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Abstract

Zhang and Savalei proposed an alternative scale format to the Likert format, called
the Expanded format. In this format, response options are presented in complete
sentences, which can reduce acquiescence bias and method effects. The goal of the
current study was to compare the psychometric properties of the Rosenberg Self-
Esteem Scale (RSES) in the Expanded format and in two other alternative formats,
relative to several versions of the traditional Likert format. We conducted two stud-
ies to compare the psychometric properties of the RSES across the different formats.
We found that compared with the Likert format, the alternative formats tend to have
a unidimensional factor structure, less response inconsistency, and comparable valid-
ity. In addition, we found that the Expanded format resulted in the best factor struc-
ture among the three alternative formats. Researchers should consider the Expanded
format, especially when creating short psychological scales such as the RSES.
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The Likert format with disagree–agree response options is the most popular scale

format used in psychological scales. A Likert scale item typically involves asking

participants how much they agree with a statement regarding their attitude or beha-

vior. The response options usually range from ‘‘strongly disagree’’ to ‘‘strongly

agree.’’ Our study focuses on one of the most widely used Likert scales in psychol-

ogy, the Rosenberg Self-Esteem Scale (RSES; Rosenberg, 1989), which was designed

to be a unidimensional scale measuring global self-esteem.

Despite their popularity, Likert scales with disagree–agree options, such as the

RSES, have faced many criticisms (e.g., Cabooter et al., 2016; Lindwall et al., 2012;

Saris et al., 2010). There are generally two types of issues that have been associated

with the Likert format. The first centers around the use of disagree–agree response

options, pointing out that such response options are often ambiguous and open to

many interpretations (e.g., Fowler & Fowler, 1995; Javeline, 1999; Saris et al., 2010).

According to Saris et al. (2010), to respond to a Likert item with disagree–agree

options, participants first need to identity the ‘‘variable’’ in the item’s statement,

which is a key word or phrase in the item that participants can imagine varies across

the disagree–agree options and use to guide themselves to pick one of the options.

For example, for the RSES item ‘‘I certainly feel useless at times,’’ the variable in

the item may be the frequency of ‘‘feeling useless.’’ Having identified this variable,

participants can then access how much they endorse the variable (e.g., how frequently

they think they feel useless), and finally translate their assessment onto the disagree–

agree options. However, different participants may identify different variables in the

same item, and thus translate the variable into the disagree–agree options differently.

For the above RSES item, the variable can also be the degree, rather than the fre-

quency, of ‘‘feeling useless.’’ Given the different choices of the variable, when parti-

cipants pick the ‘‘slightly disagree’’ option, they may mean that they feel useful at

times (as opposed to ‘‘useless’’) or they may mean they feel useless most of the time

(as opposed to ‘‘at times’’). These differences in the interpretation of the response

options may increase measurement error, lowering the scale’s reliability, or introduce

systematic bias, lowering validity.

The second type of issues with the Likert format has to do with the negatively

worded (NW; a.k.a., reverse-worded) items used in the Likert format. NW items are

Likert items where agreement with the items indicates low endorsement of the con-

struct being measured, and they are commonly included in scales. The aforemen-

tioned RSES item, ‘‘I certainly feel useless at times,’’ is a NW item. In contrast,

positively worded (PW) items are those where agreement indicates high endorsement

of the construct. The main rationale of including both PW and NW items is to con-

trol for acquiescence bias, which is the tendency of participants to agree with a state-

ment regardless of its content (Ray, 1983). For a balanced scale (i.e., a scale with an

equal number of PW and NW items), acquiescence bias present in each item will

tend to be canceled out when the item scores are added together, so that the partici-

pant’s total score will be unaffected by the acquiescence bias.1 However, many

researchers have raised doubts about the wisdom of including NW items (e.g.,
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Lindwall et al., 2012; Savalei & Falk, 2014; Van Sonderen et al., 2013). Although

NW items may control for the acquiescence bias in the total score, this bias, which is

assumed to vary across people, can still affect the covariance structure of the items,

which in turn affects statistical analyses that are based on the covariances, such as

factor analyses (Savalei & Falk, 2014). In addition, the constant switching between

PW and NW items may cause confusion and elicit erroneous responses from some

participants (Swain et al., 2008; Zhang et al., 2019). Particularly, many NW items

(e.g., ‘‘I feel I do not have much to be proud of’’ from the RSES) are created by add-

ing negative participles such as ‘‘not’’ or ‘‘no’’ and participants may accidentally

skip these negative participles when reading the items. All these issues associated

with NW items, especially careless responding and confusion, are thought to be the

reasons behind the emergence of method factors when data from a Likert scale are

subjected to factor analyses. Indeed, Schmitt and Stuits (1985) and C. M. Woods

(2006), using simulation studies, showed that for a scale that has an underlying unidi-

mensional structure, if at least 10% of participants respond carelessly to NW items, a

clearly identifiable method factor may emerge and the one-factor model is likely to

be rejected. This kind of method factors is common in Likert scales with NW items,

and they artificially increase the dimensionality of the scale from what was theoreti-

cally intended.

The RSES is one popular psychological scale whose factor structure is known to

be affected by the inclusion of NW items. In fact, over the past four decades, the fac-

tor structure of the RSES has been heavily debated. This debate originates from the

finding that under exploratory factor analyses (EFAs), two factors often emerge, with

all PW RSES items loading on one factor and all NW RSES items loading on the

other factor (e.g., Hensley & Roberts, 1976). This finding has led early researchers

(e.g., Carmines & Zeller, 1979; Hensley & Roberts, 1976) to posit that the RSES

actually measures two related but separate constructs, positive self-esteem and nega-

tive self-esteem, even though the RSES was originally designed to be unidimen-

sional. However, in recent decades, an increasing number of researchers have argued

that the two-factor structure emerging from the EFAs is an artifact that has arisen

due to the inclusion of NW items (e.g., Greenberger et al., 2003; Lindwall et al.,

2012; Marsh, 1996). These researchers found that a confirmatory factor analysis

(CFA) model with one substantive factor (self-esteem) and a method factor corre-

sponding to the NW items yields a very good statistical fit to data from the RSES

(e.g., Lindwall et al., 2012; Marsh, 1996; McKay et al., 2014). Similar debates

regarding whether NW items affect the factor structure have also occurred around

other Likert scales, such as Need for Cognition (e.g., Zhang et al., 2016), Loneliness

Questionnaire (e.g., Ebesutani et al., 2012), Perceived Stress Scale (e.g., Cole et al.,

