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Advancing theories of effective teaching on the basis of adolescent mean-
ing-making (within the context of a teacher evaluation system) necessi-

tates several acts of translation. First, adolescents’ daily experiences of
exposure to particular teacher actions that affect student outcomes must
be translated into high-quality survey items. Then, translation must proceed
from the data generated from those items into informed individualized pro-
fessional learning opportunities for teachers. Indeed, policy-relevant find-
ings and guidelines for teaching are predicated on issues of
validity—actually knowing the specific nature of what is being measured
—so that clear practices and policies to support the improvement of teaching
can be designed and implemented. It is well known that ‘‘scores averaged
across an ill-defined assortment of items offer no basis for knowing what
is being measured’’ (Marsh & Roche, 1997, p. 1187). Understanding how the-
ories of effective teaching should or should not inform the selection, use,
and improvement of teacher evaluation measures, such as student surveys,
has important implications for practice given that in the present accountabil-
ity context, measurement incentivizes how teachers teach. Underdeveloped
measures may lead to ill-informed pedagogical choices.

As of publication, 45 U.S. states had developed statewide teacher evalua-
tion systems. Common reform features include the use of multiple measures
of teacher performance (e.g., observational instruments, students’ standard-
ized test scores, teacher portfolios) as well as teacher rating scales that denote
a range of distinct performance levels. While variability exists in the details of
what data are gathered and how those data are used to model student growth,
a noteworthy and recent addition to the assessment of effective secondary
teaching is the inclusion of student perception surveys.

In the present paper we use data from the large, U.S.-based Measures of
Effective Teaching (MET) database to examine the underlying structure
of the Tripod student perception survey (Ferguson, 2010). In part because
of the publicity garnered by the MET project, the Tripod student perception
survey has become among the most popular student perception surveys on
the U.S. market. We estimate that during the 2015–2016 school year approx-
imately 1,400 schools administered the Tripod. The 36-item Tripod survey is
organized around seven distinct theoretical domains of classroom instruc-
tion, or ‘‘the 7Cs.’’ The components of effective teaching that the Tripod pur-
ports to measure (e.g., care, challenge, confer) are central to many
theoretical models of effective teaching and effective teachers, such as the
concepts of warm demander (Kleinfeld, 1975; Ware, 2006) and culturally
responsive teaching (Gay, 2010).

Two decades ago, Marsh and Roche (1997) argued that student evalua-
tion of teaching instruments failed to provide an ample assessment of
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theoretically sound, multiple dimensions of teaching quality, in ways that
undermined the use of such instruments to inform diagnostic feedback. As
such, well-articulated theories of effective teaching, such as Ferguson’s
(2010) 7Cs, productively inform building an evidence base around the
underlying explanatory mechanisms that link teacher action with adolescent
outcomes. More specifically, attending to adolescent perceptions as a
central aspect of theory-building acknowledges adolescents as active
co-constructors of learning ecologies with the agency to, as Nakkula and
Toshalis (2006) describe, rightfully resist educational experiences they per-
ceive to be inauthentic or unsafe.

In 2014, Schweig took an atheoretical, exploratory approach to
examining the multilevel factorial structure of the Tripod using results
from an administration of the survey to California students (N = 6,386 stu-
dents; N = 349 class sections) in one urban school district during the 2010
school year. Results from that exploratory analysis suggested ‘‘five factors
at the within level, and two factors at the between level’’ (pp. 270–271).
Our study extends this and other prior research on the Tripod instrument
by empirically testing the underlying structure of the Tripod student percep-
tion survey through the lenses of predominant theories of effective teaching.
This investigation is made possible due to the fact that despite Tripod items
being developed in relation to a specific theory of effective teaching, the
items cover a diverse range of classroom experiences described in rather
general terms. Therefore, student endorsements of Tripod items can help
us learn about student assessments of effective teaching more broadly.
Our investigation brings to bear plausible and theoretically supported factor
structures concerning the Tripod instrument by considering multiple theoret-
ical factor structures and the extent to which there is comparative and abso-
lute support for each structure across multiple school districts.

Student Perceptions of the Learning Environment

Prior research has demonstrated that student perceptions of the learning
environment can be both reliable (e.g., Fauth, Decristan, Rieser, Klieme, &
Büttner, 2014; Wagner, Göllner, Helmke, Trautwein, & Lüdtke, 2013) and
predictive of learning (e.g., Kane & Cantrell, 2010; Kane & Staiger, 2012).
Broadly speaking, student perceptions of the learning environment are likely
indicative of the motivational aspects of classrooms (McCaslin, 2009;
Spearman & Watt, 2013) for the fact that student perceptions of a classroom
environment, constituted in youth-adult interactions, are the primary mech-
anism through which adolescents assent-to-learn in classrooms (Brophy &
Good, 1974; Erickson, 1987; Erickson et al., 2007).

If students do not form a positive connection with their teacher, it is
within their control to minimally learn core content or refuse to learn any-
thing at all (Wallace & Chhuon, 2014). Thus, interactions between a student
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and his or her teacher are the source material for student-teacher connec-
tions, and these connections can strongly influence student learning
(Davis, 2003). Given the importance of student perceptions of the learning
environment, student reports of the quality of interactions and processes
within a classroom are potentially an important measurement strategy for
evaluating and developing teachers. Beyond providing firsthand impressions
of the quality of student-teacher interactions and classroom processes, stu-
dent reports offer a promising way to evaluate teaching because they can
be used to measure theoretically informed and practically important dimen-
sions of instruction; draw on the perspectives of multiple students, making
survey measures potentially more reliable; and provide more efficient assess-
ments of quality compared with alternative, resource-intensive assessments
such as classroom observations (Turner & Meyer, 2000).

Students as Raters of Teaching Quality

Despite the advantages of student surveys, student raters are fundamen-
tally different than the trained adult observers who use formal observational
instruments to gather data relevant to teaching quality. Prior research has
found low to moderate agreement between teacher ratings and student rat-
ings of instruction (e.g., Desimone, Smith, & Frisvold, 2010; Kunter &
Baumert, 2006). Unlike adult observers who undergo rigorous training and
certification processes to establish their skill at consistently differentiating
among complicated, theoretically proposed domains of instructional prac-
tice, students receive no training prior to data collection. As such, the implicit
conceptualization of expertise is quite distinct between adult observers and
student survey takers.

While adult observers gain expertise by mastering and applying the con-
tent of adult-created frameworks of effective teaching, student observers
possess naturally acquired expertise through their lived, everyday experien-
ces in classrooms. For example, students are often experts in ‘‘contingencies
of their social environments’’ (McCaslin & Hickey, 2001, p. 137) and, there-
fore, likely attune to the nuances of peer interaction that are conditioned
indirectly, but powerfully, by a teacher’s instructional practice (Gest &
Rodkin, 2011). Classrooms, by their very nature, are participatory, and it is
probable that ongoing experiences of participation shape assessments of
teaching quality in ways that are fundamentally distinct from a nonpartici-
pant, outside observer.

Likewise, students’ firsthand experiences of participation in instructional
activities situate adolescents’ assessments of teaching quality as originating
primarily from the perspective of a learner versus that of the teacher.
From a situative perspective, learning may best be characterized as the
development of more effective participation in the practices of inquiry and
discourse around collaborative sense-making and reasoning (Greeno,

Underlying Structure of the Tripod

1837



1998). Thus, adolescents may be particularly sensitive to the affordances and
constraints that support their effective participation, particularly interactions
and experiences that are most salient to the continual renegotiation of
resources for learning. These sensitivities to teachers’ distribution of partici-
pation opportunities (i.e., framing of who gets to participate) and the mean-
ingfulness of the work students are being asked to complete may influence
how an adolescent rater interprets or makes sense of the significance of
instructional interactions and subsequently endorses survey items.

Theories of Effective Teaching

Teaching is a complex and multidimensional practice with overlapping
and simultaneous teacher actions occurring continuously over time (Carlisle,
Kelcey, Berebitsky, & Phelps, 2011). Like practitioners in other clinical prac-
tices, such as counseling or medicine, teachers must enact specific compe-
tencies in real time under dynamic and evolving contexts. Teaching,
however, is unique from other clinical practices in that it takes place publicly
in front of up to 30 developing individuals. Moreover, teaching is a practice
aimed at promoting positive development among a diverse set of persons
entering at different starting points with unique histories both within school
and out of school.

