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Abstract

The Likert item response format for items is almost ubiquitous in the social sciences and has particular vir-
tues regarding the relative simplicity of item-generation and the efficiency for coding responses. However,
in this article, we critique this very common item format, focusing on its affordance for interpretation in
terms of internal structure validity evidence. We suggest an alternative, the Guttman response format, which
we see as providing a better approach for gathering and interpreting internal structure validity evidence.
Using a specific survey-based example, we illustrate how items in this alternative format can be developed,
exemplify how such items operate, and explore some comparisons between the results from using the two
formats. In conclusion, we recommend usage of the Guttman response format for improving the interpret-
ability of the resulting outcomes. Finally, we also note how this approach may be used in tandem with items
that use the Likert response format to help balance efficiency with interpretability.

Translational Abstract

The Likert item response format for items, which features a stem statement, and a series of simple alter-
natives for the respondent (usually Strongly Agree to Strongly Disagree) is almost ubiquitous in the
social sciences and has particular virtues regarding the relative simplicity of item-generation and the ef-
ficiency for coding responses. However, in this article, we critique this very common item format, fo-
cusing on its affordance for interpretation in terms of internal structure validity evidence, that is,
whether there is evidence in the response data that supports the underlying structure of the latent vari-
able being measured. We suggest an alternative, the Guttman response format, which we see as provid-
ing a better approach for gathering and interpreting this internal structure validity evidence. Using a
specific survey-based example, we illustrate how items in this alternative format can be developed,
exemplify how such items operate, and explore some comparisons between the results from using the
two formats. In conclusion, we recommend usage of the Guttman response format for improving the
interpretability of the resulting outcomes. Finally, we also note how this approach may be used in tan-
dem with items that use the Likert response format to help balance efficiency with interpretability.

Keywords: Guttman response format, internal structure validity evidence, Likert response format, Likert
scales

In a tribute to its wide-spread usage, Wikipedia describes the
Likert Scale as “the most widely used approach to scaling
responses in survey research, such that the term ... is often used
interchangeably with rating scale” (Wikipedia entry for “Likert
Scale”). We see two bases for this popularity, (a) the ease of item

development and the efficiency of the item responses format, and
(b) how the item scores are then summed to calculate a total score
(Likert, 1932/33). In this article, we focus on the former aspect,
the so-called Likert response format (Carifio & Perla, 2007),
which is also described in Wikipedia:
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2 WILSON ET AL.

A Likert item is simply a statement that the respondent is asked to
evaluate by giving it a quantitative [or ordinal] value on any kind of
subjective or objective dimension, with level of agreement/disagree-
ment being the dimension most commonly used. (Wikipedia entry for
“Likert Scale™)

Although concurring with the general appraisal of the efficiency
of coding responses, and with the relative simplicity of item-gen-
eration under this scheme, in this article, we consider also
criticisms of the Likert response format for items, and, in particu-
lar we focus on concerns about relating the response categories of
the items to the structure of the construct—a validity issue, usually
termed “evidence of internal structure” (American Educational
Research Association, American Psychological Association, &
National Council on Measurement in Education [AERA/APA/
NCME], 2014)—and hence, also with associated limitations in
interpretability of the resulting scale. In light of those criticisms,
we suggest an alternative format, the Guttman response format.
We illustrate how items in this format can be developed, explain
how such items operate using a specific survey-based example,
and explore some comparisons between the results from using the
two formats. In conclusion, we recommend usage of the Guttman
response format for improving the interpretability of the resulting
outcomes. However, we also note how this approach may be used
in tandem with items that use the Likert response format to help
balance efficiency with interpretability.

The Likert Response Format for Items

Although Likert (1932/33) is, of course, the most authentic
source for the definition of Likert-style items, at the time, Likert
himself was not actually aware that he was establishing a “brand-
name” that would become so popular in the ensuing decades and
so was not strongly motivated to provide a clear definition of the
term. A recent textbook by DeVellis (2017) gives a clear and suc-
cinct description as follows: “the item is presented as a declarative
sentence, followed by response options that indicate varying
degrees of agreement with or endorsement of the statement” (p.
93).

However, the concept has very wide usage and hence is men-
tioned, described, and defined in multiple papers and textbooks, as
well as having a large presence on the Internet (see, e.g., Robinson
[2018] or Uebersax [2006]). Thus, one can recognize the example
items in Figure 1 as fairly typical examples of the genre. Some-
times the format is varied by the item developers—for example,

Figure 1

there might be no word labels, just numbers, or there might be a
line, which is labeled at equally spaced intervals with numbers. A
fairly common alternative is the “semantic differential” (Osgood
& Tannenbaum, 1955), where only the ends are labeled.

It is important to note that this article is focused on the response
format of items, and especially, consequences of that choice for
interpretation and the gathering validity evidence. However, it is
common in the literature to see a confusion between, for example,
references to a Likert scale, and the Likert response format. While
acknowledging that the word “scale” has multiple meanings (espe-
cially within the measurement domain), we emphasize that the
main focus of this article is the response format rather than the
resulting “scale” based on the set of items. For an interesting
(though somewhat idiosyncratic and testy) discussion of this dis-
tinction see Carifio and Perla (2007).

Some Criticisms of Likert-Style Items

There have been numerous criticisms of Likert response format
items over the almost 100 years since Likert wrote his founda-
tional article (as one might expect for anything that is so common).
Among them are criticisms that there can be a tendency for people
to answer on only one response side or the other, a tendency for
people to not choose extremes, or that there is a confusion between
an “equally-balanced” response and a “do not know/does not
apply” response (DeVellis, 2017). However, probably the most
common criticism by psychometricians of Likert-style items is
that the use of integers for coding the responses implies that the
responses are equal-interval, seemingly conferring (at least) inter-
val-level measurement status on the resulting data, and hence that
statistical procedures requiring such (e.g., linear regression, factor
analysis, etc.) can be confidently carried out. In fact, it is very
common that such data-analytic procedures are carried out, despite
strong criticisms of such practices over many years (Carifio &
Perla, 2007; Jamieson, 2004; Kuzon et al., 1996; Uebersax, 2006).
However, there is also a long literature on the robustness of such
procedures against such violations, dating back even to Likert
(1932/33) himself, but with other commentators agreeing over the
years (cf., Glass et al., 1972; Labovitz, 1967; Traylor, 1983).