2019), and Material Values Scale (e.g, Wong et al., 2003). As we have explained in

the previous paragraph, such method factors in Likert scales are usually thought to

be caused by confusion and careless responding toward NW items (e.g., Schmitt &

Stuits, 1985; C. M. Woods, 2006).
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To account for the method effect of NW items, researchers proposed a number of

CFA models including the aforementioned model with a method factor, which is a

type of bifactor model, as well as a model with a series of correlated residuals for

NW items (e.g., Lindwall et al., 2012; Marsh, 1996). However, this is not the ideal

approach to deal with the issues associated with NW items for several reasons. First,

it is unclear which of these proposed models is the best model; often, several models

can yield similar fit and other psychometric properties (e.g., Lindwall et al., 2012;

Marsh, 1996). Second, these models are more complex than the theoretical structure

of the scale, so that it is more difficult to work with them; for example, reliability

computations become harder, and the resulting observed composite, if used, will not

be free of method effect contamination. Third, although these models can account

for the method effect of NW items, they do not simultaneously account for the

acquiescence bias present in the covariance structure (Savalei & Falk, 2014). Finally,

resorting to one of these models leaves open the question as to whether the multidi-

mensionality is due to the method effect of NW items or due to the construct itself,

that is, it does not help resolve the debate about the theoretical structure of a con-

struct such as self-esteem.

As a result, some researchers advocated simply removing NW items and creating

Likert scales with only positive items (e.g., Cole et al., 2019; Ebesutani et al., 2012;

Greenberger et al., 2003; Van Sonderen et al., 2013; Zhang et al., 2016). Several

studies (e.g., Dueber et al., 2021; Greenberger et al., 2003; Zhang et al., 2016) have

shown that when a balanced scale is changed to a scale with all PW items, the scale’s

factor structure becomes more consistent with the theoretical factor structure; in most

cases, the scale becomes unidimensional. However, eliminating NW items cannot

solve the other problems associated with the Likert format. First, eliminating NW

items does not remove acquiescence bias, and when all items are PW, this bias will

now affect sum scores as well. Second, the problems resulting from the ambiguity of

Likert items (i.e., what is ‘‘variable’’ in the text of each item) still remain as long as

disagree–agree response options are used.

To alleviate both the problem associated with NW items and the problem related

to the ambiguity of Likert items, several researchers (e.g., Höhne et al., 2018; Saris

et al., 2010; Schuman & Presser, 1981; Wong et al., 2003; Zhang et al., 2019; Zhang

& Savalei, 2016b) have advocated for alternative scale formats. In this article, we

examine three alternative formats that have been proposed to reduce problems asso-

ciated with the Likert format. The first alternative format is the Expanded format,

which involves expanding out the disagree–agree options in the Likert format to

options written in full sentences (hence the name, coined by Zhang & Savalei,

2016b). An example of an item in the Expanded format is shown in Table 1 under

‘‘Alternative Format Versions.’’ The Expanded format is similar to the forced-choice

format (e.g., Javeline, 1999; Schuman & Presser, 1981), which asks the respondents

to choose between two substantive response options written in full sentences, and it

has been used in clinical scales such as Beck Depression Inventory for measuring
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Table 1. Example Items for All Six Versions of the RSES.

Item number (item direction) Likert format versions

Original
Item 2 (PW) I feel I have a number of good qualities.

s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Item 3 (NW) All in all, I am inclined to feel that I am a failure.
s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Revised-B
Item 2 (PW) I feel I have many good qualities.

s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Item 3 (NW) All in all, I feel I am somewhat a failure.
s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Revised-U
Item 2 (PW) I feel I have many good qualities

s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Item 3 (PW) All in all, I feel I am somewhat a success.
s Disagree strongly
s Disagree a little
s Neither agree nor disagree
s Agree a little
s Agree strongly

Alternative format versions

Expanded
Item 2 s I feel I have almost no good qualities.

s I feel I have a few good qualities.
s I feel I have some good qualities.
s I feel I have many good qualities.
s I feel I have a great many good qualities.

(continued)
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depression symptoms (BDI; Beck et al., 1996) and Bipolar Inventory of Symptoms

Scale for measuring bipolar disorder symptoms (Bowden et al., 2007).

The Expanded format has several advantages over the Likert format (Zhang &

Savalei, 2016b). First, the Expanded format replaces the ambiguous disagree–agree

options with more specific response options tailored to each item. The more concrete

nature of the response options reduces the ambiguity in the interpretation of the item.

Second, by getting rid of the disagree–agree options, the acquiescence bias is theore-

tically removed because the items do not involve participants agreeing with any

statement, thus eliminating the concerns of acquiescence bias affecting the total score

and the covariance structure of the scale. Finally, the items in the Expanded format

do not have direction, each item having both PW and NW versions presented as

response options. For example, for the Expanded version of Item 2 in Table 1, the

first two options can be considered as the NW versions of the item, whereas the latter

Table 1. (continued)

Item number (item direction) Alternative format versions

Item 3 s All in all, I feel I am very much a failure.
s All in all, I feel I am somewhat a failure.
s All in all, I feel I am neither a failure nor a success.
s All in all, I feel I am somewhat a success.
s All in all, I feel I am very much a success.

Item-Specific-F
Item 2 How many good qualities do you feel you have?

s Almost none
s Few
s Some
s Many
s A great many

Item 3 All in all, how much a failure/success do you feel you are?
s Very much a failure.
s Somewhat a failure.
s Neither a failure nor a success.
s Somewhat a success.
s Very much a success.

Item-Specific-L
Item 2 How many good qualities do you feel you have?

s s s s s

Almost none . . . . . . . . . . . . . . . . . . . A great many
Item 3 All in all, how much a failure/success do you feel you are?

s s s s s

Very much a failure . . . . . . . . . . . . . . Very much a success

Note. The hollow circles represent the online screen buttons for selecting response options. The item

number is based on the order of the item in each version. RSES = Rosenberg Self-Esteem Scale; PW =

positively worded; NW = negatively worded.
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three options can be considered as the PW versions. This means that across the items,

there is no switching between PW and NW, thus reducing the effects of confusion

and careless responding, which, as previously mentioned, are the possible causes of

method effects. Indeed, Zhang and Savalei’s (2016b) original research on the

Expanded format showed that relative to the Likert format, the RSES and BDI in the

Expanded format yielded factor structures that were more consistent with the theore-

tically expected structure, and their follow-up research (Zhang et al., 2019) showed

that the same was true for the Big Five Inventory (BFI; John et al., 2008). Kam

(2020) investigated the Life Orientation Test–Revised (LOT-R; Scheier et al., 1994)

in the Expanded format and found that relative to the Likert format, the Expanded

format resulted in a more consistent response pattern (e.g., participants who indicate

higher optimism in one LOT-R item also tend to indicate high optimism in another

item).

