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A Reflection on Student Perceptions
of Teaching Quality from Three
Psychometric Perspectives: CCT, IRT
and GT
Hannah Bijlsma, Rikkert van der Lans, Tim Mainhard, and Perry den Brok
Abstract This chapter discusses student perceptions in terms of three psychometric
perspectives that dominate contemporary research on teaching quality, namely, Classical Test Theory (CTT), Item Response Theory (IRT) and Generalizability Theory
(GT). These perspectives function as being exemplars for the connection between
psychometric theories and the different perspectives on “what a perception is” as
well as on how and for what purposes student perceptions should be used. The main
message of the chapter is that the choice of a psychometric theory is not merely a
technical matter, but also has implications for how the nature of perceptions is conceptualized. After presenting and linking each psychometric theory, their strengths and
weaknesses in the context of student perceptions of teaching quality and issues on
practical implementations are discussed.
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1 Introduction
Student perceptions of teachers and their behaviours have become an important
way to capture what happens in class. Questionnaires that map student perceptions
of teaching quality are used, for example, to measure the effectiveness of educational interventions (Burniske & Meibaum, 2012; Kyriakides, 2005). In schools,
student perceptions are collected by teachers to obtain feedback for improvement
and professional development activities (Bijlsma et al., 2019).
Using student perceptions of teaching quality is a complex process. Typically,
perceptions are collected using a standardized questionnaire instrument. When a
student selects a response category of an item like “my teacher explains everything clearly to me”, however, many processes may affect the student’s answer. For
example, a student may deliberately give a higher rating for the item than their
real estimation of their teacher’s skill at explanation because (s)he wants to present
him/herself in a socially desirable way, or the student’s perception may be biased
by stereotypical impressions. Alternatively, the student might be honest and their
perception unbiased, but a misinterpretation of the item content, for example, a
different interpretation of what clarity means in this context, may still affect the item
response (Maulana & Helms-Lorenz, 2016).
Moreover, items can be formulated according to the level of behaviour at which
they are directed (to an individual student or the whole class), and in terms of the
level of perception (personal, class). In Chap. 7 by Göllner et al. in this volume, it is
referred to as differences in the referent and in the addressee of items. For example, the
aforementioned item can be worded as: “This teacher explains things clearly to us/the
class” (class perception, behaviour to class), “This teacher explains things clearly to
me” (class perception, behaviour to individual), “I find this teacher to explain things
clearly” (personal perception, behaviour to class) and “I find this teacher to explain
things clearly to me” (personal perception, behaviour to individual). While this may
seem trivial, it has consequences for the expected sources of variation in perceptions:
items asking about class perceptions or behaviours directed at the whole class are
more likely to evoke variation in shared sources of perceptions, while items asking
about behaviours directed at individuals or personal perceptions are more likely to
evoke variation in idiosyncratic sources of perceptions.
The question of what we actually measure, therefore, has no uniform answer.
By completing standardized questionnaires, students give responses to many items
and psychometric models are applied to combine the item ratings into an overall
student perception of teachers’ teaching (students’ responses are then combined to
a numerical value or score). This overall score—not the item ratings—is usually fed
back to teachers or is used for research purposes. This approach of combining and
integrating ratings into one overall perception score suggests that students cognitively
process observations of teaching behaviours similarly and in such a general and
integrated way. From this perspective, the psychometric models that connect and
integrate the item ratings attempt to reconstruct students’ mental representations of
the teachers’ teaching.
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This chapter discusses student perceptions in terms of three psychometric perspectives that dominate contemporary research on teaching quality, namely, Classical Test
Theory (CTT), Item Response Theory (IRT) and Generalizability Theory (GT). CTT
(part 2) is based on the assumption that there is one true score and a variance score
(error). The true score is then an average of all students’ ratings on certain items that
form a dimension or factor. In IRT (part 3), more emphasis is put on how many items
relate to each other and what dimensions can be distinguished in the instrument used
to collect student perceptions of teaching quality. The potential of GT (part 4) lies
in the fact that it tries to disentangle the variability in student ratings beyond a “true
score” and error, bringing in aspects such as personal characteristics and dyadic
relationships between people. The chapter discusses these psychometric perspectives separately, but there are also integrated approaches that can enable researchers
to estimate combinations of the models (Chalmers, 2012; Robitzsch et al., 2020).
The connection between the CTT, IRT and GT with latent variable models becomes
evident when it is realized that all specify a relationship between the teachers’ latent
ability level and the responses of students that were stimulated (or elicited) by the
items (e.g., Chalmers, 2012; de Boeck et al., 2011; Rizopoulos, 2006; Robitzsch
et al., 2020).
The main message of the chapter is that the choice of a psychometric model is not
merely a technical matter, but also has implications for how the nature of perceptions
is conceptualized. Finally, we acknowledge that the construct of teaching quality is
highly contested and consensus about its conceptualization or definition is minimal
(Cohen & Goldhaber, 2016). We do not present a definition of teaching quality in
this chapter. By leaving the definition completely open, we intend to maximize our
flexibility to discuss various possibilities offered by the three psychometric theories.
After presenting and linking each psychometric theory, we will discuss their strengths
and weaknesses in the context of student perceptions of teaching quality.