However, this is not the prime criticism to be made here, but we
will return to it at a certain point later in the article, to try and
throw some light on this controversy. The reason that this debate
is not considered in this article is that the approach that will be
taken here is the modern psychometric perspective that the numer-
ical values for the Likert responses themselves do not constitute

Some Example Items From the Researcher Identity Scale (Likert Response Format Items)

I am a member of a research community.
I am a part of a group of researchers.

I am an important part of a group of researchers.

Strongly
Agree Agree

Slightly Slightly
Agree

Strongly
Disagree Disagree Disagree

O (6] O O (6] O

(6] (6] (€] (6] (6] (€]
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the measurement scale, but rather that these are observations of dis-
crete-valued random variables (i.e., one random variable for each
item) that is to be modeled as being probabilistically dependent on
an underlying latent variable. It is this underlying latent variable
which we take to constitute property which will be labeled with the
measurement scale (for the set of items), and that this latent variable
has its own scale-structure, which we will take to be an interval
scale. This strategy obviates the not-equal-interval criticism of the
raw Likert responses (see similar comments, for example, by
Embretson (1996) and Wright and Masters (1982).

Establishing Internal Structure Validity Evidence

In this article we will focus on those aspects of a scale that relate
most directly to its meaningfulness, internal structure validity evi-
dence, and the interpretation of the results from use of the instru-
ment. The specific logic for the sort of internal structure validity
that we are addressing here is that the structure that is posited as
belonging to the property being measured should be reflected in
empirical evidence available once data has been collected, and the
results evaluated (AERA/APA/NCME, 2014). To make this case, it
is first required that there be an intended (and evaluable) structure
of the property being measured, and this is something that should
be included in the content validity evidence, that is, there needs to
be a structural description of the property under measurement, often
called the “construct” in educational and psychological measure-
ment. In the case of a unidimensional property, this corresponds to
a description of the property that can be realized either through a
structural account of the respondents or the items (or both).

One prominent version of such an account is conceptualized as
the construct map (Wilson, 2005). In this approach, we need a par-
ticular sort of description of the construct—first, assume that the
construct we wish to measure has a simple unidimensional form: it
extends from one extreme to another, from, say, high to low, or
strong to weak, with qualitatively distinct locations in between.
We are primarily interested in finding where a respondent stands
on this range from one extreme to the other (that is, we wish to
measure the respondent). In particular, when we are relatively
more sophisticated about our understanding of the construct, it
may be possible to distinguish a sequence of qualitative levels
between those extremes—these will be very important and useful
both for validity evidence, and for the interpretation of the meas-
urements. At this point, it is still an idea, latent rather than mani-
fest, and although qualitative distinctions within the range should
be definable, we assume that the respondents can be at any point
in between—that is, the underlying construct is continuous.

An Example Construct Map

We next will show an illustration of a construct map from an
example of a Likert Scale development which will be used through-
out the article. First, we give some brief background on this instru-
ment to make the example clearer and more concrete. The instrument
was developed to measure researcher identity by the San Francisco
Health Investigators (SFHI) Project (Koo et al., 2021) and is referred
to as the Researcher Identity Scale (RIS). The developers considered
RIS to be one unified idea made up of four strands: fit & aspiration,
community, self, and agency. For more information on the project
under which this development work took place and for more

information about the RIS latent variable, its components, and its
construct map, see Koo et al. (2021). The construct map for this con-
struct is shown in Figure 2. The hypothesis of the RIS construct map
starts at the lowest level (Level 0), below the levels shown in the con-
struct map in Figure 2, where the student is not aware of what
research entails and has no consideration for their possible role(s) in
research. At Level 1, the student is a newcomer to the concept
of research. At Level 2, the student explores the different aspects of
research. At Level 3, the student begins to feel comfortable with their
identity as a researcher. And finally, at Level 4, the student identifies
themself as a researcher and integrates this into their larger self-
identity.

With a construct such as this in hand, the specific goal of an in-
ternal structure validity investigation will be to find evidence about
whether this structure is reflected in the data collected in a validity
study of the instrument designed to measure the latent variable
(Wilson, 2005)—in this case the RIS latent variable. Following
the typical development steps for attitude scale construction, the
RIS developers created items following the Likert response format
approach. Examples of the items they developed have been shown
in Figure 1 The SFHI Project developed a 45-item Likert response
format instrument with six response categories for each item as
shown in Figure 1 (i.e., Strongly Disagree, Disagree, Slightly Dis-
agree, Slightly Agree, Agree, and Strongly Agree).

The Guttman Response Format for Items

An alternative to the Likert response format is to develop
options that are in themselves meaningful statements that give the
respondent some context in which to make the desired distinctions.
The general aim of such a tactic is to try and make the relationship
between each item and the overall scale interpretable: the specific
aim for this study is to try and make the relationship between each
item response option and the construct map levels interpretable. If
we can be successful at the latter, then the former will follow as
part of the results from data analysis. On the basis of items such as
these, Guttman developed his very unique and intuitive approach
to measurement (Guttman, 1944), which he called his “scalogram”
approach (also known as “Guttman scaling”):

If a person endorses a more extreme statement, he should endorse all
less extreme statements if the statements are to be considered a
[Guttman] scale ... We shall call a set of items of common content a
scale if a person with a higher rank than another person is just as high
or higher on every item than the other person. (Guttman, 1950, p. 62)

Four items developed by Guttman himself using this approach
are shown in Figure 3—these items were used in a study of Ameri-
can soldiers returning from the Second World War (Guttman,
1944). Guttman’s own emphasis was on the process of developing
scales rather than on items, so he did not name them as a specific
type of item. But his accomplishment has been posthumously rec-
ognized, and hence this item format design was named as “Gutt-
man-style” items in his honor in 2005 (Wilson, 2005)."