We note that although the Expanded format eliminates the method effect of NW

items (because Expanded items do not have directions), it may still be affected by

order effect, which is the tendency of participants to pick either the first or the last

option when presented with more than two options. However, it is important to real-

ize that the Likert format may also be affected by order effects because the disagree–

agree options in the Likert format can also be ordered in different ways. Fortunately,

previous research showed that the order effect is not very pronounced in either the

Likert or the Expanded format. Specifically, for the Likert format, previous studies

found that changing the order of the response options across all items did not affect

the scale mean difference, item-level distribution (i.e., distribution of the number of

the participants picking each response option), and factor structure of the scale (e.g.,

Robie et al., 2022; Weng & Cheng, 2000), but randomizing the response options for

each item affected the careless responding (Robie et al., 2022). For the Expanded for-

mat, Zhang and Savalei (2016b) found that changing the order of the response options

did not affect the item-level distribution and the factor structure of the scale.

In addition to the Expanded format, there are two other alternative formats, we

will examine in our research. We will refer to these two alternative formats as Item-

Specific formats. The Item-Specific formats combine features from the Expanded for-

mat and from the Likert format (see Table 1 for example items). Like the Expanded

format, the response options in these formats are specific and tailored to each item

(hence the name, coined by Saris et al., 2010). Like the Likert format, these response

options are words or short phrases that can be viewed as anchor labels, but they are

no longer on the disagree–agree continuum. Unlike the Likert format, the item stem

in the Item-Specific formats is framed as a question. The item stem is written in such

a way as to remove the distinction between PW and NW items (e.g., see the examples

in Table 1). The only difference between the two Item-Specific formats is that in one

version, all options have anchor labels, and in the other, only the first and last

response options have anchor labels (see Table 1 for examples). Therefore, in this

article, we will call these formats Item-Specific-Full (Item-Specific-F) and Item-

Specific-Light (Item-Specific-L), respectively. We note that in some articles (e.g.,
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Cabooter et al., 2016; Tzeng et al., 1991; S. A. Woods & Hampson, 2005), research-

ers refer to the Item-Specific-L format as the bipolar format, contrasting it with the

Likert format, which is considered unipolar because each item contains only one

statement that is either PW or NW. In other articles (e.g., Moschis et al., 2011; Wong

et al., 2003), this format is referred to as the interrogative format, emphasizing the

fact that each item is framed as a question as opposed to a declarative sentence.

As the Item-Specific and the Expanded formats share many features, such as more

specific response options and the removal of the distinction between PW and NW

items, they share the same theoretical advantages (e.g., reducing item ambiguity,

method effects, and acquiescence bias) over the Likert format. Previous research

found that relative to the Likert format, the Item-Specific-F format yielded better

response quality (as measured by more cognitive effort and less order effect; Höhne

et al., 2018; Höhne & Krebs, 2018), and had higher or similar validity and reliability

(Höhne et al., 2018; Lelkes & Weiss, 2015; Saris et al., 2010). Similarly, previous

research on the Item-Specific-L format found that it tends to yield better factor struc-

ture and similar or higher reliability when compared with the Likert format (e.g.,

Tzeng et al., 1991; Wong et al., 2003).

In summary, the alternative formats (Expanded, Item-Specific-F, and Item-

Specific-L) share characteristics that should theoretically minimize the problems

associated with the Likert format. Specifically, they do not involve NW items and

have response options that are more specific than the disagree–agree options in the

Likert format. The alternative formats differ in the degree of specificity of the

response options. The Expanded format has the most specific response options,

which are written in full sentences, followed by the Item-Specific-F format, the

response options of which are words or short phrases. The Item-Specific-L format

has the least specific response options because the labels for the middle response

options are omitted. The main advantage of having specific response options is that

the item content becomes more concrete, making it easier for participants to compre-

hend the item and pick the option suitable for them. However, the price of specificity

is that the Expanded format is the most laborious and time-consuming, in terms of

both creating the items (for the researcher) and responding to the items (for the parti-

cipants). Past research exists that has compared each alternative format with the

Likert format; however, no research exists that has compared all three alternative for-

mats with each other and with the Likert format for any scale.

The current research addresses this gap in the literature by comparing the psycho-

metric properties of the RSES scale across the Likert and the three alternative for-

mats. We mainly aim to replicate the results that show the benefits of the three

alternative formats over the Likert format and to investigate whether the benefits of

the alternative formats are affected by the specificity of the response options.

We have included six versions of the RSES. The six versions consist of three

Likert format versions and three alternative format versions. The three Likert format

versions are Original, Revised-Balanced (Revised-B), and Revised-Unbalanced

(Revised-U); the three alternative versions are Expanded, Item-Specific-F, and Item-
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Specific-L. The Original and Revised-B versions contain half PW and half NW

items, whereas the Revised-U version contains all PW items. The Revised-B and

Revised-U versions are Likert format versions based on the item content of the

Original version but with different wording for some items, designed to better match

the item stems for the alternative formats (see the next section for details). Our

research focuses on comparing across the Revised-B, Revised-U, Expanded, Item-

Specific-F, and Item-Specific-L versions, where item wordings are controlled for

(i.e., excluding the Original Likert format, which is included for reference).

We conducted two studies to compare the different versions of RSES. Study 2 is a

replication of Study 1’s major findings with a large sample (see Study 2 for details).

In both studies, we compared the factor structure and response inconsistency across

the scale versions. In Study 1, we also compared validity correlations by examining

the correlation between self-report and peer-report of the RSES total scores (i.e.,

assessing self-other agreement) and the correlation between the RSES total score and

the total score on the Narcissistic Personality Inventory (NPI; Raskin & Terry, 1988)

(i.e., assessing convergent validity). The NPI is a 40-item scale designed to measure

narcissism as a normal personality trait. Previous studies showed that NPI is moder-

ately correlated with the RSES, the correlation coefficient typically ranging from .25

to .40 (e.g., Brown & Zeigler-Hill, 2004; Campbell et al., 2002; Falk et al., 2015; Ng

et al., 2014).