Within this context of complexity, theoretical models of teaching have
emerged to summarize and advance particular conceptualizations of effec-
tive teaching. One aspect of teacher evaluation systems that often goes
unchallenged is how particular theories of effective teaching are instantiated
in the instruments used in such systems. At present, four alternative multidi-
mensional models of effective teaching are prominent in the evaluation
instruments used by many districts in the United States. As noted earlier,
Tripod items were developed on the basis of one specific conceptualization
of effective teaching. Yet, these items cover a diverse range of experiences in
classrooms described in rather general terms. Thus, testing the underlying
structure of the Tripod student perception survey instrument permits testing
potential alternative conceptualizations of teaching from the student per-
spective. Below we review prominent conceptualizations of effective teach-
ing informing our investigation of the underlying structure of the Tripod
instrument.

One theoretically proposed model of effective teaching comprises
a two-dimensional structure with factors representing academic press and
social support for learning (Ferguson & Danielson, 2014; Lee & Smith,
1999; Lee, Smith, Perry, & Smylie, 1999). Academic press is defined as the
‘‘normative emphasis on academic success’’ (Lee et al., 1999, p. 10), which
motivates a rigor and focus on fostering conditions so that children can learn
what is expected of them by the standards of society (Ferguson & Danielson,
2014). Social support for learning is defined as the instructional supports that
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are both relational and social that provide students with a sense of trust, con-
fidence, and psychological safety (Ferguson & Danielson, 2014; Lee et al.,
1999).

An alternative, theoretically proposed model of effective teaching com-
prises a three-dimensional structure with dimensions corresponding to class-
room organization, instructional support, and emotional support (Pianta &
Hamre, 2009; see also Kunter & Baumert, 2006 for a similar, but differently
worded formulation). Classroom organization is a teacher’s ability to help
students organize their attention and behavior toward academic activities
and goals, and strong classroom organization is often materialized in the
classroom through clear and consistent routines (Emmer & Strough, 2001).
Instructional support distinguishes between the classroom activities and
interactions that simply promote fact knowledge versus those that promote
an understanding of how facts are organized, conditioned, and intercon-
nected with one another (Mayer, 2002). The quality and nature of teacher-
provided feedback are also critical components of instructional support
(Kulik & Kulik, 1998). Emotional support has long been understood to be
critical to child and adolescent development and motivation and is
evidenced by teachers’ dependability, their demonstration of genuine con-
cern for and care about students, a desire to understand students’ feelings
and points of views, and respect for students (Patrick, Anderman, & Ryan,
2004).

Another theoretically proposed model of effective teaching is that which
informs the Tripod (Ferguson, 2010) and comprises a seven-dimensional
structure. These dimensions include the following: (a) care, (b) confer, (c)
captivate, (d) clarify, (e) consolidate, (f) challenge, and (g) control. Care
describes how a teacher creates interpersonal relationships that support per-
ceptions of emotional closeness and belonging (Ferguson, 2010). Recent
conceptualizations of care within the adolescent-adult relationship context
have acknowledged the asymmetry of status that exists between a teacher
and a student and the importance of understanding care in terms of the iden-
tities being ascribed to the student via experiencing the classroom environ-
ment in terms of coherency with deeply personal, evolving identities that
students hold (Toshalis, 2015; Wallace & Chhuon, 2014). Confer describes
how a teacher solicits students’ points of view and invites students to express
themselves (Ferguson, 2010). Support for the importance of student-
centered approaches to instructional interactions comes from many sources
but perhaps most centrally from autonomy support theory, which prescribes
following student leads and incorporating student input into instruction
(e.g., Reeve & Jang, 2006). Three dimensions—captivate, making material
interesting and relevant to students; clarify, diagnosing students’ particular
gaps in knowledge and having multiple ways to explain ideas; and consol-
idate, helping students organize content knowledge in preparation for future
learning (Ferguson, 2010)—all describe current conceptualizations of
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ambitious pedagogy. For example, Thompson, Windschitl, and Braaten
(2013) identify the following four sets of practices: selecting big ideas/mod-
els, working with students’ ideas, working with disciplinary ideas, and press-
ing for explanation. High-quality enactments of all of these would entail the
features described by the former three Tripod dimensions. Challenge, press-
ing students to work and to think hard, attends to the role of high expecta-
tions in student learning (Ferguson, 2010). Investigations of the relation
between teachers’ expectancies and student academic outcomes have dem-
onstrated weak to moderate associations, suggesting that teacher expectancy
behavior is achievement relevant (Friedrich, Flunger, Nagengast, Jonkmann,
& Trautwein, 2015; Good, 1987; Noguera, 2003). Control describes how
a teacher manages her classroom and, in particular, maintains effective com-
munication and focus (Ferguson, 2010). Recent conceptualizations of class-
room management have emphasized relational factors such as prioritizing
students’ perceptions of trust, respect, and connectedness (e.g., Milner &
Tenore, 2010), while keeping central a notion of minimizing disruptions
so that teachers can teach and students can focus on academic work (e.g.,
Cartledge, Lo, Vincent, & Robinson-Ervin, 2015). In such a framework, eval-
uating a teacher’s competence in managing a classroom has focused simul-
taneously on positive concepts like respect and negative concepts like
disruptive behavior (Schweig, 2014).

The last proposed model conceptualizes teaching as comprising both
general and specific dimensions. Recent research by Hamre, Hatfield,
Pianta, and Jamil (2014) suggests that there are generic properties of interac-
tive behavioral exchanges between students and teachers as well as proper-
ties that are specific to role, intent, and content of particular instructional
interactions. This bifactor-like theory of effective teaching proposes a model
wherein a general element of instructional quality related to responsivity
influences all teacher-student interactions and, further, a set of domain-
specific elements related to motivational supports, classroom management,
and cognitive facilitation influence particular interactions dependent upon
the specifics of the interaction (Hamre et al., 2014). The general element
of instructional quality related to responsivity can also be understood as
how successful a teacher is at establishing and maintaining a psychologically
safe classroom for a diverse group of students (Wanless, 2016; Williams,
Woodson, & Wallace, 2016). Lee’s (1992, 2001) cultural modeling theory
advances an implicit bifactor-like theory of effective teaching wherein teach-
ers possess a general sensitivity to the importance of culturally based inter-
action styles but use specific kinds of scaffolding that prepare adolescents for
future learning by using prior cultural knowledge as a foundation during
instructional interactions. The bifactor-like theory of teaching is also sup-
ported by recent research on the importance of teachers’ social and emo-
tional competencies for effective enactment of more complex instructional
practices (e.g., Jennings & Greenberg, 2009; Roeser, Skinner, Beers, &
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Jennings, 2012), specifically mounting evidence that teachers interpret and
respond differentially to similar types of classroom demands dependent
upon the stress response, or an in-the-moment appraisal of whether the
available resources are commensurate with the demand (McCarthy,
Lineback, & Reiser, 2014).

The Current Study

In the present study, we address policy-relevant research questions
related to supporting the measurement and improvement of teaching. We
investigated the dimensionality of a popular U.S. secondary student percep-
tions instrument, the Tripod student perception survey (Ferguson, 2010),
using multilevel item factor analyses. Our aim was to examine whether dif-
ferent conceptualizations of effective teaching were reflected in students’
endorsements of Tripod items. To do so, we examined the structural validity
of the Tripod using a novel sample and probing the extent to which there is
empirical support for the underlying dimensions proposed by theory.

We considered five factor structures: (a) a baseline model comprising
a unidimensional structure with one overall latent factor; (b) a two-
dimensional structure with factors representing press and support
(Ferguson & Danielson, 2014; Lee & Smith, 1999); (c) a three-dimensional
structure with dimensions corresponding to classroom organization, instruc-
tional support, and emotional support (Pianta & Hamre, 2009); (d) a seven-
dimensional structure representing the conceptual organization used by the
Tripod developers (Ferguson, 2010); and (e) a bifactor-like structure consist-
ing principally of a general responsivity dimension that partially informs
responses on all items and a classroom management dimension that governs
responses on items surrounding classroom management issues (Hamre et
al., 2014; Lee, 1992, 2001). Further, we examined correlations between our
final Tripod measurement model and ratings using the Classroom Learning
Assessment Scoring System-Secondary (CLASS-S; Pianta, La Paro, & Hamre,
2008), and we used multilevel structural equation modeling to examine
the predictive validity of the Tripod as it relates to teacher value-added
scores.

Methods

Supported by the Bill and Melinda Gates Foundation, the MET database
is the largest dataset of classroom teaching ever collected in the United
States. The MET database contains a variety of data sources related to teach-
ing collected over a 2-year period (AY 2009–2010 and AY 2010–2011) in the
classrooms of more than 2,500 fourth- through ninth-grade teachers working
in 317 schools located in six large school districts in the United States
(Charlotte-Mecklenburg Schools, North Carolina; Dallas Independent
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School District, Texas; Denver Public Schools, Colorado; Hillsborough
County Public Schools, Florida; Memphis City Schools, Tennessee; New
York City Department of Education, New York).