! Note that this type of item was not invented by Guttman; it had been in
used in many previous instruments. In fact, Likert (1932/33) included items
like this in his original account on Likert Scales, but they were not taken up
by posterity.
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Figure 2

The Construct Map and Some Sample Items From the RIS

Construct Definition

Level 4: Integration of Identity
Student identifies as a researcher and
integrates this into their larger self

Level 3: Comfortable with Identity
Student begins to feel comfortable with
their identity as a researcher

Level 2: Role Exploration
Student explores the different aspects of
research

Level 1: Curious Identity

Sample Items

Agency - I can do research that benefits people.
Fit & Aspiration - I plan to get a research-related
degree in college.

Agency - I can discuss research ideas with my
peers.
Self - I am beginning to consider myself a
researcher.

Community - I am making a contribution to a
research group.
Fit & Aspiration - I would like to do research.

Community - [ am a member of a research

Student is a newcomer to the concept of community.
research Self - I can do research tasks with help from
others.

Level 0: Absent
Student is unaware of what research entails
and has not considered their own role in
research.

Self — I think research is boring.

Note. The text in italics is the label for the respective levels. See the online article for the color version of this figure.

The essential feature that characterizes a Guttman-style item is
that it provides response options that represent progressively more
difficult or higher levels of the construct—that is, not just a generic
“stronger,” “easier” and so forth, but options that are themselves

meaningfully related to the underlying construct. According to this
approach, a deterministic interpretation (such as was made by
Guttman himself) would be that the respondent would endorse all
the options up to a certain point and then not endorse options

Figure 3
Four of Guttman’s (1944) Items

5 If you were offered a good job, what would you do?

(a) I would take the job

(b) I would turn it down if the government would help me to go to school
(c) I would turn it down and go back to school regardless

6 If you were offered some kind of job, but not a good one, what would you do?
(a) I would take the job

(b) I would turn it down if the government would help me to go to school

() I would turn it down and go back to school regardless

7 If you could get no job at all, what would you do?

(a) I would not go back to school

(b) If the government would aid me, I would go back to school
(c) I would go back to school even without government aid

8 If you could do what you like after the war is over, would you go back to school?
(a) Yes
(b) No




This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

BALANCE BETWEEN EFFICIENCY AND INTERPRETABILITY 5

beyond that point. That critical point would vary by respondent
(that is, according to their “amount” of the latent variable) and the
transduction in the case of the Guttman response format, therefore,
would be captured as respondent making their best choice among
the ordered set of options. For example, consider the first item in
Figure 3. The stem is: “If you were offered a good job, what would
you do?” The first option is “I would take the job,” and the second
option is “I would turn it down if the government would help me
to go to school.” Note how (a) the options are not generic terms,
but are specifically related to the stem, and (b) the Guttman inter-
pretation would be that as a soldier varied from being very inter-
ested in getting a job to being very interested in going back to
school, there would be a certain point on that (latent) variable
where getting government help for school costs was critically im-
portant. A similar interpretation can be made for the comparison
of the second to the third option: “I would turn it down and go
back to school regardless.” The second and third items have stems
that are very similar to the first, so that the options for these are
also the same or very similar—this would not necessarily be the
case for all items in a survey—as the stems varied the contextuali-
zation, the options would need to differ to be relevant to those dif-
fering contexts. Now, the construct map is a representation of a
latent variable that is consistent with this idea of the Guttman
response style. Each consecutive level of the construct map can be
thought of as representing possible responses that a respondent
might make to a certain item stem—in fact this way of thinking of
the responses (that is, the Guttman response format) seems almost
tailor-made to fit with the idea of a construct map.

Note that there are two possible orderings that can be consid-
ered for polytomous items: the ordering of the items and the order-
ing (within each item) of the options. This is also illustrated by the
items in Figure 3—here the stems (and hence each item as a
whole) are ordered, indicated by the type of job—a “good job,”
“some kind of job” and “no job at all.” This ordering in terms of
the items is not the prime focus of this article but is indeed also a
possibility that might be exploited to reflect the order of a con-
struct map. In the case of dichotomous items, there is no problem
with that, but in the case of polytomous items, the conflation
(interaction) of the two orders will likely complicate matters with
respect to the construct map perspective, and so we have not
included this as part of our focus here.

An example of such a series of options in the Guttman response
format is shown in Figure 4; this is, in fact, a RIS Guttman
response format item. The options in this item are designed to
match the levels of the RIS construct map (see Figure 2), starting

Figure 4

with option (a) for level 0, and progressing through to option (e)
for level 4.

Creating Guttman Response Format Items for the
RIS Scale

Initially, the Likert response format items (such as in Figure 1)
were developed to match with levels of the RIS construct map.
Then the full set of Likert items were reduced to 21 on the basis of
standard quality control indices (appropriate levels of difficulty,
and so forth). These were then grouped together based on similar-
ity of their content and their match to the construct map levels, to
form Guttman-style sets of ordered response options. Not every
group mapped across the entire set of construct levels, so some
new options were created to fill the gaps. The Guttman-style
response options were placed in order based on (a) the theoretical
levels of the construct map that they were intended to map to and
(b) empirical evidence of how students responded to the items in
earlier rounds of testing. To see an example of this, compare the
three Likert-style items shown in Figure 1 with options (c), (d),
and (e) for the Guttman response format item in Figure 4. This is,
in fact, the matched set of three Likert response format items with
one Guttman response format item. As there were not matching
items for the two lower levels in the Likert set, two more options
were developed for the Guttman item—options (a) and (b) in Fig-
ure 4.