2 Classical Test Theory
2.1 The CTT Model
According to Classical Test Theory (CTT), student perceptions of teaching quality
reflect the teachers’ actual teaching quality plus random error variance (e.g., Brennan,
2001; Lord & Novick, 1968; Sijtsma, 2016; Spearman, 1905). The teachers’ actual
teaching quality is caught by the so-called “true score”, which is statistically defined
by the mean score over all item responses about that teacher. The error variance
consists of all random deviations from the teacher’s mean score (Novick, 1966).
Furthermore, the CTT model states that all items are equally associated with the
broader perceptual representation of the teachers’ teaching (i.e., items are supposed
to have similar factor loadings).
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Table 1 Possible example of feedback form results for one teacher teaching a class of 25 students
Item
My Teacher…
N class

Class mean

Class SD

… makes sure that others treat me with respect.

25

3.28

0.52

… makes clear what I need to learn for a test.

25

3.14

0.78

… explains everything clearly to me.

25

2.72

0.94

… uses clear examples.

25

2.82

0.93

… encourages me to cooperate with my classmates.

25

2.08

0.80

25

2.81

0.79

…

…
Total

Marsh (2007) noted that overall questionnaire outcomes may be uninformative
about specific teaching behaviours, and therefore recommends structuring questionnaires according to different factors. Factors cluster items that seem to have something in common based on the inter-item correlations. For example, the items, “My
teacher explains everything clearly to me” and “My teacher uses clear examples” (see
Table 1), are connected to the same factor, which clusters items related to the clarity
and structuredness of explanations (Maulana & Helms-Lorenz, 2016). Reporting
the class mean for items related to the clarity and structuredness of explanations is
considered more informative than just an overall mean for all items.
In educational contexts, the CTT model is usually extended by including multiple
nested levels of random error; for example, students are nested within teachers. The
key idea of CTT, however, remains, in that only the mean of a factor is informative
and variation around the mean is uninformative noise.
Paramount to the logic behind CTT is that item ratings related to the same teacher
should show minimal variability and that item ratings related to different teachers
should show large(r) variation. Hence, item ratings assigned by one student to the
same teacher are expected to vary minimally. The mean student questionnaire scores
from students within the same class are also expected to show minimal variability.
These expectations are routinely examined by estimates of internal consistency
(Cronbach, 1951) and intra-class correlations (ICCs; Lüdtke et al., 2009). Internal
consistency is sensitive for items showing large variation in ratings compared to the
other items’ ratings. The ICC provides an estimate of the variance in mean questionnaire scores from students in different classes as proportionate to the variance of all
ratings.
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2.2 An Example of CTT in Practice
Suppose that 25 students in a class respond to the item “My teacher explains everything clearly to me” by choosing one of the four answer options: 1 = “never”, 2 =
“seldom”, 3 = “occasionally” and 4 = “often” (Table 1). If CTT is applied strictly,
then the mean class perception (2.72) is the only reliable and, thus, the only informative parameter for the teacher to consider, and individual deviations are random
noise. This logic can easily be generalized to a broader set of items. For example, the
mean of the student questionnaire ratings can be computed and CTT can be applied
to these mean scores, which may then be argued to be the most reliable estimate of
the teacher’s actual teaching quality. In this example, according to CCT, 2.81 reflects
the teacher’s teaching quality based on these five items.