Sample and Data Collection

Recruitment for study participation began at the district level with dis-
tricts having prior connections to the Gates Foundation targeted for inclu-
sion. Once a district agreed to participate, special education schools,
alternative schools, community schools, autonomous dropout and preg-
nancy programs, returning education schools, vocational schools that did
not teach academic courses, and any other schools that had team teaching
or other structural features that made it impossible to assign responsibility
for a student’s learning to a single, specific teacher were excluded (White
& Rowan, 2014). Of the eligible schools, principals decided whether to par-
ticipate. Teachers in participating schools were then recruited. The participa-
tion of particular teachers and the specific class sections to be observed
determined the student sample for the MET database. Once a teacher met
all eligibility criteria and consented to be in the study, efforts were made
to include all her students in the sampled class section. In all districts but
one, a process of passive consent provided parents the opportunity to
remove their child from the study. Given the sampling procedures, the stu-
dents in the MET database were, as the MET User Guide describes, ‘‘included
in the study simply as a result of all these prior opportunistic processes’’
(White & Rowan, 2014, p. 23).

Here, we limit our analyses to sixth (n = 388), seventh (n = 337), and
eighth grade (n = 324) mathematics class sections. The students represented
in these class sections were equally split among male and female students,
with 40% of students self-identifying as Latinx, 31% self-identifying as
African American, and 27% self-identifying as European American. The
remaining 2% of students self-identified with other races and ethnicities.
Our analysis focuses on mathematics classrooms because of the well-
documented potential for threatening environments to exist for students of
color in science, technology, engineering, and math classrooms (e.g.,
McGee and Martin, 2011) and, thus, the resulting need for greater under-
standing of effective teaching in these classrooms.

Measures

Student Perception Survey

Adolescents’ perceptions of their mathematics teacher and adolescent
self-report of personal experiences in their mathematics classrooms were
measured using the Tripod scale items developed by Ferguson (2010) and
other survey items authored by MET researchers. The 36-item Tripod scale
includes questions as follows: ‘‘My teacher seems to know if something is
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bothering me’’ and ‘‘In this class, we learn to correct our mistakes.’’ Each
item was rated on a 5-point Likert scale ranging from totally untrue to totally
true. Negatively worded items of the Tripod survey were reverse coded. See
Table 1 for a listing of all 36 Tripod items. Despite the ordered nature of
responses, prior analyses concerning the Tripod instrument and other stu-
dent reports of teacher behavior that have used similar Likert items have
largely treated student responses as if they are continuous. However,
research has indicated that such approaches, which treat ordinal data as if
they had metric properties, may lead to incorrect results and inferences
(e.g., Jöreskog & Moustaki, 2006).

Classroom Assessment Scoring System-Secondary (CLASS-S)

This 10-dimension observational instrument (Pianta et al., 2008) assesses
student-teacher interactions and is organized into three higher-level domains.
The emotional support domain comprises positive climate, negative climate
(in which a low score is desirable), teacher sensitivity, and regard for student
perspectives. The classroom organization domain comprises behavior man-
agement, productivity, and instructional learning formats. The instructional
support domain comprises content understanding, analysis and problem solv-
ing, instructional dialogue, and quality of feedback. Each dimension of the
CLASS-S is scored on a 7-point scale, with 1–2 representing low scores, 3–5
representing moderate scores, and 6–7 representing high scores. Current or
former teachers trained by MET researchers scored the videos. Working under
a ‘‘scoring leader,’’ each video coder participated in several practices, includ-
ing joint review sessions and the double scoring of videos, to ensure reliable
and valid coding (White & Rowan, 2014).

Teachers’ Value-Added Scores in Mathematics

Because teachers in the dataset came from different states, MET
researchers standardized test scores (mean of 0 and a standard deviation
of 1) for each district, subject, year, and grade level. The value-added model
predicts a student’s end-of-year score on the state mathematics assessment
accounting for that student’s test score in that subject from the prior year,
a set of student characteristics used as controls (which varied depending
on what was available by school district but typically included student
demographics, free or reduced-price lunch, English-language learner status,
and special education status), and the mean prior test score and mean stu-
dent characteristics in the specific course section or class that the student
attended (for more details, see Kane & Cantrell, 2010).

Data Analysis

Different approaches are available to model student responses to survey
items. One approach ignores existing theory and associated theoretically

Underlying Structure of the Tripod

1843



T
a
b
le

1

A
lt

e
rn

a
ti

v
e

F
a
c
to

r
S

tr
u

c
tu

re
s

W
it

h
It

e
m

A
s
s
ig

n
m

e
n

t
a
t

th
e

W
it

h
in

L
e
v
e
l

T
h
re

e
-F

ac
to

r
T
w

o
-F

ac
to

r
B
if
ac

to
r

Su
rv

e
y

It
e
m

T
ri
p
o
d

O
ri
g
in

al

In
st

ru
ct

io
n
al

Su
p
p
o
rt

E
m

o
ti
o
n
al

Su
p
p
o
rt

C
la

ss
ro

o
m

O
rg

an
iz

at
io

n
Su

p
p
o
rt

P
re

ss
G

e
n
e
ra

l
Sp

e
ci

fi
c

N
e
g
at

iv
e

M
y

te
ac

h
e
r

in
th

is
cl

as
s

m
ak

e
s

m
e

fe
e
l
th

at
s/

h
e

re
al

ly
ca

re
s

ab
o
u
t
m

e
.

C
ar

e

M
y

te
ac

h
e
r

se
e
m

s
to

k
n
o
w

if
so

m
e
th

in
g

is

b
o
th

e
ri
n
g

m
e
.

C
ar

e

M
y

te
ac

h
e
r

re
al

ly
tr
ie

s
to

u
n
d
e
rs

ta
n
d

h
o
w

st
u
d
e
n
ts

fe
e
l
ab

o
u
t
th

in
g
s.

C
ar

e

St
u
d
e
n
t
b
e
h
av

io
r
in

th
is

cl
as

s
is

u
n
d
e
r
co

n
tr
o
l.

C
o
n
tr
o
l

I
h
at

e
th

e
w

ay
th

at
st

u
d
e
n
ts

b
e
h
av

e
in

th
is

cl
as

s.

C
o
n
tr
o
l

St
u
d
e
n
t
b
e
h
av

io
r

in
th

is
cl

as
s

m
ak

e
s

th
e

te
ac

h
e
r

an
g
ry

.

C
o
n
tr
o
l

St
u
d
e
n
t
b
e
h
av

io
r

in
th

is
cl

as
s

is
a

p
ro

b
le

m
.

C
o
n
tr
o
l

M
y

cl
as

sm
at

e
s

b
e
h
av

e
th

e
w

ay
m

y
te

ac
h
e
r

w
an

ts
th

e
m

to
.

C
o
n
tr
o
l

St
u
d
e
n
ts

in
th

is
cl

as
s

tr
e
at

th
e

te
ac

h
e
r

w
it
h

re
sp

e
ct

.

C
o
n
tr
o
l

O
u
r

cl
as

s
st

ay
s

b
u
sy

an
d

d
o
e
s

n
o
t
w

as
te

ti
m

e
.

C
o
n
tr
o
l

If
y
o
u

d
o
n
’t

u
n
d
e
rs

ta
n
d

so
m

e
th

in
g
,
m

y

te
ac

h
e
r

e
x
p
la

in
s

it
an

o
th

e
r

w
ay

.

C
la

ri
fy

M
y

te
ac

h
e
r
k
n
o
w

s
w

h
e
n

th
e

cl
as

s
u
n
d
e
rs

ta
n
d
s

an
d

w
h
e
n

w
e

d
o

n
o
t.

C
la

ri
fy

W
h
e
n

s/
h
e

is
te

ac
h
in

g
u
s,

m
y

te
ac

h
e
r

th
in

k
s

w
e

u
n
d
e
rs

ta
n
d

e
v
e
n

w
h
e
n

w
e

d
o
n
’t
.

C
la

ri
fy

M
y

te
ac

h
e
r

h
as

se
v
e
ra

l
g
o
o
d

w
ay

s
to

e
x
p
la

in

e
ac

h
to

p
ic

th
at

w
e

co
v
e
r

in
th

is
cl

as
s.

C
la

ri
fy

(c
o
n

ti
n

u
ed

)

1844



T
a
b
le

1
(c

o
n

ti
n

u
e
d

)

T
h
re

e
-F

ac
to

r
T
w

o
-F

ac
to

r
B
if
ac

to
r

Su
rv

e
y

It
e
m

T
ri
p
o
d

O
ri
g
in

al

In
st

ru
ct

io
n
al

Su
p
p
o
rt

E
m

o
ti
o
n
al

Su
p
p
o
rt

C
la

ss
ro

o
m

O
rg

an
iz

at
io

n
Su

p
p
o
rt

P
re

ss
G

e
n
e
ra

l
Sp

e
ci

fi
c

N
e
g
at

iv
e

M
y

te
ac

h
e
r

e
x
p
la

in
s

d
if
fi
cu

lt
th

in
g
s

cl
e
ar

ly
.

