-
lar coordinate analysis would also be a valuable tool for ana-
lyzing the impact of self-regulation interventions in children
with high rates of behavior transitions (Norris, 2016; Slat-
tery, et al., 2016).

Following Cochran’s proposal (1954), the prospective
adjusted residuals (positive lags) and retrospective adjusted
residuals (negative lags) generated in the lag sequential analy-
sis were used, respectively, to compute prospective and ret-
rospective Zgm values, which in turn were used to calculate
vector length and angle.

The resulting vectors atre located in different quadrants,
depending on their angle: 0-90° corresponds to quadrant I,
91-180° to quadrant II, 181-270° to quadrant III, and 271-
360° to quadrant IV. Quadrants I and III are symmetric,
while quadrants II and IV are asymmetric. Quadrants I and
III correspond, respectively, to mutual activating and inhibi-
tory interactions. Quadrant I corresponds to an inhibitory
relationship between the criterion and the conditional be-
havior (or an activating relationship when the opposite di-
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rection is detected), while quadrant IV corresponds to an ac-
tivating relationship between the criterion and the condi-
tional behavior (or an inhibitory relationship for the oppo-
site direction).

The use of polar coordinate analysis has been greatly fa-
cilitated by the inclusion of a dedicated feature in the soft-

Carlos Santgyo et al.

ware program, HOISAN. All the vector parameters were
calculated and displayed as graphs using this program (ver-
sion 1.6.3.2) (Hernandez-Mendo, Lopez-Lopez, Castellano,
Morales-Sanchez, & Pastrana, 2012).

The results of the polar coordinate analysis are shown in
Table 8 and Figures 6 and 7.

Table 8. Polar coordinate analysis results, where the eac category was considered the focal behavior and the other categories were considered the conditional
behaviors. The asterisk (*) indicates that the vector length (which reflects the strength of the relationship between the corresponding categories) was signifi-

cant.

Focal Behavior  [Categories Quadrant Prospective perspective Retrospective perspective | Radius Angle
[Episode_espr II -2.65 0.04 2.65 (% 179.03
[Episode_espe 1T -1.15 -2.38 2.65 (% 244.13
[Episode_esne 1T -1.17 -1.18 1.66 2252
[Episode_esnr 11T -1.17 -0.09 1.17 184.36
[Episode_ejge 1T -2.83 -1.37 314 (% 205.9
[Episode_ejgr 1T -1.65 -1.37 215 219.65
[Episode_eac 1 4.81 4.81 6.8 (" 45
[Episode_eor 1 0.94 1.33 1.63 54.71
[Episode_eal v 0 0 0 0

eac [Episode_cja I -1.17 -1.81 216 (M 2372
[Episode_ejp v 0 0 0 0
Iniation_eirp II -2.56 0.11 2.56 (% 177.56
Iniation_eiep 111 -2.49 -4.45 510 240.82
[niation_eien 111 -1.17 -1.18 1.66 225.2
Iniation_eirn I -0.14 -0.78 0.79 259.96
Area_m1 I 8.17 8.19 11.57 (% 45.07
Area_m2 I -2.87 -4.35 521 (% 2306.56
Area_m3 11 -1.17 -0.08 1.17 184.03
Area_m4 1I -0.48 0.74 0.89 122.94
Area_out 1T -6.93 -6.23 9.31 (% 221.95
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Figure 6. Polar coordinate vectors, where eac is the criterion behavior and

¢jge and ¢jgr (episode of social interaction categories) are the conditional be-

haviors. Vectors with a significant length or radius are shown in red, while
those with a non-significant length or radius are shown in blue.
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Figure 7. Polar coordinate vectors, where eacis the criterion behavior and
esprand espe (initiation of social interaction categories) ate the conditional
behaviors. Vectors with a significant length or radius are shown in red, while
those with a non-significant length or radius are shown in blue. Note that
even though the relationship is not significant, there is a mutual inhibitory
relationship between eac and eirp and ede, showing that these last two catego-
ries favor off-task behavior.
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In quadrant I, the only category that had a mutual acti-
vating relationship with eac was 1 (the corresponding vec-
tor had a length of 11.57 and an angle of 45.07°). Given the
asymmetric relationship that characterizes quadrant IV, in
which the focal behavior has an activating effect on all other
categories in the quadrant, the only categories it could affect
were ea/ and ¢jp, for which the corresponding vectors had
null values.

While the results of quadrants II (inhibitory focal behav-
ior) and III (mutually inhibitory focal and conditional behav-
ior) are not directly pertinent to our analysis, they are con-
sistent with the results of the other techniques. The fact that
eac had a significant inhibitory effect on the social categories
in quadrants 11 (espr, eirp) and 111 (espe, esne, esnr, ejge, ¢jgr, eiep,
eien, and eirn) shows an “incompatibility” that permits a
greater understanding of how time is organized in the class-
room.

Discussion

The aim of this study was to show how complementary ob-
servational methodology techniques can be used to analyze
the distribution of classroom behavior from the perspective
of a single child. Our results therefore should be contem-
plated within the context of a case study, i.e., they are not in-

511

tended to be generalized to the broader population of stu-
dents. The majority of studies in this area have based their
findings on information collected through questionnaires
and other sources of indirect data. Studies of the distribution
of time in classroom settings can offer highly relevant in-
sights into what actually occurs in the classroom and how
this impacts student motivation, academic activities, and
other relevant experiences. The main strength of the current
study is that we analyzed behavioral patterns related to aca-
demic tasks performed by primary school children from an
individual and group perspective.