We have three hypotheses for our studies. The first hypothesis is that the Revised-

U Likert version and the three alternative format versions are more likely to have a

unidimensional factor structure than the Revised-B version, due to the removal of the

NW items. Second, because the alternative formats reduce item ambiguity, careless

responding, method effects, and acquiescence bias, we expect the alternative format

versions to have higher validity correlations than the Revised-B and Revised-U ver-

sions. Finally, we aim to replicate Kam’s (2020) finding that the Expanded format

has less response inconsistency than the Likert format, using two indices of inconsis-

tency that they created, and we also expect that the other two alternative formats will

have less response inconsistency than the Likert formats.

We have pre-registered the study designs as well as the hypotheses and analyses

for the factor structure and validity of the RSES in both studies (see Methods for

details). We did not pre-register the hypotheses regarding the response inconsistency

analyses based on Kam (2020), because this article was published after our data

collection.

Scale Construction

Table 1 shows one PW and one NW item from the Original Likert version of the

RSES in all six studied formats: (a) Original Likert, (b) Revised-B Likert, (c)

Revised-U Likert, (d) Expanded, (e) Item-Specific-F, and (f) Item-Specific-L. The

complete versions are provided in Supplementary Materials.2
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The Likert versions used a 5-point response scale, ranging from ‘‘strongly dis-

agree’’ to ‘‘strongly agree.’’ The Original and Revised-B versions contain five PW

items (i.e., Items 1, 2, 4, 6, and 7) and five NW items (i.e., Items 3, 5, 8, 9, and 10),

whereas the Revised-U version contains 10 PW items. The Original Likert version is

Rosenberg’s (1989) RSES. Because some of the original RSES items are difficult to

convert to the alternative formats without major changes to the wording or sentence

structure of the items, we created the Revised-B and Revised-U Likert versions where

the items can be more easily converted to the alternative formats (see Table 1 for

examples). Consequently, the three alternative format versions have items that are

worded similarly to those in the Revised Likert versions. For the Expanded version,

the second (or fourth) response option was created to always correspond to the NW

(or PW) item stem in the Revised Likert versions, respectively; the other response

options were created by varying one word or one short phrase of the item. For the

Item-Specific-F and Item-Specific-L versions, each item stem was phrased as a ques-

tion, but was still worded similarly to the Revised Likert and Expanded versions; the

response options were obtained by shortening the response options in the Expanded

version (see Table 1 for examples).

Study 1

Design and Procedure

We recruited participants from the Human Subject Pool (HSP) at the Department of

Psychology of the University of British Columbia (UBC). We obtained ethical

approval for the study from UBC’s Behavioural Research Ethics Board. The study

was conducted online. There were two versions of the online survey. Participants

selected the version they wanted to participate in when they signed up. In both ver-

sions, participants were first randomly assigned to complete the RSES in one of the

six formats. Then, all participants completed the NPI (Raskin & Terry, 1988), fol-

lowed by a demographics questionnaire. For Version 2 of the survey, the demo-

graphics questionnaire was the end of the survey. For Version 1, each participant

was further asked to send emails to two of their friends, inviting them to participate

in a peer-rating survey.3

The peer-rating survey included the Peer-Rating version of the RSES, which

asked the respondents to access the self-esteem of their friends. For example, for the

Original Likert item that says ‘‘I feel I have a number of good qualities,’’ the corre-

sponding peer-rating item is ‘‘Your friend feels he or she has a number of good qua-

lities.’’ The version of the RSES that the peers completed corresponded to one of the

six versions their friend (i.e., the original participant) was randomly assigned to. All

study materials are provided in Supplementary Materials (see footnote 2 for the web-

page link). We have also pre-registered the study design on the Open Science

Framework (OSF) prior to data collection.4
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Participants

A total of 1,909 undergraduate students participated in Study 1; 80.2% were female

and 19.7% were male. The median age was 20 years old. There were 49.9% partici-

pants from East Asian background, 22.8% from European, and 27.3% other. Figure 1

shows a detailed breakdown of the sample size across different survey and scale ver-

sions. Across the two survey versions, 316, 316, 323, 314, 318, and 322 participants

completed the Original, Revised-B, Revised-U, Expanded, Item-Specific-F, and

Item-Specific-L versions of the RSES, respectively.

Analytic Method

Our analyses focused on comparing the factor structure, validity, and response incon-

sistency of the RSES across the different versions.

Figure 1. Sample Size Across Different Survey and Scale Versions.
Note. RSES = Rosenberg Self-Esteem Scale, PR-RSES = Peer Rating RSES.

Zhang et al. 659



Factor Analyses. We conducted both EFAs and CFAs. Parallel analysis was used

to determine the number of factors for EFAs, which was performed using the

fa.parallel function in the psych (version 2.1.9) package (Revelle, 2021) in

R software (R Core Team, 2021). EFAs were conducted using the fa function in the

psych package. The extraction method was least squares (i.e., fm=‘‘minres’’)

followed by an oblimin rotation.

CFAs were conducted using the lavaan package (version 0.6-3) (Rosseel, 2012)

in R. Two models were initially fit to data. Model 1 was a one-factor model with all

items loading on the general self-esteem factor, which is the original theoretical

model for the RSES. Model 2 is a correlated two-factor model, where all PW items

(i.e., Items 1, 2, 4, 6, and 7) in the Original version load on the Factor 1, and all NW

items (i.e., Items 3, 5, 8, 9, and 10) load on Factor 2 (see Figure 1 in Supplementary

Materials for model diagrams). This model has been proposed as an alternative theo-

retical model for the RSES (e.g., Carmines & Zeller, 1979; Hensley & Roberts,

1976; Horan et al., 2003; Lindwall et al., 2012; Tomas & Oliver, 1999). To estimate

the models, we used the maximum likelihood (ML) estimation because items on our

scale had five response options, which has been found sufficient to treat the data as

continuous according to Rhemtulla et al. (2012). To evaluate the fit of the two CFA

models, we used the chi-square test of fit and three approximate fit indices: (a) the

comparative fit index (CFI), with the value of .90 or greater indicating a well-fitting

model (Bentler, 1990); (b) the root mean square error of approximation (RMSEA),

with a value of .08 or less indicating reasonable fit (Browne & Cudeck, 1992); and

(c) the standardized root mean square residual (SRMR), with a value of .05 or less

indicating good fit (Hu & Bentler, 1999).

In addition, because Model 1 is nested within Model 2, we compared the fit of

Model 1 with the fit of Model 2 using the chi-square difference test based on the ML

estimation and the RMSEA value associated with the difference test, which we refer

to as RMSEAD, following Savalei et al. (2021). RMSEAD is interpreted in the same

way as the overall model RMSEA; therefore, a value greater than .08 indicates a sub-

stantial increase in misfit due to the constraints introduced by the more restricted

model (Model 1). In addition to these two models, we used modification indices in

Study 1 to find a modified version of the one-factor model (Model 1A). This model

should be considered exploratory in Study 1, but will be tested again in Study 2.