Altogether 12 Guttman response format items were developed
and validated for the RIS scale (Morell et al., 2021). Eleven of the
12 have at least one Likert-style option that the Guttman options
were designed to match to, with 21 matching levels in all, of a
total possible 60 across all 12 Guttman response format items.
Details of the matching of the 21 Likert-style items with the 12
Guttman-style items is given in the Appendix.

A Measurement Model for Both Likert Responses and
Guttman Responses

In particular, we will use a Rasch (1960/1980) model approach.
This is a probabilistic model and hence is different from the way
in which Guttman discussed his conceptualization of the underly-
ing process (Guttman, 1944). He thought of the critical point men-
tioned above as determining exactly the response that would occur
for each respondent—below that point, the respondent would give
one response, at that critical point the response would change to
the next option, and so on. This has been a requirement that has
not been well-met by the vicissitudes of data in education. For

An Example Item From the RIS (Guttman Response Format Items)

G4. Which statement best describes you?

(c) I am a small part of a research community.
(d) I am a part of a research community.

(a) I don’t consider myself a part of a research community.
(b) I am beginning to feel like a part of a research community.

(e) I am an important part of a research community.
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example, extensive investigations by Kofsky (1966) applying
Guttman scaling to child development data, led her to observe the
following:

... the scalogram model may not be the most accurate picture of de-
velopment, since it is based on the assumption that an individual can
be placed on a continuum at a point that discriminates the exact [em-
phasis added] skills he has mastered from those he has never been able
to perform. ... A better way of describing individual growth sequen-
ces might employ probability statements about the likelihood of mas-
tering one task once another has been or is in the process of being
mastered. (Kofsky, 1966, pp. 202-203)

We agree with this conclusion, and thus we have chosen a prob-
abilistic formulation. Specifically, we use a polytomous version of
the Rasch model, the partial credit item response model (PCM;
Wright & Masters, 1982), which is given by:

Mpix = 0, — (Sa), (1)

where 1, = log PP’—:fl is the log odds of a person responding in

category k versus category k — 1 on item i, and where

P, 1s the probability of a student responding in category k on
item i,

Oy 1s difficulty for item i step k, and

0y, is the location of respondent p.

For, example in the case of a four-category item, with three-
steps between categories:

when k = 1, Equation 1 defines the log-odds of scoring a 1
rather than O for item i;

when k = 2, it defines the log-odds of scoring a 2 rather than 1
for item 7; and

when k = 3, it defines the log-odds of scoring a 3 rather than 2
for item i.

Note that, for the partial credit model, the distances between the
consecutive steps do not need to be the same (Wright & Masters,
1982). We will not discuss estimation and technical matters in
detail—the interested reader can consult Wilson (2005) or Wright
and Masters (1982).

The SFHI Project carried out a study, involving 863 high school
students in a western U.S. region, of the reliability and the validity
evidence for the RIS instrument and reported results in terms of
the first four strands of validity evidence plus fairness, according
to the criteria outlined in the “Standards” (AERA/APA/NCME,
2014)—they did not gather any evidence regarding the consequen-
ces strand, as there had as yet been no consequences of using the
instrument. The data were analyzed using the ConQuest software
(Adams et al., 2020).

Internal validity evidence for the RIS scale was examined using
a graphical representation of the results for the PCM called a
Wright Map. An example Wright Map is shown in Figure 5. (This
is actually based on data from the Likert RIS data, and we will
return to discuss specific results and interpretations for that data in

the next section—for now, we use the figure to describe the fea-
tures of the graph and its interpretation). A Wright Map is a visual
depiction of how the sample of students relate to the items in terms
of the PCM parameters for each, respectively. On the far left in
Figure 5 one can see the units of the logit scale, which is also rep-
resented as the vertical dashed line somewhat off-center toward
the right of the figure. The left side of the Wright map shows the
distribution of students in the sample, ranging from those with low
estimates at the bottom to those with high estimates at the top in
the form of a histogram rotated through 90 degrees so it is “on its
side” and where each “x” represents 2.0 students (approximately).
The right side of the Wright Map shows the item estimates in
terms of their “Thurstonian thresholds” (Adams et al., 2020),
which are defined as follows.

a. For an item with the maximum score k (with scores running
0, 1, ..., k), there are k Thurstonian thresholds.

b. The kth threshold can be interpreted as the point at which
the probability of a score k and above is equal to the proba-
bility of scores below k (and hence, both are equal to 0.50
at that point).

All the items in this example (i.e., the RIS Likert instrument) have
six categories, hence each has a maximum of five thresholds. In the
way that these thresholds are constructed, it is always more difficult
for students to reach a higher threshold than a lower threshold (that
is, threshold k is always more difficult to reach than threshold £ — 1).
In Figure 5 the ‘1s’ correspond to the threshold difficulty of moving
from “Strongly Disagree” to “Disagree,” the ‘2s’ correspond to the
threshold difficulty of moving from “Disagree” to “Slightly Dis-
agree,” and so on. The different item thresholds are shown in col-
umns on the right-hand side, with labels “Cn” at the bottom
representing the item order within the set of items. Further, the item
threshold estimates are in the same logit units, thus making it possi-
ble to compare item estimates with person estimates, and then, using
Equation 1, calculate the probability of a given response on an item
using the student location estimate and the item parameter estimates.
In this paragraph, we have illustrated the use of the PCM results and
the Wright Map for the Likert response format items, but the same
description will hold for the Guttman response items, with the differ-
ence that here are five categories for the Guttman format.