C
la

ri
fy

M
y

te
ac

h
e
r

as
k
s

q
u
e
st

io
n
s

to
b
e

su
re

w
e

ar
e

fo
ll
o
w

in
g

al
o
n
g

w
h
e
n

s/
h
e

is
te

ac
h
in

g
.

C
h
al

le
n
g
e

M
y

te
ac

h
e
r

as
k
s

st
u
d
e
n
ts

to
e
x
p
la

in
m

o
re

ab
o
u
t
an

sw
e
rs

th
e
y

g
iv

e
.

C
h
al

le
n
g
e

In
th

is
cl

as
s,

m
y

te
ac

h
e
r

ac
ce

p
ts

n
o
th

in
g

le
ss

th
an

o
u
r

fu
ll

e
ff
o
rt
.

C
h
al

le
n
g
e

M
y

te
ac

h
e
r

d
o
e
sn

’t
le

t
p
e
o
p
le

g
iv

e
u
p

w
h
e
n

th
e

w
o
rk

g
e
ts

h
ar

d
.

C
h
al

le
n
g
e

M
y

te
ac

h
e
r
w

an
ts

u
s

to
u
se

o
u
r
th

in
k
in

g
sk

il
ls

,

n
o
t
ju

st
m

e
m

o
ri
ze

th
in

g
s.

C
h
al

le
n
g
e

M
y

te
ac

h
e
r

w
an

ts
m

e
to

e
x
p
la

in
m

y

an
sw

e
rs

—
w

h
y

I
th

in
k

w
h
at

I
th

in
k
.

C
h
al

le
n
g
e

In
th

is
cl

as
s,

w
e

le
ar

n
a

lo
t
al

m
o
st

e
v
e
ry

d
ay

.
C
h
al

le
n
g
e

In
th

is
cl

as
s,

w
e

le
ar

n
to

co
rr

e
ct

o
u
r

m
is

ta
k
e
s.

C
h
al

le
n
g
e

T
h
is

cl
as

s
d
o
e
s

n
o
t
k
e
e
p

m
y

at
te

n
ti
o
n
—

I
g
e
t

b
o
re

d
.

C
ap

ti
v
at

e

M
y

te
ac

h
e
r

m
ak

e
s

le
ar

n
in

g
e
n
jo

y
ab

le
.

C
ap

ti
v
at

e

M
y

te
ac

h
e
r

m
ak

e
s

le
ss

o
n
s

in
te

re
st

in
g
.

C
ap

ti
v
at

e

I
li
k
e

th
e

w
ay

s
w

e
le

ar
n

in
th

is
cl

as
s.

C
ap

ti
v
at

e

M
y

te
ac

h
e
r

w
an

ts
u
s

to
sh

ar
e

o
u
r

th
o
u
g
h
ts

.
C
o
n
fe

r

St
u
d
e
n
ts

g
e
t
to

d
e
ci

d
e

h
o
w

ac
ti
v
it
ie

s
ar

e
d
o
n
e

in
th

is
cl

as
s.

C
o
n
fe

r

(c
o
n

ti
n

u
ed

)

1845



T
a
b
le

1
(c

o
n

ti
n

u
e
d

)

T
h
re

e
-F

ac
to

r
T
w

o
-F

ac
to

r
B
if
ac

to
r

Su
rv

e
y

It
e
m

T
ri
p
o
d

O
ri
g
in

al

In
st

ru
ct

io
n
al

Su
p
p
o
rt

E
m

o
ti
o
n
al

Su
p
p
o
rt

C
la

ss
ro

o
m

O
rg

an
iz

at
io

n
Su

p
p
o
rt

P
re

ss
G

e
n
e
ra

l
Sp

e
ci

fi
c

N
e
g
at

iv
e

M
y

te
ac

h
e
r
g
iv

e
s

u
s

ti
m

e
to

e
x
p
la

in
o
u
r
id

e
as

.
C
o
n
fe

r

St
u
d
e
n
ts

sp
e
ak

u
p

an
d

sh
ar

e
th

e
ir

id
e
as

ab
o
u
t

cl
as

sw
o
rk

.

C
o
n
fe

r

M
y

te
ac

h
e
r
re

sp
e
ct

s
m

y
id

e
as

an
d

su
g
g
e
st

io
n
s.

C
o
n
fe

r

M
y

te
ac

h
e
r

ta
k
e
s

th
e

ti
m

e
to

su
m

m
ar

iz
e

w
h
at

w
e

le
ar

n
e
ac

h
d
ay

.

C
o
n
so

li
d
at

e

M
y

te
ac

h
e
r

ch
e
ck

s
to

m
ak

e
su

re
w

e

u
n
d
e
rs

ta
n
d

w
h
at

s/
h
e

is
te

ac
h
in

g
u
s.

C
o
n
so

li
d
at

e

W
e

g
e
t
h
e
lp

fu
l
co

m
m

e
n
ts

to
le

t
u
s

k
n
o
w

w
h
at

w
e

d
id

w
ro

n
g

o
n

as
si

g
n
m

e
n
ts

.

C
o
n
so

li
d
at

e

T
h
e

co
m

m
e
n
ts

th
at

I
g
e
t
o
n

m
y

w
o
rk

in
th

is

cl
as

s
h
e
lp

m
e

u
n
d
e
rs

ta
n
d

h
o
w

to
im

p
ro

v
e
.

C
o
n
so

li
d
at

e

1846



proposed dimensions and summarizes the responses in a way that yields the
best correlation with value-added scores or in a way that summarizes the
observed variation (e.g., through averages or principal components). This
data-driven approach prioritizes statistical associations as opposed to
advancing theoretical explanation or supporting causal inference. If the
goal is to predict the most variation in the value-added scores, then this
approach is often reasonable.

An alternative approach is to try to understand the underlying factor
structure that drives students’ responses. Here the starting point is existing
theory, and the statistical modeling of students’ responses focuses on assess-
ing theories using the data. In this approach, understanding the underlying
core causal forces that drive student responses to survey items is the central
priority. If the goal is to understand the factor structure and advance theory,
then predictive value is important but is not the determining criterion for
which model is better.

In this study, we take the latter approach. We investigate whether ado-
lescents’ responses to perception survey items support theoretically pro-
posed models of teaching through multilevel item factor analyses within
a structural equation modeling framework. We first examined the extent to
which empirical evidence supported the multidimensional structures of
effective teaching proposed in the literature. Fundamentally, we were inter-
ested in understanding what the Tripod items might be measuring in order to
appreciate the extent to which student surveys might be useful not only in
evaluating teaching but also in helping to improve teaching.

Within this context, our analyses considered five alternative factor struc-
tures. The first model we considered was a unidimensional structure in
which each Tripod item loaded onto a single general latent factor. The sec-
ond model was a two-dimensional structure with factors representing press
and support. The third model was a three-dimensional structure with dimen-
sions corresponding to classroom organization, instructional support, and
emotional support. The fourth model was a seven-dimensional structure
comprising the dimensions of care, confer, captivate, clarify, consolidate,
challenge, and control. The final model was a type of multilevel double
structure bifactor model (e.g., Rijmen, 2013) consisting of a general respon-
sivity dimension driving all items with a secondary or specific dimension for
classroom management–specific items. See Table 1 for item assignment in
each model.

Our consideration of a fifth alternative factor structure (i.e., the bifactor)
was motivated by the insufficient fit of each of the structures found in the
literature to the current data. As we shall see, assessments of the first four
structures persistently resulted in factors that were highly correlated and in
the presence of a distinct and prominent classroom management factor.
On the basis of these results, we reviewed existing theory and previous
empirical investigations and identified an alternative bifactor-like structure
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that considers a general factor that informs student responses to all items
along with a classroom management factor that additionally contributes to
student responses on classroom management items.

Bifactor models have been rediscovered as a viable alternative structural
representation of multiple types of higher order and multidimensional factor
structures (Reise, 2012). Our implementation adopts a type of extended or
double-structure bifactor model that extends the conventional bifactor
model by drawing on a general factor and two types of secondary factors—a
secondary factor governing classroom management items and a secondary
factor tracking response style for negatively worded items (e.g., Cai, Yang,
& Hansen, 2011; Gibbons & Hedeker, 1992; Rijmen, 2013). Although the
classroom management factor constitutes a substantively meaningful con-
struct, we introduced the negatively worded items nuisance factor, which
we refer to as a ‘‘testlet’’ factor, across all of the aforementioned factor
structures to accommodate the increased dependence among these items.1

Such dependence does not generalize across contexts and thus is not of
direct interest. However, ignoring these effects can lead to violations of
the local item independence assumption (Sliter & Zickar, 2014). In this
way, our proposed model imposes a type of double structure bifactor
organization.