Validity Analyses. To assess validity, we computed the correlations between the RSES

and NPI and the correlation between self- and peer-ratings of self-esteem. When com-

puting the correlation between self- and peer-ratings, if both friends completed the

peer-rating, we averaged the scores. To compare the validity correlations across the

scale versions, we computed the difference between pairs of correlations and con-

ducted significance tests through computing their confidence intervals using Zou’s

(2007) method.
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Response Inconsistency Analyses. For the response inconsistency analyses, we used the

two indices suggested by Kam (2020) expanded. The first index, the difference

index, is computed by calculating the difference between each participant’s maxi-

mum and minimum item scores across the ten RSES items and then averaging the

difference scores across the participants. For the Original and Revised-B versions,

the difference index was computed after the NW items were reverse-coded. A large

difference index means participants tend to indicate high self-esteem in some items

but low self-esteem in other items, thus higher response inconsistency. The second

index, the inconsistency percentage, is the percentage of participants whose differ-

ence index was 3 or 4 (i.e., those participants who indicated a high level of self-

esteem in some items but indicated a low level of self-esteem in other items). To test

whether the response inconsistency is different between pairwise conditions, we con-

ducted Wilcoxon rank-sum test for the difference index and the Pearson’s x2 test of

proportions for the inconsistency percentage. The Wilcoxon rank-sum test is a non-

parametric version of two-sample independent t-test. We used the rank-sum test

instead of t-test because we cannot assume that the difference index has a normal

distribution. As we conducted many pairwise significance tests, the Bonferroni-cor-

rected a level was used to determine significance.

Results
Descriptive Statistics. Descriptive statistics including item’s means and variances, dis-

tribution of response options, and covariance matrices across the scale versions are

provided in Supplementary Materials. The six versions had similar item means; the

average item means ranged from 3.43 to 3.64 across the six versions. For item var-

iances, the three alternative format versions had consistently smaller variances than

the Likert format versions. For example, the item variances across the Likert versions

ranged from 1.01 to 1.82, whereas the item variances across the alternative formats

ranged from 0.61 to 1.13 (see Supplementary Materials).

We also computed model-based reliability under the one-factor model, which

makes less restrictive assumptions than Cronbach’s alpha (see Raykov, 1997, for

details). Across the scale versions, the model-based reliability coefficients were very

similar. Specifically, they were 0.907, 0.895, 0.918, 0.920, 0.907, and 0.923 for the

Original, Revised-B, Revised-U, Expanded, Item-Specific-L, and Item-Specific-F

versions, respectively.

Factor Analyses
Parallel Analyses and EFA. Figure 2 shows the results of parallel analyses. For the

Likert versions (i.e., Original, Revised-B, and Revised-U), the parallel analyses sug-

gested two factors, but, for the alternative format versions (i.e., Expanded, Item-

Specific-F, and Item-Specific-L), the parallel analyses suggested one factor (see

Figure 2). This pattern of results is generally consistent with our hypotheses that

scales in the alternative formats tend to yield a lower dimensionality than scales in

the Likert format. However, the fact that the results of parallel analysis for the
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Revised-U version are suggestive of a two-factor solution is less consistent with prior

research (e.g., Greenberger et al., 2003; Salazar, 2015; Zhang et al., 2016), which

found that a scale tends to be unidimensional when all items are PW. Our results

showed that simply getting rid of NW items in the RSES does not always lead to a

better and more unidimensional factor structure and the method effect associated

with NW items is not the only reason for the lack of unidimensionality in the RSES

(see ‘‘Discussion’’ section for further explanation).

Next, we conducted EFAs extracting two factors.5 Although the two-factor solu-

tion is not meaningful for the Revised-U and alternative format versions (i.e., formats

with no differentiation between PW and NW items), we extracted two factors across

all scale versions for comparison. Table 2 shows the standardized loadings and factor

correlations for the EFAs. For the Original and Revised-B versions, most PW items

loaded on Factor 1 and most NW items loaded on Factor 2. The Revised-B version

had a cleaner solution based on the item direction. For the Original version, two NW

items (Items 3 and 5) did not load highly on Factor 2.

For the Revised-U version and the alternative format versions, the grouping of

items into factors was based more on the item content. For all alternative format ver-

sions, most items loaded on Factor 1; for the Expanded version, all items loaded very

highly on Factor 1. For the Revised-U Likert version, four items (two PW and two

NW) loaded highly on Factor 2. The content of these four items had similar themes.

In particular, the two PW items (Items 6 and 7) loading on Factor 2 are about having

a positive attitude toward oneself and being satisfied with oneself, respectively. The

two NW items (Items 8 and 10) are about how often one feels useless and how often

one feels ‘‘no good at all.’’ Together, these four items, as pointed out in Tafarodi and

Milne’s (2002) article, are more about how much one is happy with and accepting of

oneself, whereas the other items on the RSES are more about assessing one’s abil-

ities. The Item-Specific-F version also had Items 8 and 10 loaded highly on Factor 2,

suggesting that these items may have correlated uniqueness due to item content.

Regarding the correlation between Factors 1 and 2, two alternative format ver-

sions, Item-Specific-F and Item-Specific-L, had the highest factor correlations (0.71

and 0.77, respectively), followed by the Likert versions (ranging from 0.62 to 0.68).

This pattern of results indicated that the Item-Specific formats yielded a more unidi-

mensional structure than any of the Likert format versions. However, the Expanded

version had a very low factor correlation of 0.14. However, given that no items

loaded highly on Factor 2, this result indicates that the data were overfactored, and

only one factor was needed for describing the structure of the RSES in the Expanded

format. All in all, the results of the parallel analyses and EFAs were generally consis-

tent with our hypothesis that alternative formats are more likely to yield a unidimen-

sional factor structure than the Likert formats.

CFAs. Table 3 shows the standardized loadings for Model 1 (i.e., one-factor

model). Overall, for Model 1, the average loading sizes were quite consistent across

the six scale versions. The Revised-B version had a slightly lower average loading

size (0.67) than other versions (ranging from 0.70 to 0.74). One other notable pattern

Zhang et al. 663



of results was that when the NW items in the Revised-B version (i.e., Items 3, 5, 8,

9, and 10) were changed to the PW items in the Revised-U version, the loading size

can change substantially. For example, Item 5’s loading size changed from 0.44 to

0.75 when the item changed from a NW item in the Revised-B version to a PW item

in the Revised-U version; on the other hand, for the items that remained PW across

the Revised-B and Revised-U versions (i.e., Items 1, 2, 4, 6, and 7), the loading sizes

stayed relatively the same (see Table 3). This pattern of results provides evidence

that the direction of the item (i.e., whether the Likert item is NW or PW) affects its

psychometric properties.