Examining Internal Validity for the RIS Scale

The Likert Response Format Items

One crucial criterion for internal structure validity evidence is the
match between the expectations built into the construct and patterns
of results in the instrument outcomes. Thus, an immediate issue in
matching the results for the instrument with the levels of the con-
struct map is that, although the construct map levels are described
in terms of substantive information about the construct itself, the
response categories to the Likert response format items are
expressed in terms of amount of agreement (from Strongly Dis-
agree to Strongly Agree). Although it is reasonable to assume that
these will be related (based on the content of the stems for each
item), the actual level of agreement (for example, Strongly Agree
versus Agree for any given item, and so forth) that would match to
each construct map level in Figure 2 is not clear from a comparison
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Figure 5

The Wright Map for the Community Section of the RIS (Likert Response Format Items)
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of the contents of the construct map levels (as in Figure 2) with the
Likert response options (Strongly Disagree to Strongly Agree).
However, an empirical match would be a reasonable step for-
ward, even if the content-matching does not work.

Thus, it makes sense to look for consistency among the Thursto-
nian thresholds for the Likert response format items, as this could
then be a basis for an alignment, perhaps based on a judgment pro-
cess. As noted above, Figure 5 shows the Wright Map based on
the Likert response format items for the RIS scale—the thresholds
shown on the right-hand side are just those for the items in the
Community section of the instrument. (We have shown just the
five Community items in Figure 5—the pattern of results that we
are reporting below is the same across all of the topics, and the fig-
ure would have been more cluttered if we showed all 45 items).

What we need to do to is empirically corroborate the construct
map levels with the empirical evidence in the shape of the item
threshold estimates. To do that, one needs to be able to discern a
pattern where each of the sets of thresholds (that is, the first thresh-
olds, the second thresholds, and so forth) reside within distinct
sections of the RIS logit scale with little or no overlap (Schwartz
et al., 2017). It is readily apparent that, for these results shown in
Figure 5, that is not possible, at last without having to accept a lot
of overlap between the bands.” This is obvious, for instance, by
examining the range of the 1st thresholds, which runs (approxi-
mately) from —3.4 to —1.0 logits—this range includes within it

2 To see an example of a Wright map where the bands are much clearer,
look ahead at Figure 6 (details in the next section).
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three second thresholds and one third threshold. This pattern of
overlap is repeated for each of the other sets of thresholds except
for the fifth. This overlapping pattern of threshold dispersion
means that there is no clear one-to-one relationship between the
levels of the construct map and the locations of the sets of
responses to the items. Now, it may be possible for a creative in-
terpreter to come up with a “theory” about how the item-responses
relate differentially to the construct map levels, but this will lead
to more exceptions than rules.> Thus, it is not possible to establish
a case for these results as contributing to internal structure validity
evidence with a pattern of results like this. Of course, a wily valid-
ity evidence gatherer still has options—this strand of validity evi-
dence might simply be ignored, or some other perspective might
be focused on, or, even worse, the idea of being able to describe
the qualitative nature of the RIS latent variable might be dropped.
However, regardless of these other strategies, it is certainly clear
that, for the Likert response format item set, the internal construct
validity evidence is not available.

Some other matters can be observed in looking at Figure 5.
Notice, for example, that the distance (on the logit scale) between
the thresholds is quite variable, with some distances (within a sin-
gle) item being up to twice the distance of others. For example, for
item C1, note that the distance between the fourth and fifth thresh-
olds is more than three times the distance between the first and
second. This result makes it clear that the Likert assumption that
the raw score responses are at an interval level is not supported. A
similar finding was reported by Embretson (1996), who saw it as a
general result that pertained quite generally across many contexts.
Moreover, beyond that, it is also clear that the items themselves
(essentially the item stems) also vary in their difficulty, with item
C1 being about 2 logits easier to agree with than item C5—trans-
lating that into probabilities, that is a difference of about .25 (or
25%)—that is, if a student’s probability of agreeing with item C1
were .50, then their probability of agreeing with item C5 would be
predicted to be .25, a very considerable difference. This sort of
result, which is also quite common in such circumstances, means
that the interpretations of the summated scores from Likert scales
will depend on which items are chosen to include in the instru-
ment—instruments with a fixed set of items will not be affected by
this, but usage of item banks, or even just different sets of items,
as in, say a pretest-posttest design, will be complicated in such
cases. Note that the concerns expressed in this paragraph relate to
limitations in interpretation based on the raw scores (that is, sum-
mated scores) for the instrument, which is quite common in psy-
chological applications. When translated into the context of a
modern psychometric analysis, such as that used here, these con-
cerns are ameliorated, if not eliminated altogether.

This pattern of diffuse and overlapping thresholds has been
found to be very common in analyses of data from Likert response
format items in our experience with many attitude scale develop-
ments at the BEAR Center. Although we have been dismayed by
this finding of the vagueness of the Likert options, we have not
been moved to abandon the possibility of having a way to establish
good evidence for internal structure validity for properties such as
those that are usually measured using Likert response format
items. Instead, we have been making attempts to develop an alter-
native means of transducing the attitudinal-like properties using
the Guttman response format, so that the possibilities for establish-
ing internal structure validity are increased.

The Guttman Response Format Items

The SFHI Project also administered 12 Guttman items to the
same sample of students who took the Likert items at the same
time. The separation reliability* of the Guttman item set was .87—
this value compares well with reliability for the 45 Likert-style
items, which were found to be slightly higher at .89—one way to
think about this is to note that the Likert-style item set has 120 (=
45 X 5) category-pair comparisons, while the Guttman-style item
set has 48 (= 12 X 4), less than half. The (directly estimated® and
hence disattenuated) correlation between the two sets of results
(that is, Likert and Guttman) was found to be .82.