Our specific aim was to use four complementary tech-
niques to study relationships between on-task behavior and
other interaction categories to analyze how students spend
their time in the classroom. We focused on on-task behavior
(the eac category) to address some of the gaps in knowledge
on how classroom time is organized.

Considering, a priori, that it is difficult to interpret rela-
tionships between the ear category and other interaction cat-
egories using any of the four techniques—T-pattern detec-
tion, lag sequential analysis, trend analysis, and polar coordi-
nate analysis—in isolation, we decided to use a combination
of the techniques and assess the convergence between re-
sults.

Table 9. Side-by-side comparison of T-Pattern detection, lag sequential analysis, trend analysis, and polar coordinate analysis results. The asterisk (*) indicates
that the vector length (which reflects the strength of the relationship between the corresponding categories) was significant.

T- Polar coordinate analysis Lag sequential anal. Trend analysis
Pattern
Prospec- | Retros- eac as eac as eac as eac as
Focal | Categories Event- | Quadr | tive pective | Radius | Angle | given given target given
types 8 perspec- | perspec
tive -tive
Episode_espr - Il -2.65 0.04 2.65(") | 179.03 | Inhibitory | Inhibitory | Upward & Upward &
significant significant
Episode_espe - 1l -1.15 -2.38 2.65(%) | 244.13 | Inhibitory | Inhibitory | Upward & Upward &
significant significant
Episode_esne - il -1.17 -1.18 1.66 2252
Episode_esnr - I -1.17 -0.09 117 164.36
Episode_ejge - 1l -2.83 -1.37 314 (%) | 2059 | Inhibitory | Inhibitory | Upward & Upward &
NS NS
Episode_ejgr - il -1.65 -1.37 215(%) | 219.65 | Inhibitory | Inhibitory | Upward & Upward &
NS NS
Episode _eac - | 4.81 4.81 6.8 (%) 45
Episode_eor - | 0.94 1.33 1.63 54711 Upward & Upward &
significant NS
€ac  "Episode_eal = v 0 0 0 0 Upward &
NS
Episode_egja - I 117 -1.81 216(%) | 237.2
Episode ejp - v 0 0 0 0
Initiation_eirp - I -2.56 011 256 (*) | 177.56 | Inhibitory | Inhibitory | Upward & Upward &
NS NS
Initiation_eiep - il -2.49 -4.45 5109 240.82 | Inhibitory | Inhibitory | Upward & Upward &
NS significant
Initiation_eien - 1l -1.17 -1.18 1.66 2252 [ NS NS
Initiation_eirn - I -0.14 -0.78 0.79 259.96 | NS NS
Area_m1 eacmil || 8.17 8.19 11.57 (%) [ 45.07
Area_m2 - I -2.87 -4.35 521 (%) [ 236.56
Area_m3 - [ -1.17 -0.08 117 184.03 | Not Not Not analyzed | Not analyzed
analyzed | analyzed
Area_md - Il -0.8 0.74 0.89 122.94
Area_out - il -6.93 -65.23 9.31(%) | 22195
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Table 9 shows a side-by-side comparison of the results
and helps to detect interpretative synergies.

The first finding of note is that according to the results
of the T-pattern, lag sequential, and polar coordinate anal-
yses, on-task behavior (eac) was not significantly associated
with any other episodes and the only consistent connection
observed was with 7.

Of particular note also is the statistically significant mu-
tually inhibitory relationship between eac and both ¢jge (epi-
sode of group play in target child,) and ¢jgr (episode of group
play in target peers). When the ear category was analyzed as
the criterion behavior, both ¢jge and ¢jgr generated vectors lo-
cated in quadrant I1I, indicating that play has a disruptive ef-
fect on on-task behavior. The adjusted residuals for lags R1
to R5 also exhibited an upward, albeit insignificant trend, in-
dicating that the longer the play episode, the less likely the
student is to start an academic task.

The espr (positive social interaction [prosocial behavior)
by target child) and espe (positive social interaction in target
peers) categories are also particularly relevant. Both exhibit-
ed a significant inhibitory relationship with eas, indicating
that social interaction interferes with academic activity. In
the case of espe, the relationship was also reciprocal, as the
corresponding vector was located in quadrant 111, unlike that
of espr, which was located in quadrant II. The adjusted resid-
uals for the positive lags R1 to R5 exhibited an upward
trend, reflecting, in a statistically significant manner, the con-
solidation of this inhibitory relationship. The relationships
between on-task behavior and social interaction (espr and es-
pe) have important implications for education and the organ-
ization of classroom activities. The inclusion of categories
that permit the identification of the person who initiates a
social episode allowed us to confirm the motivational im-
portance of actions initiated by the target child or his peers
favoring off-task behavior. These aspects are evident in both
the polar coordinate and T-pattern analyses.

Finally, the relationship between the eac category and
both the e/rp (positive social interaction initiated by peer) and
the eigp category (positive social interaction initiated by target
child) is also interesting. We observed a statistically signifi-
cant inhibitory relationship between the two categories and
eac as both the criterion and conditional behavior, highlight-
ing the fact that initiation of social interaction distracts chil-
dren from academic tasks. The eigp vector was located in
quadrant 111, while the eirp vector was located in quadrant II.
The inhibitory nature of these categories was further sup-
ported in the trend analysis, as they exhibited an upward
trend, regardless of whether eac was analyzed as the criterion
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