Table 2. Standardized Loadings and Factor Correlations for EFAs in Study 1.

Likert format versions

Original Revised-B Revised-U

Item number (item direction) Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Item 1 (PW) 0.91 –0.15 0.79 –0.02 0.65 0.08
Item 2 (PW) 0.94 –0.23 0.64 0.13 0.78 –0.05
Item 3 (NW) 0.57 0.23 0.12 0.67 0.90 –0.11
Item 4 (PW) 0.69 0.02 0.62 0.09 0.77 –0.07
Item 5 (NW) 0.54 0.11 0.19 0.31 0.83 –0.06
Item 6 (PW) 0.75 0.14 0.30 0.62 0.60 0.32
Item 7 (PW) 0.64 0.21 0.36 0.50 0.55 0.32
Item 8 (NW) –0.03 0.78 –0.03 0.80 –0.03 0.82
Item 9 (NW) 0.14 0.48 0.16 0.54 0.52 0.27
Item 10 (NW) 0.04 0.81 –0.10 0.87 0.07 0.75
Correlation between factors 0.68 0.62 0.64

Alternative format versions

Expanded Item-Specific-F Item-Specific-L

Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Item 1 (PW) 0.81 –0.07 0.53 0.25 0.78 –0.03
Item 2 (PW) 0.78 –0.10 0.52 0.23 0.93 –0.18
Item 3 (NW) 0.74 –0.11 0.79 –0.08 0.67 0.16
Item 4 (PW) 0.73 –0.16 0.46 0.19 0.64 0.07
Item 5 (NW) 0.78 –0.18 0.82 –0.12 0.76 0.02
Item 6 (PW) 0.73 0.17 0.65 0.19 0.66 0.17
Item 7 (PW) 0.79 0.09 0.79 0.03 0.58 0.25
Item 8 (NW) 0.63 0.26 0.03 0.77 0.00 0.75
Item 9 (NW) 0.60 0.14 0.45 0.24 0.55 0.20
Item 10 (NW) 0.65 0.28 0.03 0.79 0.65 0.28
Correlation between factors 0.14 0.71 0.77

Note. The shaded cells indicate the loadings that are greater than 0.3. EFA = exploratory factor analyses;

PW = positively worded; NW = negatively worded.
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Table 4 shows the standardized loadings for Model 2, a two-factor model with

factors formed on the item direction in the Original Likert version. Across all scale

versions, Factor 1 (for PW items) had a slightly higher average loading size than

Factor 2. The Expanded version had, on average, somewhat lower loadings than the

other versions. In terms of the correlation between Factors 1 and 2, the Revised-U

Likert and the three alternative format versions had higher factor correlations than

the Original and Revised-B Likert versions; in fact, these correlations were greater

than 1 (i.e., the estimates were Heywood cases), which is an indication that Model 2

is inappropriate for these versions (in this case, two factors should be collapsed into

one).

Table 5 shows the fit indices for Models 1 and 2 across all scale versions.

Consistent with our hypotheses, Model 1 had a better fit to the three alternative for-

mat versions than to the Likert versions. The Expanded version resulted in the best

fit according the fit indices (see Table 5). The Item-Specific-F and Item-Specific-L

versions also resulted in a good fit according to CFI and SRMR. In contrast, the

Revised-B and Revised-U Likert versions showed a poor fit according to all fit

indices. Interestingly, relative to these Revised-B and Revised-U Likert versions, the

Original Likert version showed a slightly better model fit (e.g., CFI is equal to 0.874

and 0.863 for Revised-B and Revised-U, respectively, but equal to 0.909 for

Original). These results indicate that some items in the Revised-B and Revised-U

versions are not perfectly equivalent to those in the Original version, which is

expected as some items in the Revised-B and Revised-U versions were worded quite

differently relative to the Original version (see Table 1 in Supplementary Materials).

Another interesting finding was that the Revised-U Likert version had a slightly

worse one-factor model fit than the Revised-B Likert version. This pattern of results

Table 3. Standardized CFA Loadings for Model 1 in Study 1.

Likert format versions Alternative format versions

Item number Original Revised-B Revised-U Expanded Item-Specific-F Item-Specific-L

Item 1 0.77 0.60 0.69 0.80 0.73 0.75
Item 2 0.73 0.63 0.71 0.77 0.70 0.76
Item 3 0.74 0.72 0.78 0.73 0.70 0.81
Item 4 0.69 0.59 0.68 0.72 0.61 0.70
Item 5 0.62 0.44 0.75 0.75 0.69 0.78
Item 6 0.86 0.85 0.85 0.76 0.80 0.80
Item 7 0.82 0.80 0.82 0.81 0.80 0.80
Item 8 0.58 0.73 0.59 0.66 0.66 0.62
Item 9 0.52 0.64 0.73 0.63 0.66 0.71
Item 10 0.66 0.72 0.63 0.69 0.67 0.66
Average loading 0.70 0.67 0.72 0.73 0.70 0.74

Note. Items 3, 5, 8, 9, and 10 are NW items in the Original and Revised-B versions. CFA = confirmatory

factor analysis.
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is consistent with our EFA results which showed the Revised-U version tended to be

bi-dimensional; however, as mentioned previously, these results are inconsistent with

the previous research findings (e.g., Greenberger et al., 2003; Zhang et al., 2016) that

the unbalanced Likert scale generally tends to follow the one-factor model more than

the balanced Likert scale.

Table 4 also shows the comparison of fit between Model 1 and Model 2. For the

Original and Revised-B Likert versions, Model 2 was preferred to Model 1.

Table 4. Standardized CFA Loadings for Model 2 in Study 1.