To empirically examine the fit of each factor structure to the data, we
drew on multilevel (two-tier) item factor models (e.g., Cai, 2010).
Inspection of the intraclass correlation coefficients suggested substantial
classroom-level variance in the item responses (see Table 2).2 We used a mul-
tilevel graded response model formulation, such that

P Y f
isc5k

� �
5P Y f

isc � k
� �

� P Y f
isc � k11

� �
P Y f

isc5k
� �

5
1

11exp � af
c

i ufc1a
fS

i ufsc � dk�1
i

h i� �� 1

11exp � af
c

i ufc1a
fS

i ufsc � dki
h i� � ð1Þ

Here, Y
f
isc is the rating given by student s in classroom c on Tripod item i

belonging to factor f, and a
f c

i and a
f S

i represent the classroom and stu-
dent-level loading parameters for item i on factor f with uf

c as the class-
room-level factor and uf

sc as the student-level factor. Let K represent the
number of categories on which items are graded (seven), with k as a specific
category, and let d1

i , . . . , dk�1
i be a set of K – 1 ordered item thresholds. To

identify the scale, the distribution of each factor was set to be normally dis-
tributed with a mean of 0 and variance of 1.

Analogous to conventional multilevel regression, our multilevel factor
analyses split students’ observed judgments into two complementary com-
ponents. The first component consisted of classroom-level factors (uf

c) that
describe students’ collective judgments of effective teaching in their
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classrooms. The second analytic component contained student-level factors
(uf

sc) that captured student-specific deviations within classrooms. That is,
these student-specific deviations describe how an individual student’s judg-
ments differ from the collective judgments of his or her classroom peers.
Similar to scores based on value-added models and classroom observations,
the focus of our study rests on the classroom-level factors that differentiate
teachers in terms of their persistent effectiveness across all students rather
than the residual discrepancies among students within classrooms.

For each model that included multiple dimensions at each level, we
specified multidimensional versions of Equation 1 to capture the implied stu-
dent and classroom structure. In these models, we specified uf ;MVN ð0;SÞ
with S as covariance matrix and freely estimated the covariances among the
dimensions within a level. For the bifactor-like model, the general teaching
quality dimension was set to be orthogonal to the classroom management–
specific dimension. This specification captured the unique influence of
teachers’ classroom management–specific practice (i.e., variance over and
above the general responsivity factor). Similarly, in each instance, we
designed the negatively worded testlet factor to be orthogonal to all remain-
ing factors implied by a given structure.

To assess the relative or predictive fit among the models, we drew on
full-information maximum marginal likelihood estimation (e.g., Cai, 2010).
Using the resulting log-likelihoods, we compared the models through two
information criteria: Akaike information criterion (AIC) and Bayesian infor-
mation criterion (BIC). These predictive fit criteria assess the extent to which
the observed model fit might replicate in future equivalent samples and are
population based rather than sample based (Kline, 2010).

To supplement the relative comparisons among models, we further
assessed their fit through multiple absolute, incremental, and relative fit sta-
tistics. To assess the absolute and incremental fit, we drew on fit statistics
based on a limited information, mean- and variance-adjusted, weighted least
squares estimator (e.g., Maydeu-Olivares & Joe, 2005). Using this estimator,
we first assessed fit using the x2 test of model fit. The x2 test of model fit
assesses how close the observed values are to the values expected under
the fitted model. Second, we measured fit using the root mean square error
of approximation (RMSEA). RMSEA is a parsimony-adjusted absolute fit
index that estimates the amount of error of approximation per model degree
of freedom while taking sample size into account. To measure incremental
fit, we examined the comparative fit index (CFI). CFI assesses the relative
improvement in fit in a model compared with the null model with no item
associations.

Under the maximum likelihood estimator, we subsequently examined
predictive validity. A guiding principle in theories of effective teaching is
that instruments should measure quality as it relates to student achievement.
As a result, a primary benchmark for the validity of student ratings is their

Underlying Structure of the Tripod

1849



T
a
b
le

2

D
e
s
c
ri

p
ti

v
e

S
ta

ti
s
ti

c
s

fo
r

T
ri

p
o

d
S

tu
d

e
n

t
P

e
rc

e
p

ti
o

n
S

u
rv

e
y

It
e
m

s

It
e
m

N
u
m

b
e
r

It
e
m

T
e
x
t

M
SD

IC
C

1
M

y
te

ac
h
e
r

in
th

is
cl

as
s

m
ak

e
s

m
e

fe
e
l
th

at
s/

h
e

re
al

ly
ca

re
s

ab
o
u
t
m

e
.

3
.6

5
1
.2

5
.1

9

2
M

y
te

ac
h
e
r

re
sp

e
ct

s
m

y
id

e
as

an
d

su
g
g
e
st

io
n
s.

3
.7

1
1
.1

5
.1

4

3
If

y
o
u

d
o
n
’t

u
n
d
e
rs

ta
n
d

so
m

e
th

in
g
,
m

y
te

ac
h
e
r

e
x
p
la

in
s

it
an

o
th

e
r

w
ay

.
4
.0

4
1
.0

8
.1

5

4
St

u
d
e
n
t
b
e
h
av

io
r

in
th

is
cl

as
s

is
u
n
d
e
r

co
n
tr
o
l.

3
.3

6
1
.2

6
.2

0

5
I

h
at

e
th

e
w

ay
th

at
st

u
d
e
n
ts

b
e
h
av

e
in

th
is

cl
as

s.
a

2
.5

1
1
.3

4
.1

7

6
St

u
d
e
n
t
b
e
h
av

io
r

in
th

is
cl

as
s

m
ak

e
s

th
e

te
ac

h
e
r

an
g
ry

.a
3
.0

8
1
.3

3
.2

2

7
M

y
te

ac
h
e
r

as
k
s

q
u
e
st

io
n
s

to
b
e

su
re

w
e

ar
e

fo
ll
o
w

in
g

al
o
n
g

w
h
e
n

s/
h
e

is
te

ac
h
in

g
.

4
.3

9
0
.9

3
.1

1

8
M

y
te

ac
h
e
r

w
an

ts
u
s

to
sh

ar
e

o
u
r

th
o
u
g
h
ts

.
3
.6

9
1
.1

9
.1

6

9
M

y
te

ac
h
e
r

k
n
o
w

s
w

h
e
n

th
e

cl
as

s
u
n
d
e
rs

ta
n
d
s

an
d

w
h
e
n

w
e

d
o

n
o
t.

3
.8

3
1
.1

1
.1

2

1
0

M
y

te
ac

h
e
r

as
k
s

st
u
d
e
n
ts

to
e
x
p
la

in
m

o
re

ab
o
u
t
an

sw
e
rs

th
e
y

g
iv

e
.

4
.1

3
0
.9

7
.1

1

1
1

St
u
d
e
n
ts

g
e
t
to

d
e
ci

d
e

h
o
w

ac
ti
v
it
ie

s
ar

e
d
o
n
e

in
th

is
cl

as
s.

2
.3

1
1
.0

7
.1

5

1
2

W
h
e
n

s/
h
e

is
te

ac
h
in

g
u
s,

m
y

te
ac

h
e
r

th
in

k
s

w
e

u
n
d
e
rs

ta
n
d

e
v
e
n

w
h
e
n

w
e

d
o
n
’t
.a

2
.4

5
1
.2

3
.1

1

1
3

St
u
d
e
n
t
b
e
h
av

io
r

in
th

is
cl

as
s

is
a

p
ro

b
le

m
.a

2
.7

0
1
.2

9
.2

4

1
4

T
h
is

cl
as

s
d
o
e
s

n
o
t
k
e
e
p

m
y

at
te

n
ti
o
n
—

I
g
e
t
b
o
re

d
.a

2
.6

2
1
.3

5
.1

2

1
5

M
y

te
ac

h
e
r

ta
k
e
s

th
e

ti
m

e
to

su
m

m
ar

iz
e

w
h
at

w
e

le
ar

n
e
ac

h
d
ay

.
3
.5

0
1
.2

3
.1

4

1
6

M
y

te
ac

h
e
r

se
e
m

s
to

k
n
o
w

if
so

m
e
th

in
g

is
b
o
th

e
ri
n
g

m
e
.