The items set was examined with the same validity evidence cri-
teria as for the Likert response format items reported above. Figure
6 shows the Guttman equivalent of the Likert Wright Map® (which
was shown in Figure 5). The conventions for this figure are the
same as for the earlier Wright map. In this case, however, the pat-
tern of the thresholds is more consistent. The project developers
applied a standard-setting process called “construct modeling”
(Draney & Wilson, 2011) to come up with bands that attempt to
maximally separate the thresholds levels across the items. This has
led to a much clearer delineation of the segments of the logit scale
associated with each of the levels, as indicated by the horizontal
bands shown in the figure. Note that there is still some overlap
between the RIS construct map bands here also, for example, note
that for item 10, the 10.1 threshold has been judged just above the
band for construct level 1. The exception here is Item 4, which has
been harder for the students to agree with at each of the levels
except the highest—this item should be reconsidered for inclusion
in the final set of Guttman items. Hence, for the Guttman response
format items, the internal structure validity evidence is much
clearer—indeed, across the item set, with the possible exception of
Item 4, the item responses have generally conformed to the pre-
dicted order as indicated in the RIS construct map.

Looking beyond the accumulation of internal structure validity
evidence, one can see a further advantage that accrues to the Gutt-
man-style scale—the establishment of the bands provides a crite-
rion-referenced interpretation of values on the scale. For example,
a student estimated to be at 1.0 logits would be interpreted as one
whose researcher identity can be said to be at the level where they
are “comfortable” (see Figure 2) with their researcher identity,
though still at the lower end of that category. For a student at the
location 1.0 on the Likert-style scale looking back at Figure 5), all
one could say is that their responses would range from slightly

3 For example, suppose that the top of the first band were chosen to be
located at —1.5 (just below the 3rd threshold for C1—to avoid what looks
like a difficult match), then one could decide that what matched to
Construct map level 0 (i.e., the lowest) would be Strongly Disagree,
Disagree and (part of) Agree for item C1, Strongly Disagree and (part of)
Disagree for item C2 (although a part of Disagree would also relate to
Construct map level 1), etc.

4 The separation reliability is defined as the equivalent to Cronbach’s
alpha, except that in calculating it, the logit estimates of the student
estimates are used in place of the (traditional) raw scores (Wilson, 2005;
Wright & Masters, 1982).

5 A two-dimensional PCM estimation was used for this.

5 Note that, even though this is based on the same sample of students,
the actual logit values on the two Wright maps cannot be directly compared
as there are no common (or link) items between these two analyses.
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Figure 6
The Wright Map for the RIS (Guttman Response Format Items)
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agree to agree on the items, which is a less interpretable, and
therefore a much less meaningful statement.

Comparing the Guttman Response Format Scale With
the Likert Response Format Scale

The results discussed above show a considerable difference in
interpretability between the Guttman-style scale with the Likert-
style scale. The data produced by this study afford an opportunity
for a much more direct and detailed comparison between the two,
as the same sample of students responded to both forms, and there
was a matching of at least some of the Likert-style items with the
Guttman-style items. This latter opportunity arose from the way
that the two item sets were developed, as described above.

A third analysis was conducted to compare performance of the
matching 20 Likert response items and the 12 Guttman response

items. This was, again, a unidimensional PCM analysis, and, as
the two sets of items are both included, the logit values here can
be directly compared between Likert response format estimates
and Guttman results. The item difficulties for the Guttman
response format items were anchored from the previous analysis,
linking the scale in Figure 6 with this one, and the student esti-
mates were generated, based only on the matching Likert
response format items. The Wright Map showing the results for
this analysis is given in Figure 7. The banding established using
the Guttman response format items has been applied to this
Wright map (in Figure 7), so now we can see how the student
estimates from the Likert response items are related to the levels
of the RIS construct map (as shown in Figure 2). In fact, the two
distributions, one based on the Guttman response format items
(in Figure 6) and the one based on the Likert response format
items are very similar—which seems quite reasonable, given that
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Figure 7

The Wright Map for the RIS (Matching Likert Response Format Items)
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Figure 8

The Test Characteristic Curve for the Likert Response Format Items
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most of the items were generated to match, and that the correla-
tion between the two empirical variables was found to be .82 (as
noted above). Thus, the measurement results for students who
respond to the RIS Likert response format items can now be
interpreted just as for those who took the Guttman response for-
mat items. For example, that student who was estimated to be at
1.0 logits on the Likert version, in contrast to the earlier interpre-
tation (as noted at the end of the previous section) can now be
interpreted as one whose researcher identity is at the level where
they are “comfortable” (see Figure 2) with their researcher
identity.

Discussion and Conclusion

The arguments presented in this article have focused attention
on certain limitations inherent in Likert response format items. It
has been pointed out that interpretation of Likert’s original raw
score implementation has been questioned in the literature given
that the raw scores do not have an interval nature. Although this is
a valid criticism of use of the unscaled raw-scores, we see this crit-
icism as being largely overcome by applying appropriate latent
variable scaling procedures, such as the Rasch-type models used
in this article. An observation that may help one to see why this
use of raw sum-scores can still often be reasonably successful is to
examine the test characteristic curve. For example, for the analysis
reported in Figure 5 (i.e., for the Likert response format items), the
test characteristic curve is shown in Figure 8. Examining this fig-
ure, one can see that the relationship between the raw scores and

the underlying latent variable (0) is close to linear over much of
the range of the raw scores, and hence, any statistical uses or
manipulations that are not sensitive to translations of the underly-
ing variable, such as those involving correlations, will not be
affected by the use of raw sum-scores (except at the extremes of
the scores). This includes classical factor analyses and many other
common statistical procedures. The circumstances where this
would indeed cause problems, or at least complications, would be
situations that involved the flexible use of alternate subsets of
items, such as in an item-bank situation, or situations where spe-
cific values on the underlying metric were important, such as the
use of the bands in Figure S for interpreting the outcomes.