Likert-format versions

Original Revised-B Revised-U

Item number (Item direction) Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Item 1 (PW) 0.78 0.61 0.69
Item 2 (PW) 0.74 0.64 0.71
Item 4 (PW) 0.69 0.60 0.68
Item 6 (PW) 0.87 0.88 0.85
Item 7 (PW) 0.83 0.83 0.81
Item 3 (NW) 0.76 0.76 0.78
Item 5 (NW) 0.62 0.44 0.74
Item 8 (NW) 0.67 0.79 0.58
Item 9 (NW) 0.56 0.65 0.72
Item 10 (NW) 0.75 0.79 0.63
Average loading 0.78 0.67 0.71 0.69 0.75 0.69
Correlation between factors 0.87 0.86 1.01

Alternative format versions

Expanded Item-Specific-F Item-Specific-L

Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Item 1 (PW) 0.68 0.73 0.75
Item 2 (PW) 0.66 0.70 0.76
Item 4 (PW) 0.61 0.61 0.70
Item 6 (PW) 0.71 0.80 0.80
Item 7 (PW) 0.69 0.80 0.80
Item 3 (PW) 0.56 0.70 0.81
Item 5 (NW) 0.66 0.69 0.78
Item 8 (NW) 0.51 0.66 0.62
Item 9 (NW) 0.50 0.66 0.71
Item 10 (NW) 0.58 0.67 0.65
Average loading 0.67 0.56 0.73 0.68 0.76 0.71
Correlation between factors 1.02 1.01 1.02

Note. PW items loaded on Factor 1 and NW items loaded on Factor 2. CFA = confirmatory factor

analysis; PW = positively worded; NW = negatively worded.
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Specifically, the x2 difference tests were significant, and RMSEAD were much

greater than .05 (i.e., 0.375 and 0.434, respectively), indicating a substantial worsen-

ing of fit when the model was changed from Model 2 to Model 1. In contrast, for the

Revised-U Likert version and all three alternative format versions, the fit of Model 2

was very similar to the fit of Model 1 (e.g., non-significant x2 different tests and

RMSEAD close to 0); this suggests that the more complicated two-factor model was

no better at characterizing the structure of these versions than the one-factor model.

Overall, the CFA results are consistent with our hypothesis that data in the

Table 5. CFA Model Fit for Study 1.

Model 1

Scale format x2 (df = 35) RMSEA [90%CI] CFI [90%CI] SRMR

Likert Original 182.045 0.116 [0.100, 0.133] 0.909 [0.878, 0.933] 0.060
Format Revised-B 220.192 0.131 [0.115, 0.148] 0.874 [0.831, 0.904] 0.063
Versions Revised-U 289.684 0.152 [0.136, 0.169] 0.863 [0.823, 0.889] 0.062

Alternative Expanded 106.803 0.081 [0.064, 0.099] 0.958 [0.935, 0.973] 0.038
Format Item-Specific-F 189.523 0.118 [0.102, 0.135] 0.902 [0.849, 0.929] 0.054
Versions Item-Specific-L 179.205 0.115 [0.099, 0.132] 0.923 [0.888, 0.945] 0.050

Model 2

x2 (df = 34) RMSEA [90%CI] CFI [90%CI] SRMR

Likert 137.996 0.099 [0.082, 0.117] 0.936 [0.909, 0.957] 0.053
Format Revised-B 160.994 0.110 [0.093, 0.128] 0.914 [0.875, 0.938] 0.055
Versions Revised-U 288.672 0.155 [0.141, 0.171] 0.863 [0.820, 0.891] 0.067

Alternative Expanded 105.716 0.082 [0.065, 0.100] 0.958 [0.936, 0.973] 0.038
Format Item-Specific-F 189.003 0.120 [0.104, 0.137] 0.902 [0.854, 0.931] 0.054
Versions Item-Specific-L 179.062 0.117 [0.100, 0.134] 0.922 [0.888, 0.945] 0.050

Difference between models 1 and 2

x2 (df = 1) [p-value] RMSEAD [90%CI]

Likert Original 44.05 [p \ 0.001] 0.370 [0.281, 0.467]
Format Revised-B 59.198 [p \ 0.001] 0.435 [0.345, 0.532]
Versions Revised-U 1.013 [p = 0.314] 0.006 [NA, 0.148]

Alternative Expanded 1.086 [p = 0.297] 0.017 [NA, 0.150]
Format Item-Specific-F 0.520 [p = 0.471] 0 [N/A]
Versions Item-Specific-L 0.143 [p = 0.705] 0 [N/A]

Note. The p-values associated with x2 for Models 1 and 2 are .00 across different scale versions. The CI

of RMSEAD cannot be computed when RMSEAD = 0. The CI of CFI is computed based on the method by

Zhang and Savalei (2016a). CFA = confirmatory factor analysis; RMSEA = root mean square error of

approximation; CI = confidence interval; CFI = comparative fit index; SRMR = standardized root mean

square residual.
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alternative formats are more likely to be unidimensional than data in the Likert for-

mats. However, one finding inconsistent with our hypotheses was that the unba-

lanced Likert version (i.e., the Revised-U version) resulted in a worse one-factor

model fit than the balanced Likert version (i.e., the Revised-B version).

Modification Indices and Alternative Model. Although the patterns of the CFA results

were generally consistent with our hypothesis, one problem was that the one-factor

model (i.e., Model 1) did not fit the data from any of the scale versions by the

RMSEA. Therefore, we examined the top five modification indices of Model 1 to

explore a potential alternative model. Table 6 shows the top five recommended mod-

ifications across the scale versions. Although some recommended modification var-

ied across the scale conditions, possibly due to random sampling fluctuations, other

modifications appeared across all scale versions. One recommended modification

that appeared across the scale versions was the correlated residual between Items 8

and 10, which is the top recommended modification in five of the six versions. This

is consistent with the EFAs results, which revealed that Items 8 and 10 often loaded

on a separate factor due to the similarity in the item content.

Based on the results of the modification indices, we proposed Model 1A, where

we added a correlated residual between Items 8 and 10 to Model 1 (see

Supplementary Materials Figure 1 for the model diagram). The fit of Model 1A is

provided in Table 7; the standardized loadings and correlated residuals are provided

in Supplementary Materials. Across all scale versions, the standardized loadings for

Table 6. Top Five Modification Indices in Ascending Order for Model 1 in Study 1.