3
.0

6
1
.3

2
.1

6

1
7

M
y

te
ac

h
e
r

ch
e
ck

s
to

m
ak

e
su

re
w

e
u
n
d
e
rs

ta
n
d

w
h
at

s/
h
e

is
te

ac
h
in

g
u
s.

4
.1

0
1
.0

5
.1

6

1
8

M
y

te
ac

h
e
r

g
iv

e
s

u
s

ti
m

e
to

e
x
p
la

in
o
u
r

id
e
as

.
3
.6

7
1
.1

3
.1

6

1
9

St
u
d
e
n
ts

sp
e
ak

u
p

an
d

sh
ar

e
th

e
ir

id
e
as

ab
o
u
t
cl

as
sw

o
rk

.
3
.5

5
1
.1

8
.1

2

2
0

M
y

te
ac

h
e
r

h
as

se
v
e
ra

l
g
o
o
d

w
ay

s
to

e
x
p
la

in
e
ac

h
to

p
ic

th
at

w
e

co
v
e
r

in
th

is
cl

as
s.

3
.9

2
1
.0

9
.1

8

2
1

In
th

is
cl

as
s,

m
y

te
ac

h
e
r

ac
ce

p
ts

n
o
th

in
g

le
ss

th
an

o
u
r

fu
ll

e
ff
o
rt
.

4
.0

2
1
.0

6
.1

1

2
2

M
y

te
ac

h
e
r

m
ak

e
s

le
ar

n
in

g
e
n
jo

y
ab

le
.

3
.4

9
1
.2

9
.2

6

2
3

M
y

te
ac

h
e
r

re
al

ly
tr
ie

s
to

u
n
d
e
rs

ta
n
d

h
o
w

st
u
d
e
n
ts

fe
e
l
ab

o
u
t
th

in
g
s.

3
.4

8
1
.2

2
.1

8

2
4

M
y

te
ac

h
e
r

d
o
e
sn

’t
le

t
p
e
o
p
le

g
iv

e
u
p

w
h
e
n

th
e

w
o
rk

g
e
ts

h
ar

d
.

4
.0

4
1
.0

9
.1

4

2
5

M
y

te
ac

h
e
r

m
ak

e
s

le
ss

o
n
s

in
te

re
st

in
g
.

3
.4

9
1
.2

6
.2

4

2
6

M
y

te
ac

h
e
r

w
an

ts
u
s

to
u
se

o
u
r

th
in

k
in

g
sk

il
ls

,
n
o
t
ju

st
m

e
m

o
ri
ze

th
in

g
s.

4
.1

0
1
.0

2
.0

9

(c
o
n

ti
n

u
ed

)

1850



T
a
b
le

2
(c

o
n

ti
n

u
e
d

)

It
e
m

N
u
m

b
e
r

It
e
m

T
e
x
t

M
SD

IC
C

2
7

M
y

cl
as

sm
at

e
s

b
e
h
av

e
th

e
w

ay
m

y
te

ac
h
e
r

w
an

ts
th

e
m

to
.

3
.1

0
1
.2

2
.2

5

2
8

St
u
d
e
n
ts

in
th

is
cl

as
s

tr
e
at

th
e

te
ac

h
e
r

w
it
h

re
sp

e
ct

.
3
.5

6
1
.1

7
.3

0

2
9

W
e

g
e
t
h
e
lp

fu
l
co

m
m

e
n
ts

to
le

t
u
s

k
n
o
w

w
h
at

w
e

d
id

w
ro

n
g

o
n

as
si

g
n
m

e
n
ts

.
3
.6

9
1
.1

9
.1

3

3
0

M
y

te
ac

h
e
r

w
an

ts
m

e
to

e
x
p
la

in
m

y
an

sw
e
rs

—
w

h
y

I
th

in
k

w
h
at

I
th

in
k
.

4
.0

7
1
.0

3
.1

1

3
1

O
u
r

cl
as

s
st

ay
s

b
u
sy

an
d

d
o
e
s

n
o
t
w

as
te

ti
m

e
.

3
.5

0
1
.1

7
.2

0

3
2

In
th

is
cl

as
s,

w
e

le
ar

n
a

lo
t
al

m
o
st

e
v
e
ry

d
ay

.
4
.0

0
1
.0

4
.1

5

3
3

M
y

te
ac

h
e
r

e
x
p
la

in
s

d
if
fi
cu

lt
th

in
g
s

cl
e
ar

ly
.

3
.8

6
1
.1

3
.1

7

3
4

T
h
e

co
m

m
e
n
ts

th
at

I
g
e
t
o
n

m
y

w
o
rk

in
th

is
cl

as
s

h
e
lp

m
e

u
n
d
e
rs

ta
n
d

h
o
w

to
im

p
ro

v
e
.

3
.7

0
1
.1

6
.1

3

3
5

I
li
k
e

th
e

w
ay

s
w

e
le

ar
n

in
th

is
cl

as
s.

3
.8

3
1
.0

3
.2

1

3
6

In
th

is
cl

as
s,

w
e

le
ar

n
to

co
rr

e
ct

o
u
r

m
is

ta
k
e
s.

4
.0

8
1
.0

2
.1

4

N
o
te

.
It
e
m

o
rd

e
r

m
at

ch
e
s

o
rd

e
r
in

ad
m

in
is

te
re

d
su

rv
e
y
.
W

e
re

p
o
rt

th
e

in
tr
ac

la
ss

co
rr

e
la

ti
o
n

co
e
ff
ic

ie
n
ts

(I
C
C
)

o
f
it
e
m

s
o
n
ly

as
a

h
e
u
ri
st

ic
in

d
i-

ca
to

r
o
f
th

e
m

u
lt
il
e
v
e
l
st

ru
ct

u
re

o
f
th

e
it
e
m

s.
Su

b
se

q
u
e
n
t
an

al
y
se

s
tr
e
at

th
e

it
e
m

s
as

ca
te

g
o
ri
ca

l
b
e
ca

u
se

th
e
y

w
e
re

ad
m

in
is

te
re

d
u
si

n
g

Li
k
e
rt
-

st
y
le

o
rd

in
al

re
sp

o
n
se

.
a R

e
v
e
rs

e
co

d
e
d
.

1851



efficacy in predicting student achievement. For this reason, we assessed the
correlation between Tripod and value-added scores in mathematics. To do
so, we further extended the aforementioned equations to incorporate struc-
tural components using the latent factors as predictors of the average student
achievement gains in each class:

Yc5p01
XF

f51

pfufc1ec ð2Þ

We continue with the preceding notation and introduce Yc as the value-
added score on state standardized achievement tests for classroom c, p0 as
the intercept, pf as the regression coefficients capturing the relation
between Tripod dimensions and value-added, and ec as the error term.

Results

The results are presented in two sections. In the first section, we report
the results of factor analyses. In the second section, we outline results
examining the validity of the factors by reporting associations of the
two classroom-level dimensions from the bifactor model with other data
sources—adolescent self-report of personal experiences in the classroom,
an observational assessment of effective teaching, and student learning.

Investigating the Dimensionality of the Ratings

Our analysis of the null model (that assumed no item associations) sug-
gested that the RMSEA for this null model was unusually low (\0.10). One
consequence of such a low RMSEA for the null model is that incremental
indices such as CFI/Tucker-Lewis Index (TLI) may not be particularly infor-
mative because even when a proposed model improves the RMSEA to levels
that are typically considered to provide evidence of reasonable fit (e.g., 0.05;
MacCallum, Browne, & Sugawara, 1996), such indices will often be practi-
cally limited to values less than common cutoff values (e.g., \0.95 for
CFI/TLI).3 As a result, we report the incremental fit index CFI but do not
incorporate these indices into further assessments of the models. All results
refer to the classroom-level unless otherwise noted.

Because the Tripod designers propose that the survey measures seven
conceptual dimensions of classroom instruction, we first report the results
pertaining to this structure. Despite probing multiple estimation and identi-
fication strategies, the seven-dimensional model did not reach a permissible
solution (see Table 3). An assessment of the correlations among dimensions
using simple classroom-level item averages for each dimension suggested
that correlations were high (see Table 4). These results suggested that the
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indicators were unable to distinguish among classrooms along seven sepa-
rate dimensions.