2.3 Advantages and Limitations of the CTT Approach
The CTT approach, and Marsh’s (1987, 2007) work in particular, are well-known
and studied in the educational sciences. Estimates of internal consistency and ICCs
have proven to be stable across different questionnaires (cf. Marsh, 2007; van der
Lans & Maulana, 2018). These statistics are also intuitively understandable for many
practitioners and the application of CTT requires only a modest level of mathematical
and statistical skill, which is not unimportant.
However, the use of CTT reflects high trust in the students as being honest and
accurate perceivers. To illustrate this, suppose that students deliberately manipulate
their ratings upwards because they like the teacher; then clearly such systematic
bias or manipulation remains undetected by measures such as internal consistency
and ICC, which quantify random error variance only (den Brok & Smart, 2007).
In general, CTT provides very limited means to empirically investigate systematic
biases in perceptions. Second, diagnosing poor item quality by the comparatively
large variance in ratings, as is done by internal consistency measures, is only valid if
one believes that ratings of all items must be biased by the same amount of (random)
error. Suppose again that students deliberately manipulate their ratings upwards
because they like the teacher; then their manipulation might well be expressed most
in items referring to specific teacher traits that are likable (such as “humour”, or
“showing respect”). More in general, CTT fails to make (differentiated) predictions
about the response process; for example, when students check a response category,
it remains unsolved what latent cognitive representation of the teacher’s teaching
students had in mind.
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3 Item Response Theory
3.1 Item Response Theory (IRT) Model(s)
According to IRT, student perceptions of teaching are ordered on a latent continuum
(Bond & Fox, 2007; Embretson & Reise, 2013). With IRT, researchers estimate the
teacher’s position on this latent continuum and this position is then used to predict the
most likely teacher behaviour that students will have experienced from this teacher.
There are two levels at which IRT can be used to make predictions about what teacher
behaviours students likely will have experienced: (1) the level of the item and (2) the
level of the construct (Bond & Fox, 2007; Embretson & Reise, 2013). At the level
of the item, IRT uses the response categories to make predictions about whether
students experienced that particular behaviour seldom, occasionally or often. At the
level of the construct, IRT makes predictions about how items jointly represent the
teachers’ teaching.
We will explain this by using one of the five items from Table 1 (“My teacher
explains everything clearly to me” [explains clearly]). In Fig. 1, the y-axis indicates the probability of checking the higher response category out of two competing
response categories and the x-axis indicates the level of teaching quality (θ). Teachers
with a level of teaching quality located at the position of the arrow have a high probability of receiving a response “≥ seldom” on explains everything clearly to me, but a
low probability of receiving a response “occasionally”. The probability that students
check the higher response category increases only when the teacher—according
to the responding student—has achieved the conditions set by the higher response
category for the item.
The item response process can be used to predict the most likely frequency with
which the behaviour is observed (or the most likely impact, if the item labels are insufficient, sufficient, excellent). This item response process is part of a wider process
here referred to as the construct response process. The construct response process
predicts how students weigh and position items relative to other items. In IRT, one

Fig. 1 Visualization of the item and construct response process
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Fig. 2 The Guttman
scale/simplex construct
response (pattern obtained
from: Mokken et al., 2001)