However, the use of latent variable scaling does not avoid every li-
mitation of the Likert response format item form. As shown in Figure
3, the split nature of the Likert response format item, into a stem and
standard options, makes it difficult to relate the empirical results with
content structure such as is conveyed in a construct map. Although
the content of the stem could likely be coordinated with construct
map levels, the uniformity of the option will generally count against
that, even though they are an aspect of the efficiency that Likert
thought he had but was mistaken. Moreover, the assumption that the
standardized content of the options will result in equal interval raw
scores for the items is seen to be an aspiration, but, in most cases, as
here for the RIS scale, this will not be a sound assumption. This
causes problems for both the possibility of interval-level outcomes,
but also for achieving some sort of consistent match with levels in a
construct map. Hence, there is a gap in the possible validity evidence
for instruments using Likert response format items.
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Turning now to discuss aspects of the Guttman response format
item, one can find in the literature several places where experts
have criticized the use of Guttman Scales (scalogram, etc.) as
being less than desirable. These include DeVellis (2017), and Nun-
nally (1967) the latter of whom, while complimenting the intuitive
nature of Guttman scaling criticized its “fundamental impractical-
ity.” However, these criticisms, and others like them, are criticisms
of the practice of Guttman scaling, not of the Guttman-formatted
item including its gradational response options, as described here,
and hence these criticisms do not apply to this work.

The idea of the Guttman response format item was developed
directly as a way to build content validity into the item and thus to
allow one to examine support for that in terms of internal structure
validity—specifically by examining the resulting item parameter
estimates for consistency with the levels of the construct map. The
pattern of results shown in Figure 6 displays a strong consistency
between the empirical results and the intended structure of the RIS
construct. There is not 100% consistency, but then we expect
some imperfections in our item realizations—it is certainly a con-
siderable improvement over the results shown in Figure 5. This
addition to core validity evidence (which is so often lacking in atti-
tude scale and survey development) should be seen as a very im-
portant contribution of the Guttman response format item.

This advantage comes with no great cost in terms of net reliability
of the instruments, which was found to be only slightly different
between the two item formats, .89 for the Likert response format
item set and .87 for the Guttman response item set. Of course, this
net comparison might be misleading, as the number of items is
hugely different between the two (45 vs. 12), and the number of cate-
gories within each item are also different (6 vs. 5, or, more directly, 5
vs. 4 ordered distinctions).” Given the near equality of the reliabil-
ities, one can say that, for this specific pair of Likert and Guttman
items, each Guttman response format item is worth (in terms of con-
tribution to reliability) approximately (45/12 =) 3.75 Likert-style
items. This is a considerable efficiency and should be seen as a sec-
ond important contribution.

However, there is a caveat to this second contribution. The work
to develop Guttman-response format items can readily be seen to be
more content-intensive. That is, where a typical Likert-style item
will need the creation of only a single stem statement, a typical Gutt-
man-style item will need four or five such statements (e.g., one for
each construct map level). Hence, the item development process will
likely be more time-consuming than for Likert response format items
in terms of items developed per unit of work-time—this has previ-
ously been reported in an early example of such work (Teh, 2004).
Second, we have found that, when respondents respond to Guttman
response format items, they often report that their rate of response is
slower than for items formatted in the Likert response style—and
this is consistent with the development demands, as the respondents
need to read more lines of text for the Guttman-style items. Thus,
although the Guttman response format items are seen to have a con-
siderable advantage over Likert response format items in terms of
contribution to reliability, this will need to be balanced against a
slower rate of item development and a slower rate of response.

In sum, one can evaluate the potential of the Guttman response
format item that has been the focus of this article as being most use-
ful for (a) focusing the work of those who are developing instru-
ments in the social sciences on founding their development in a
content-based model of the construct (such as the construct map, as

used here), (b) helping establish the construct validity (in terms of
internal construct validity) for the instrument, (c) adding to the
meaningfulness of the outcomes that get reported, and (d) providing
a path for establishing internal structure validity evidence for the
numerous Likert Scales that are used by social scientists today.

7 One can use the Spearman-Brown formula to make these approximately
equivalent by transforming the problem to one analogous to a dichotomous item
situation. Using the informal rule that a polytomous item with k categories is
equivalent to approximately k — 1 dichotomous items (Donoghue, 1993), this
means that the Likert set may be seen as being like a set of 125 dichotomous
items, whereas the Guttman set may be seen as the equivalent of 48
dichotomous items. Thus, one can see that, if one had the same number of
distinctions available in the Guttman set as were available in the Likert set
(125), then one would have 125/4 = 31 (approx.) Guttman items, and applying
the Spearman-Brown formula, this would give an equivalent reliability of a test
that is 125/48 = 2.6 times as long (in dichotomous item equivalents): (2.6 X
0.87)/(1.0 + 0.87) = 1.21, or, given that 1.00 is the maximum of reliability,
1.00.
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Appendix
From Likert-Style to Guttman-Style