We next fit a three-factor model in which the three latent factors at the
student- and classroom-levels comprised survey items that were reflective of
the conceptual dimensions of instructional support, classroom organization,
and emotional support (see Table 1 for the assignment of items into each of
these domains). With the exception of the RMSEA, fit indices suggested that

Table 3

Comparison of One-, Two-, and Three-Dimension Measurement Models

Model x2 df RMSEA CFIa SRMR (W/B)b Log-Likelihood AIC BIC

Null 201126 1260 .10 — .35/.71

1D 103480 1188 .07 .49 .06/.12 –719067 1438576 1440289

2D 75329 1181 .06 .63 .05/.10 Did not converge

3D 68720 1177 .06 .66 .05/.10 –729527c 1459508c 1461267c

7D Did not converge Did not converge

Bifactor 31490 1169 .04 .85 .03/.06 –712138 1424746 1426567

Note. RMSEA = root mean square error of approximation; CFI = comparative fit index;
SRMR = standardized root mean square residual; W/B = within/between; AIC = Akaike
information criterion; BIC = Bayesian information criterion. x2, RMSEA, CFI, and TLI are
based on the weighted least squares estimator adjusted for means, variance, and cluster-
ing; log-likelihood, AIC, and BIC are based on the maximum likelihood estimator.
Information criteria are based on 30, 31, and 33 degrees of freedom for the one-, two-,
and three-dimensional models, respectively.
aThis criterion is not particularly informative because the null model RMSEA was so low.
bIndices presented as within/between.
cModel converged but to an unstable solution, suggesting the solution may not be unique,
likely caused by the model being overly parametric (i.e., too many factors).

Table 4

Correlations Among Seven Factors Using Simple Item Averages

Dimension

Care Confer Captivate Clarify Consolidate Challenge Control

Instructional

Care 1

Confer .83 1

Captivate .85 .82 1

Clarify .82 .78 .84 1

Consolidate .85 .84 .84 .88 1

Challenge .78 .79 .80 .84 .85 1

Control .42 .50 .54 .44 .45 .59 1

Underlying Structure of the Tripod
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the fit of the three-dimensional model was marginal. Furthermore, assess-
ment of the associations among latent factors indicated high correlations.
The classroom organization factor was strongly associated with the instruc-
tional support factor (r = .79, p \ .05) and the emotional support factor
(r = .77, p\ .05). The emotional support factor and the instructional support
factor were even more strongly associated (r = .97, p \ .05). These results
suggested that a more parsimonious structure might better suit the observed
data.

Given that the seven- and three-factor models have very high correla-
tions between the latent factors, we estimated more parsimonious structures
using a two-factor model representing academic press and support and the
baseline, one-factor model (see Table 1 for the specific items assigned to
each of these factors). Despite the reduction in the number of factors, the
correlation between the two factors was exceptionally high (r = .86, p \
.05). Results concerning fit for the one- and two-dimensional models also
showed worse absolute, incremental, and relative fit as compared to the
three-dimensional model.

Finally, we assessed the proposed bifactor model. Fit indices largely fell
within acceptable ranges, and comparative assessments of relative fit indices
demonstrated substantial improvements over the previous models (Table 3).
With evidence supporting the plausibility of the proposed bifactor structure,
we also evaluated the strength with which the Tripod items reflected each of
the latent dimensions, using the loading parameters (as shown in Table 5).
Loading parameters conceptually capture the strength of the correlation
between responses on a particular item and underlying dimensions and,
thus, describe how well an item can differentiate among classrooms in terms
of their underlying quality. The results suggested that items were apprecia-
bly and significantly correlated with the underlying dimension(s).
Collectively, the resulting estimates of the loading parameters indicated
that most items were able to differentiate fairly well among different latent
levels on each dimension.

General Responsivity and Classroom Management–Specific Associations

With Adolescent Self-report of Personal Experiences in the Classroom

At the classroom level, adolescents’ self-reports of the positivity of the
classroom climate were strongly associated with the general responsivity fac-
tor. For example, ‘‘this class is a happy place for me to be’’ (.82), ‘‘for a new
student, this class would be a good one to join’’ (.72), ‘‘being in this class
makes me angry’’ (–.67), and ‘‘I feel stressed in this class’’ (–.61).
Adolescents’ self-reports of effort were weakly to moderately correlated
with the general responsivity factor: for example, ‘‘I take it easy and do
not try my best’’ (–.14), and ‘‘I stop trying when the work gets hard’’ (–
.32). Across all items, self-reports of personal experiences in the classroom
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were weakly correlated (.00–.31) with the classroom management–specific
factor.

General Responsivity and Classroom Management–Specific Associations

With Adult Assessments of Effective Teaching

A second set of correlational analyses were carried out to assess how the
general responsivity and classroom management–specific factors related to
the three domains (instructional support, emotional support, and classroom
organization) of the CLASS-S (Pianta et al., 2008), an adult-scored observa-
tional measure of teachers’ instruction based largely upon student-teacher
interactions as the source material for effectiveness. Due to missing data,
this correlational analysis could be conducted on slightly more than half
of all classrooms in our initial sample. The classroom management–specific
factor had the strongest relative association to the classroom organization
domain of the CLASS-S (.19) but not to CLASS-S emotional support domain.
In contrast, the general responsivity factor was unrelated to the classroom
organization domain but had the strongest relative association with the
emotional support domain of the observational instrument (.20). The
general responsivity factor was weakly correlated with CLASS-S instructional
support domain (.14), and the classroom management–specific factor was
unrelated (–.01).

General Responsivity and Classroom Management–Specific Associations

With Student Learning

Finally, we examined the predictive validity of the bifactor solution. The
results, reported at the classroom level (i.e., standardized at the classroom
level), suggested that both the general responsivity factor and classroom
management–specific factor were positively and significantly associated
with teachers’ value-added measures based on the state mathematics test
(standardized coefficients were .25 and .25, respectively). More specifically,
a 1 standard deviation increase in either dimension was associated with
a one-quarter standard deviation increase in teachers’ value-added scores.
Because these bifactor dimensions were orthogonal by design, a 1 standard
deviation increase in both dimensions would be associated with an overall
.50 standard deviation increase in teachers’ value-added scores.
Importantly, the correlation between teacher value-added and the classroom
management–specific factor suggests that this factor is not a method effect
due to differential wording of items.

Discussion

Adolescent students are unique reporters of classroom interactions.
Without observing a teacher’s instructional practice through the lens of an
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adult-developed theory of effective teaching, adolescents likely draw on
their indigenous expertise of what makes them feel safe, respected, and
competent. In other words, adult raters using observational instruments
are trained (i.e., given descriptive or example anchors for the different scor-
ing levels) in order to calibrate the assessment of effectiveness in relation to
a particular theory of effective teaching. Adolescent raters using perception
surveys, like the Tripod, however, are not subjected to a training process by
which such explicit anchors are shared with raters in a systematic way.

Initial classroom-level analyses of Tripod data from the MET database
indicated that student perceptions of a given teacher’s strengths and weak-
nesses are fairly consistent across the different classrooms of students they
teach (classroom-to-classroom correlations ranged from .58 to .68, depend-
ing on the dimension) and that aggregate student responses on a subset of
Tripod items from one class section are significantly associated with student
achievement gains in other class sections taught by the same teacher (r =.219
different section, r = .235 previous year; Kane & Cantrell, 2010). While these
results are intriguing because of the sheer volume of classrooms from which
the data were drawn, these studies did not explore the theory of teaching
implied by the items comprising the Tripod instrument. We posit that the
high correlations among the theoretical factors found in the literature on
the Tripod measure (e.g., ranging from .65 to .95 in Raudenbush & Jean,
2014) and in our analyses as well as our evidence concerning the relative
and absolute fit of the proposed factor structures suggest that those theoret-
ical factors previously posed in the literature are largely implausible in the
current sample and are fundamentally incomplete. That is, the theories
found in the literature appear to be ill-defined and offer little basis for under-
standing how student surveys and theories of effective teaching intersect to
inform teaching, teacher development, and assessments of teaching.

It is unclear whether the original 7Cs that describe the Tripod instrument
were intended to capture seven distinct dimensions on which students can
reliably discriminate among teachers or whether the 7Cs were merely
intended to be more heuristic domains that map out important aspects of
teaching. The initial investigations, both published and unpublished, of
the Tripod have made important contributions, yet they are incomplete in
many ways (e.g., Raudenbush & Jean, 2014; Schweig, 2014). Our study
extends these investigations through a complementary but different perspec-
tive that endeavors to delineate the specific theoretical nature of the con-
structs being measured so as to inform teacher development and the
appropriate use of student perception surveys.

Our results replicated the previous findings that student perceptions of
teacher behavior and the learning environment measured in the Tripod track
classroom features that relate to teachers’ value-added scores. That said,
what specific construct the general responsivity factor instantiates remains
somewhat vague and indefinite. We produced preliminary evidence that
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the social and emotional experiences of students in a class section may be
particularly salient source material influencing student endorsements when
completing the Tripod survey. Evidence for this claim includes the moderate,
but relatively strongest, association of the general responsivity factor with
the emotional support domain of the CLASS-S as well as the strong associa-
tion of the general responsivity factor with adolescents’ self-reports of the
positivity of the classroom climate.