21
Guttman scale or simplex

Item

1

2

3

4

5

Student A
Student B
Student C
Student D
Student E
Student F

well-known construct response process is the Guttman scale or simplex1 (Guttman,
1954; Jöreskog, 1978). In the simplex, item positions depend on their “difficulty”.
Some items are much more likely to receive the rating “never” (called “difficult”
items), while other items are much more likely to be rated as “often” (the “easy”
items). Figure 2 visualizes this pattern using five items. In Fig. 2, the checkmarks
indicate a high probability that students perceive the teacher to perform the behaviour
described by the item often. Hence, student D is predicted to perceive the teacher
as performing the first four behaviours often, but not the fifth. Item 1 would be a
“difficult” item, and 5 would be an “easy” item.
To order items, IRT models include a location parameter (sometimes referred to
as item difficulty). The location parameter predicts when the item response process
changes within the wider construct response process. For example, the response
process for item four is predicted to change if the first three items have received
high ratings. Other item parameters that can be estimated by IRT models are the
discrimination parameter (to predict and correct for systematic deviations from the
predicted item response process), and a guessing parameter (to predict and correct
for randomness in the item response process). In what follows, we will present an
example of research applying IRT to student perceptions to illustrate the above.

3.2 IRT in Research on Student Perceptions
Van de Grift and Kyriakides started independently implementing IRT in the context of
teaching quality with student perception data (for details, see Antoniou & Kyriakides,
2013; Kyriakides et al., 2018; Maulana et al., 2015; van de Grift et al., 2011, 2014;
van der Lans et al., 2015). Their models hypothesize that teaching effectiveness
develops along a latent continuum in which learning to teach starts with learning
less complex teaching behaviours (e.g., ensuring a safe classroom climate) and ends
1

There are two other main classes of construct response processes, namely the Coombs/unfolding
and the circumplex (Browne, 1992; de Leeuw & Mair, 2011; Mokken et al., 2001). It goes beyond
the scope of this chapter to define and describe these as well. Hence, we focus here on the Guttman
scale/simplex construct response.
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with learning more complex teaching behaviours (e.g., having students cooperate
with classmates). Hence, students’ ratings given on questionnaires that list various
teaching behaviours should indicate that they perceive some more complex teaching
behaviours to be performed successfully less frequently, whereas they perceive other
less complex teaching behaviours to be performed successfully more often (by more
teachers). These researchers have applied Rasch-family models2 —a specific type
of IRT model—to test sequences of item complexity and to locate teachers on the
latent continuum. After they have located the teacher, they provide the teacher with
feedback by indicating the next steps for improvement (i.e., the items located just
beyond the teacher’s position). In other recent research, IRT has been used to examine
issues of validity of student perception data (e.g., Bijlsma et al., submitted; van der
Scheer et al., 2018).

3.3 Advantages and Limitations of IRT Models
The comprehensive framework of IRT provides various possibilities for testing
hypotheses concerning students’ response processes at the level of the item and
at the level of the construct. Thereby, IRT is promising as a way to develop and test
theories that predict how different formulations of survey items and/or formulations
of response categories translate into distinct item response and construct response
processes. Substantive theories can also be translated into item and construct response
processes, as in the example described in the previous section.
However, the disadvantage of IRT is that it basically assumes that the item response
process is unbiased. Take the research we discussed by van de Grift et al. (2014). They
predicted that student ratings will follow sequences predicted by theory on teacher
development, but this prediction assumes that student ratings are a direct (unbiased)
numerical representation of the teacher’s actual behaviour. IRT can include a discrimination parameter to correct for systematic biases, but this discrimination parameter
corrects the item response process for all biases and generally is uninformative about
the potential sources of bias. Various biases will impact the students’ item responses,
such as social desirability and stereotypical views (Kenny, 1994). As we will detail
next, generalizability theory provides a framework for examining such influences on
item ratings.