The left column of Figure Al shows the 21 chosen Likert-
style items. Each of these Likert-style items was developed
with six ordered response choices—strongly agree, agree,
slightly agree, slightly disagree, disagree, and strongly dis-
agree. To transform the set into to the Guttman-style format,
we first grouped Likert-style items together based on similar
content. For example, the first three Likert-style items in
Figure A1 are focusing on an individuals’ comfort with seeing
himself/herself as a researcher. The first item “I am beginning
to consider myself a researcher,” targets a relatively lower level
of the construct map in comparison to the second item “I con-
sider myself a researcher,” which in turn targets a relatively
lower level of the construct map in comparison to the third
item “I consider myself to be a professional researcher.” Each
of these items becomes an option in the first Guttman-style
item (G1), adapted in some cases to make the expressions con-
sistent across the Guttman-style options. To match to the con-
struct map for this variable, we added two more options at
levels below that for Item 1. The development process was simi-
lar for four of the Guttman-style items. For some Likert-style

items (e.g., Item 7, and five others) there were no others that
were of a similar content, so we needed to add four Guttman-
style options for each of them. We found that this process pro-
duced a somewhat imbalanced set of Guttman-style items, with
two Guttman-style items for the Agency strand and three for the
rest. Hence, we developed one extra Guttman-style item focused
on the Agency strand that was not matched among the 21
Likert-style items (Guttman-style item G9). Through this pro-
cess, we obtained the right column of the figure, the 12
Guttman-style items. In subsequent analyses, one of the Likert-
style items (Likert-style item 12) was found not to fit the statisti-
cal model, so we deleted it from the comparisons, but the corre-
sponding Guttman-style item did fit, so we left it in the
comparisons. Each of the remaining 20 Likert-style ittms maps
to an option for one of the Guttman-style items. To get compara-
ble estimates, we ensured each student in our sample of 863
high school students took both formats of the instrument. We a
randomized the order of the instruments, meaning, some stu-
dents looked at the Likert items first while others looked at the
Guttman items first.

(Appendix continues)
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Figure Al
Mapping Likert-Style Items Into Guttman-Style Items

Likert-Style Items Guttman-Style Items

G1. Which statement about being a researcher best
captures your opinion of yourself?

a) I do not consider myself a researcher.

b) I probably do not consider myself a researcher.

1. I am beginning to consider myself a researcher. c) I am beginning to consider myself a student
researcher.

2.1 consider myself a researcher. d) I consider myself a student researcher.

3. I consider myself to be a professional researcher. e) I consider myself to be a professional researcher.

G2. Which statement below best describes your skills
to do research?

a) I do not have the skills to do research.

b) I’m interested in gaining research skills.

4. T have the basic skills to help do research. c¢) I have the basic skills to help do research.

5. I have the skills to help do research. d) I have the skills to conduct research with a little help
from others.

6. I have the skills to conduct research on my own. e) I have the skills to conduct research on my own.

G3. Which statement below best captures your identity
as a researcher?
a) Being a researcher is not a part of who I am.
b) I am not sure if being a researcher is a part of my
identity.
c) Being a researcher might be a small part of my
identity.
d) Being a researcher is a part of my identity.

7. The researcher part of my identity is important to ¢) Being a researcher is a big part of my identity.

me.

G4. Which statement best describes you?
a) I don’t consider myself a part of a research
community.
b) I am beginning to feel like a part of a research
community.

8. I am a member of a research community ¢) I am a small part of a research community.

9.1 am a part of a group of researchers. d) I am a part of a research community.

10. T am an important part of a group of researchers e) I am an important part of a research community.

G5. Which statement best describes your interest in
research?

a) I do not have an interest in doing research that helps
my community.

b) I am slightly interested in doing research that helps
my community.

¢) I might be interested in doing research that helps my
community.
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Figure A1 (continued)

11. A career in research would be a good way for me to  d) I would be interested in doing research that helps my
help people. community.
e) [ am definitely interested in doing research that
helps my community.

G6. Which statement best describes your level of
comfort in communicating with researchers?
a) I am uncomfortable speaking to experienced
researchers right now.
b) I hesitate to speak to researchers that have more
experience than me.
¢) I am learning how to communicate with researchers
that have more experience than me.
12. I am comfortable talking with more experienced d) I am comfortable talking to researchers that have
researchers. more experience than me.
e) I can speak with confidence to researchers that have
more experience than me.

y.

G7. Which statement best describes your interest in
contributing to society?
a) I do not have desire to contribute to society
through research.
b) I have an interest in contributing to society through
research.
c¢) I have a desire to make some contribution to
society through research.
d) I have a desire to make a meaningful contribution to
society through research.
13.1 have a strong desire to make a meaningful e) I have a strong desire to make a meaningful
contribution to society through research. contribution to society through research.

%
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G8. Which statement best describes your level of skill?
a) I have no research skills.
¢) I can research issues with a lot of help.
¢) I can research issues with some help.
d) I can research issues with very little help.
14. 1 can research issues independently. e) I can research issues independently.

personal use of the individual user and is not to be disseminated broadl

G9. Which statement best describes your level of
researcher voice? We describe researcher voice as the
extent to which you feel empowered to speak about
your research.

a) I do not want to have a researcher voice.

b) I do not have a researcher voice now but I would
like to develop one.

c) I can use my researcher voice to guide discussions.
d) I am developing a strong researcher voice.

e) I have a strong researcher voice.

yrighted by the American Psychological Association or one of its

This document is cop
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G10. Which statement best describes your future
plans?

a) I do not plan to pursue research in the future.
b) I do not know if doing research is in my future.

(figure continues on next page)
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Figure A1 (continued)

15. I plan to get a research-related degree in college.

c) I am not sure if a research-related degree is right for
me.

d) I might get a research-related degree in college.

e) I plan to get a research-related degree in college.

16. I think research is interesting.
17. 1 think that research is an exciting field of study.
18. I think research is an engaging field of study.

G11. Which statement best describes your interest in
research?

a) | think research is boring.

b) I think research is a little interesting.

c) I think research can be interesting at times.

d) I think research is very interesting.

e) I think research is an engaging field of study.

19. 1 think a career in research maybe a good fit for me.

20. I think a career in research could fit into my career
plans.

21. A career in research would be a great choice for
me.

G12. Which statement best describes your interest in a
research career?

a) A career in research would not be a good fit for me.
b) I am not sure if I am interested in research as a
career.

¢) I might have an interest in research as a career.

d) A career in research could be a good fit for me.

e) A career in research would be a great fit for me.
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