On the basis of evidence generated across studies of the Tripod, includ-
ing the one reported here, it seems reasonable to suggest that adolescents’
interpretations of a teacher’s enactment of particular classroom management
actions contribute additional and unique information about the quality of
a classroom experience above and beyond general responsivity. We contrib-
ute further evidence for this claim given that in this study, the classroom
management–specific factor was moderately associated with the classroom
organization domain of the CLASS-S but unrelated to the emotional support
domain of the CLASS-S.

The level of cooperation among students and their teacher may provide
student information on teacher effectiveness in the most unequivocal man-
ner (Gregory & Ripski, 2008). For example, teachers can proactively support
students’ autonomous completion of tasks or seek compliance through con-
trolling feedback (Wallace, Sung, & Williams, 2014). The role of appraisals
and coping resources highlighted in a transactional model of teacher stress
(e.g., McCarthy et al., 2014) may explain teachers’ differential responses to
specific events in classrooms. In turn, adolescents may well be sensitive to
the resulting variation in cooperative interactions on the basis of the con-
crete particulars of the enactment of classroom management. For example,
a student texting during the teacher’s launching of a task may be experi-
enced by a teacher as either (a) an energizing challenge to regain the stu-
dent’s attention or (b) a trigger for frustration and anger. This variability
may be captured by the Tripod instrument through items such as ‘‘Student
behavior in this class makes the teacher angry.’’ This item may instantiate
general teacher responsivity in terms of adolescents’ broad perceptions of
the teacher’s disposition toward students and expression of negative emo-
tions. This item may simultaneously instantiate adolescents’ specific percep-
tions of the teacher’s explicit public appraisals of student misbehavior as
either a productive challenge that requires adapting instructional strategies
or confirmatory evidence of deficit-based thinking about students. The crit-
ical role of such public appraisals to establishing and maintaining coopera-
tive interactions is well documented in the culturally responsive classroom
management literature (e.g., Weinstein, Tomlinson-Clarke, & Curran,
2004). Indeed, the work of culturally responsive teachers is a labor-intensive
process that requires dedication and reflection of teachers to develop and
refine such practices over time (Cholewa, Amatea, West-Olatunji, &
Wright, 2012).

Wallace et al.

1860



One unique feature of Tripod survey items comprising the classroom
management–specific factor, relative to the rest of the survey items, is the
extent to which they reference students rather than teachers. Indeed, four
of the seven survey items ask students to reflect on other students in their
classroom, not on the teacher. Particularly in adolescence, peer relationships
become more salient in the classroom (Martin & Dowson, 2009; Wentzel,
2005). Adolescents’ feelings of being connected to their classroom peers
are associated with positive behavioral and motivational outcomes, includ-
ing their self-efficacy (Ryan & Patrick, 2001), achievement motivation
(Nelson & DeBacker, 2008; Ruzek, Hafen, Allen, Gregory, Mikami &
Pianta, 2016), expectancies for success (Goodenow, 1993), engagement
(Furrer & Skinner, 2003; Shernoff, Ruzek, & Sinha, 2016), and school interest
(Wentzel, Battle, Russell, & Looney, 2010). To the extent that students
answer these survey items thinking only about their peers, then these items
may also reflect nuances in the peer context of the classroom and could
provide unique assessments of peer effects as related to classroom
management.

Without further research on the validity of the proposed bifactor model
and theory-based augmentations of it, using this particular student survey
measure as a basis for guiding teacher professional development efforts
is limited. This is most especially true for the general factor, which is an
amalgamation of all items on the survey instrument. If a teacher scores
low on the Tripod’s general responsivity factor, then what specific aspects
of her instructional practice should an instructional coach or mentor attend
to? Specificity is highly valuable in these professional development con-
texts because it provides guidance for improvement efforts. This is less
of a concern with the classroom management–specific factor, which has
specificity around the amount of respect students and teachers show
each other, the extent to which the class remains productively focused
on learning, and the degree to which peer behavior is perceived as psycho-
logically safe. Low scores in the classroom management–specific factor are
thus truly diagnostic and could likely be bolstered with focused efforts to
improve the tenor of classroom discourse and the nature of peer
interaction.

If surveys are to be used in efforts to evaluate and improve teachers’
instructional practice, then it is critical to gain an understanding of what
the surveys are, in fact, measuring about such practice. What unique infor-
mation do survey results add to the other instruments or measures of teach-
ing quality (e.g., value-added scores, observational protocols)? The results
from this study suggest that the Tripod may provide unique information
on classroom management. Interestingly, in prior research on the Tripod,
the Control subscale (typically measured as a simple average of the individ-
ual items) has been among the best predictors of other measures of instruc-
tional quality (Ferguson & Danielson, 2014; Kane & Cantrell, 2010), so it is

Underlying Structure of the Tripod

1861



perhaps not surprising that our results suggest that these items provide valu-
able information about teaching. Similarly interesting is the fact that this
information is provided by students, not adults, suggesting that students’
views of classroom management are an important indicator of a high-
functioning classroom.

While we have generated preliminary evidence for the plausibility of
a bifactor-like theory of effective teaching that builds on recent research
(e.g., Hamre et al., 2014; Lee 1992, 2001), a critical, but yet unknown, aspect
of students’ assessments of teacher quality gathered via surveys is whether
adolescent reports of teaching quality may (a) detect substantive differences
in teaching quality that have implications for our theories of effective teach-
ing or (b) be influenced by rater effects (e.g., extreme response styles) due
to the fact that adolescents are not trained to view and assess the classroom
in any particular manner so by default draw on their naturally occurring
interpretations to endorse items. Without an empirically based understand-
ing of whether or how either of these two factors influence student percep-
tion survey results, it remains unclear how such data should be appropriately
used in teacher evaluation and training efforts. Accordingly, the magnitude
of the theoretical and practical implications of large-scale investigations of
effective teaching necessitates thoughtful investigations of the construct val-
idity of the data produced for the purposes of teacher evaluation.

Conclusion

To use student surveys in teacher evaluation systems (such as those
being developed in the United States), policymakers and administrators
must understand, at a minimum, the degree to which the survey items func-
tion as indicators of distinct aspects of instruction believed to be impor-
tant—that is, we must amass evidence that indicators are linked to
experienced aspects of teaching that drive effective teaching. In addition
to exploring what Clausen (2002; as cited in Kunter & Baumert, 2006) calls
‘‘perspective-specific validities,’’ we must examine additional questions
such as whether student raters have the same interpretation of survey items
across different contexts (allowing for the comparison of teacher instruc-
tional quality across classrooms, schools, districts, or even states) and why
and how student characteristics influence interpretations of items. Only in
the past decade have researchers begun to assess such aspects of student rat-
ings of instruction (e.g., Fauth et al., 2014; Kunter, Tsai, Klusmann, Brunner,
Krauss, & Baumert, 2008; Wagner et al., 2013), a necessity if these measures
are to be used in high-stakes teacher evaluation systems. So while the gen-
eral consensus among researchers is that student surveys are useful evalua-
tion instruments—especially when used in combination with other
evaluation tools—questions remain about what these surveys capture about
teaching practice, and our results (e.g., the modest fit of several factorial
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structures we tested) suggest that this concern is particularly relevant to the
Tripod.

Despite these unresolved issues, U.S. states and school districts increas-
ingly rely upon student perception surveys in the mix of measures they use
to evaluate teachers’ instructional quality. In the United States, one of the
most popular student surveys is the Tripod student self-perception survey
(Ferguson, 2010), which was the focus of the present investigation. To our
knowledge, this study is the first to systematically investigate the multidi-
mensionality of the Tripod student perception survey using student-level
data from the MET database.

Notes
1We conducted all of our analyses with and without the negative testlet factor; results

were substantively the same in each instance, but fit was consistently better for models
that included a negative testlet factor. For the bifactor model, items included in the neg-
ative testlet were part of both the general and specific factor.

2We report the intraclass correlation coefficients of items only as a heuristic indicator
of the multilevel structure of the items. Subsequent analyses treat the items as categorical
because they were administered using Likert-style ordinal response.

3For instance, if we rewrite the expression for TLI as a function of the RMSEA, we
have
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where RMSEA5R5
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q
, x2 is the model based chi-square, d represents the degrees of

freedom, n is the sample size, null represents the null model, and my represents the pro-
posed model. If the RMSEA from the null model is Rnull = .10 (as is the case in our study)
and a proposed model reduces the RMSEA from a null of .10 to levels typically described
as very good, such as .05, the resulting TLI would be only (.102 – .052)/.102 = .75. In this
way, CFI/TLI are not particularly informative when the null RMSEA is low (e.g., \.15).
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