2

Rasch-family models are applied to test the theoretical models, because Rasch model fit tests
were developed to empirically examine hierarchical orderings in item ratings (Bond & Fox, 2007).
Hence, if student perceptions are unbiased, then their responses could be used to locate the teacher
on this latent novice–expert continuum.
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4 Generalizability Theory
Generalizability Theory (GT) extends Classical Test Theory (CTT) by introducing
the possibility of including systematic variance components (or facets) other than
error and a teacher’s “true score” (Brennan, 2001). The basic idea is that what is
called error in CTT can be further sub-divided into systematic facets or sources
of variability (Malloy, 2018) that potentially affect student perceptions of teaching
quality. When such variance components are considered nuisance parameters, GT
conceptually coincides with CTT, as it is viewed by Marsh (2007), for example.
Traditionally, in the educational context, GT has been used to determine the number
of tasks or raters that yield reliable test results (Shavelson & Webb, 2005). As such,
the amount of error that tasks introduce or the degree of consensus between raters
is typically GT’s main focus. Yet, the strength of GT is that it can also be used to
embrace and study ‘error’ in an attempt to learn more about how these additional
sources of variability impact perceptions of social phenomena such as teaching.

4.1 A Practical Example Using GT and Student Ratings
One of the best-known models in social science that applies GT to social perceptions and interactions is Kenny’s Social Relations Model (SRM, 1994). The basic
assumption of the SRM is that any rating of a social perception has, besides error,
three potential sources: an actor or rater effect (i.e., due to the student who responds
to an item), a partner or target effect (i.e., due to the teacher who is rated) and a relationship effect (variability introduced due to the specific combination of this student
rating that specific teacher). The partner or target effect resembles what is taken to
be the teacher’s true score or true ability in CTT. The variance in partner effects
captures the degree of consensus between students on a certain aspect of teaching
quality. Stable response tendencies within students are captured in the actor effect.
For example, some students are quick learners and may therefore readily indicate
that they understand teacher explanations, irrespective of a specific teacher’s quality.
There can also be systematic variance in ratings due to the relationship between, or the
specific pairing of, students and teachers. Thus, on top of a student’s stable tendency
to think that teachers can explain things well (rater effect) and the teacher’s general
ability to explain things (target effect), student A may have experienced instances
where teacher B has explained content exceptionally well. This shared interaction
history may affect student A’s ratings over and above the rater and target effects
(Mainhard et al., 2018).
GT and SRM can be applied at the item level, though they are more commonly
applied at the construct level (Kenny, 1994, 1996; Kenny et al., 2006). Let us consider
an example at the item level. Suppose that students complete the item “my teacher
explains everything clearly to me”; then at the item level, the SRM is informative:
about the target effect, namely, do students agree that some teachers explain things
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well while others are not? about the actor effect, namely, do some students tend to
experience all teachers’ explanations to be clear while other students tend to perceive
all teachers’ explanations as hard to understand? and about the dyadic effects, namely,
do some students experience the teacher’s explanation to be clear over and above
their personal actor effect and that teacher’s target effect? Note that the actor and
relationship variances would be considered as error in CTT. The variability found in
these sources can then be explained with predictors, as in regression analysis. For
example, students’ actor effects may be explained by their general academic ability
and teachers’ target effects by years of experience. Relationship effects may occur,
for example, because some teachers think that certain students require a certain kind
of explanation to understand the subject matter.

4.2 Advantages and Limitations of Generalizability Theory
An advantage of dealing with student ratings of teaching quality according to the GT
approach is that it is a relatively simple extension of the better-known CTT. Those
acquainted with multilevel analyses will find GT quite straightforward (Kenny et al.,
2006). Conceptually, GT is more informative about potential variables that impact
students’ item responses. When items barely show stable variance between students,
the responses are only minimally affected by students’ personal characteristics and
answer tendencies.
However, compared to IRT, GT puts little emphasis on how item ratings can be
organized into a broader representation of teaching. Like CTT, GT is applied to sets
of items that have a similar association with the latent construct. Further, the GT
approach requires complex data sets. It cannot be applied with datasets that pair one
class with a teacher. Instead, students need to complete a questionnaire for several
teachers, and teachers need to be rated by several classes (see Mainhard et al., 2018
for an example).

5 Discussion
In this chapter, three dominant psychometric theories were discussed within the
domain of research on the validity and reliability of student perceptions of teaching
quality: Classical Test Theory, Item Response Theory and Generalizability Theory.
While each of these models has its specific advantages and disadvantages, together
they shed more complete light on what constitutes and determines students’ perceptions of teaching quality, disentangling true scores from error, and distinguishing
between more systematic and more random sources of variation in perceptions.
Together, they present a nuanced and complex picture of what makes a (student)
perception, and also how it can be used in research.
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The main message of the chapter is that the choice of a psychometric model
is not merely a technical matter, but also has implications for how the nature of
perceptions is conceptualized. For example, statistical techniques or software are
tools that can be of help, but they depend on the specific theory about what teaching
(quality) is and what dimensions or constructs and their interrelationships underlie
such behaviour. Regardless of the three theories described in this chapter, many
instruments measuring student perceptions are based on effectiveness research. It
mainly includes variables that have been found to be associated with student outcomes
in correlational research, rather than specifying a structure in and between different
dimensions of teaching and their likelihood of (co-)occurring (Skourdoumbis & Gale,
2013; Wrigley, 2004). For this purpose, CTT can be applied. Furthermore, many
instruments are based on the frequency of occurrence of behaviours, assuming an
order or singular dimension in these occurrences that is based on difficulty, routine or
other phenomena, which is linked to IRT (Maulana & Helms-Lorenz, 2016; den Brok
et al., 2018). However, others have argued that teaching quality is multidimensional
in nature, with behaviours being interpretable from various perspectives and adding
value to different outcomes at the same time (Doyle, 1986; den Brok, 2001; den Brok
et al., 2004; Shuell, 1996). GT can be applied here.
One may argue that basing a theory about teaching quality on the actual presence of behaviour or association with existing student outcomes is conservative,
and does not allow exploration of new teaching methods, new organisational forms
of education or alternative learning outcomes. However, assumptions behind the
occurrence of behaviours may differ depending on the type of perspective taken on
teaching, as may their theoretical underpinnings. For example, many interactional
theories assume two independent dimensions behind teaching, that order components of behaviour in circumplex structures with specific patterns and interrelations
between behaviours (or items) (Fabrigar et al., 1997; Gurtman & Pincus, 2000;
Wubbels et al., 2006). The more specified theories are, the easier they can be tested
statistically, as many programmes assume or ask for specific relations to be tested
when studying perceptions; consider, for example, structural equation modelling,
confirmatory factor analyses, IRT analysis or latent variable analysis (den Brok et al.,
2018).

6 Putting it all Together
With this chapter, we hope to have provided more insight into the interesting, yet
complicated, world of student perceptions of teaching quality. In conclusion, we have
a few take-away messages for researchers interested in using student perceptions of
teaching.
First, as aforementioned, it is important to be specific about the underlying
assumptions one has about the nature of the student perceptions one is interested
in. These assumptions should be grounded in prior research conducted on perceptions of the particular teaching behaviours one is interested in. For example, are the
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perceptions expected to vary considerably between teachers, classes or schools? Are
the perceptions likely to evoke certain psychological processes, such as social desirability or stereotypical responses? Are the behaviours expected to be familiar or unfamiliar to perceivers? Depending on what is known or deemed relevant, researchers
can choose between one or several of the theories mentioned in this chapter.
Second, it is important to be specific about the wording of the items capturing the
perceptions, as wording may lead to differences in response patterns, and thereby
differences in sources of variance that may occur, related to either perceiver, object
or the relation between them. Typically, researchers are not that conscious about the
choices and assumptions they make about perceptions and the wording they use.
Third, it is important to conceptualize and make explicit the different dimensions
or constructs one is interested in and the expected relationships between them, preferably based on theory (and empirical results). As this chapter has shown, constructs
may relate to each other in terms of difficulty or chance of occurrence (as with simplex
structures), but also in terms of relatedness or independence (as with circumplex
structures).
When researchers take all of these reflections into account, interesting insights
may be obtained by collecting student perceptions of teaching, and by comparing
these with, for example, the perceptions of others, such as teachers themselves. The
present chapter provides an overview of techniques and three major theories that
may be used to analyse and conceptualize such perceptions.
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