Likert format versions
Original Revised-B Revised-U

Correlated residuals
between Items

Correlated residuals
between Items

Correlated residuals
between Items

� 8 and 10 � 6 and 7 � 8 and 10
� 1 and 2 � 1 and 2 � 6 and 7
� 6 and 7 � 1 and 4 � 3 and 5
� 2 and 8 � 8 and 10 � 3 and 4
� 9 and 10 � 5 and 6 � 2 and 7

Alternative format versions
Expanded Item-Specific-F Item-Specific-L

Correlated residuals
between Items

Correlated residuals
between Items

Correlated residuals
between Items

� 8 and 10 � 8 and 10 � 8 and 10
� 1 and 2 � 6 and 7 � 1 and 2
� 1 and 7 � 1 and 2 � 3 and 4
� 6 and 7 � 3 and 9 � 6 and 9
� 5 and 10 � 2 and 7 � 3 and 9
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Model 1A were high and very similar to those for Model 1, and the size of the corre-

lated residual between Items 8 and 10 was moderate, ranging from .30 to .45 (see

Table 17 in Supplementary Materials). Across all scale versions, the fit of Model 1A

was much better than the fit of Model 1. For the Expanded version, Model 1A

achieved a good fit according to all fit indices (see Table 7). Interestingly, for the

Original and Revised-B Likert versions, the fit of Model 1A was comparable to that

of Model 2 (see Tables 5 and 7), indicating that the improvement in the fit of Model

2 may be mainly driven by the correlation between Items 8 and 10. Model 1A will

be tested on a new dataset in Study 2.

Validity Analyses. Table 8 shows the results of the validity analyses. The top panel of

Table 7 shows the values for the correlation between the NPI and RSES as well as

the correlation between self- and peer-ratings on the RSES. The bottom panel of

Table 8 shows the results for comparing the correlations between Revised-B Likert

and each of the alternative format versions.

Across the scale versions, NPI and peer-rating’s correlations with the self-rating of

RSES were generally moderate, with values ranging from .24 to .45. Relative to the

Revised-B Likert version, the Revised-U Likert and the three alternative format

Table 7. Fit of Model 1A in Study 1.

Model 1A

Scale format x2 (df = 34) RMSEA [90%CI] CFI [90%CI] SRMR

Likert Original 118.367 0.089 [0.072, 0.107] 0.948 [0.922, 0.966] 0.046
Format Revised-B 192.526 0.123 [0.106, 0.140] 0.892 [0.852, 0.921] 0.060
Versions Revised-U 209.118 0.128 [0.112, 0.145] 0.906 [0.870, 0.927] 0.053

Alternative Expanded 80.595 0.066 [0.048, 0.085] 0.973 [0.953, 0.985] 0.032
Format Item-Specific-F 137.941 0.099 [0.082, 0.116] 0.934 [0.890, 0.955] 0.046
Versions Item-Specific-L 128.787 0.095 [0.078, 0.112] 0.949 [0.919, 0.968] 0.039

Difference between Model 1 and Model 1A

x2 (df = 1) RMSEAD [90%CI]

Likert Original 63.679 0.446 [0.357, 0.542]
Format Revised-B 27.667 0.291 [0.204, 0.389]
Versions Revised-U 80.566 0.497 [0.409, 0.592]

Alternative Expanded 26.207 0.284 [0.196, 0.382]
Format Item-Specific-F 51.582 0.399 [0.311, 0.496]
Versions Item-Specific-L 50.418 0.392 [0.305, 0.488]

Note. The p-values associated with x2 test of fit and x2 difference test are .00 across the six scale

versions. The CI of CFI is computed based on the method by Zhang and Savalei (2016a). RMSEA = root

mean square error of approximation; CI = confidence interval; CFI = comparative fit index;

SRMR = standardized root mean square residual.
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versions had slightly higher validity correlations; however, the differences between

conditions were generally not significant except for the difference between the

Revised-B and Item-Specific-F versions. Therefore, overall, the different versions

showed similar validity correlations. This result did not completely match our expec-

tation that the alternative formats may result in higher correlations than the Likert for-

mat due to a possible reduction in measurement error.

Response Inconsistency. Table 9 shows the results from the response inconsistency

analyses based on Kam (2020). The upper panel of Table 9 shows the values for two

response inconsistency indices; the bottom panel shows the selected results for com-

paring the indices between conditions (see Table 20 in the Supplementary Materials

for complete results).

Overall, consistent with our hypothesis, the three alternative format versions had

less response inconsistency than the Likert format versions. Particularly, the incon-

sistency percentages for the Likert format versions ranged from 31% to 61%; that is,

31% to 61% of the participants indicated high self-esteem in some items but indi-

cated low self-esteem in other items. However, for the alternative format versions,

the inconsistency percentages ranged from 8% to 12%. The Expanded version had

the lowest response inconsistency with an inconsistency percentage of 8%. The dif-

ferences in response inconsistency between the Revised-B Likert and each of the

alternative format versions were highly significant, whereas the differences among

the alternative format versions were not significant (see Table 9 and Supplementary

Materials).

Table 8. Validity Analyses for Study 1.

Correlation

Scale format NPI [95% CI] (sample size) Peer-rating [95% CI] (sample size)

Likert Original 0.345 [0.293, 0.396] (n = 316) 0.505 [0.320, 0.653] (n = 79)
Format Revised-B 0.238 [0.240, 0.343] (n = 316) 0.256 [0.037, 0.452] (n = 79)
Versions Revised-U 0.327 [0.222, 0.424] (n = 324) 0.485 [0.272, 0.612] (n = 85)

Alternative Expanded 0.380 [0.277, 0.474] (n = 314) 0.435 [0.306, 0.630] (n = 88)
Format Item-Specific-F 0.439 [0.344, 0.526] (n = 318) 0.382 [0.175, 0.557] (n = 78)
Versions Item-Specific-L 0.327 [0.222, 0.474] (n = 322) 0.435 [0.232, 0.601] (n = 76)

Comparing correlations between conditions

NPI [95% CI] Peer-rating [95% CI]

Revised-B vs. Expanded CD = .142 [–0.006, 0.289] CD = .229 [–0.036, 0.492]
Revised-B vs. Item-Specific-F CD = .202 [0.059, 0.343] CD = .126 [–0.159, 0.407]
Revised-B vs. Item-Specific-L CD = .089 [–0.060, 0.238] CD = .179 [–0.103, 0.454]

Note. NPI = Narcissistic Personality Inventory; CI = confidence interval; CD = correlation difference.
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In summary, the results of Study 1 were generally consistent with our hypotheses.

The RSES in the alternative formats had better factor structures and less response

inconsistency when compared with the RSES in the Likert formats. The results of

validity analyses did not fully support our hypotheses; that is, the RSES in the alter-

native formats did not have higher convergent validity correlations than the RSES in

the Likert formats although they were comparable in size.

Study 2

Design, Participants, and Analytic Method

Data for Study 2 were collected as part of the online pre-screening questionnaire

offered through UBC Psychology’s HSP.6 Participating in the pre-screening question-

naire in the HSP system allowed us to collect data from all students in the HSP and

thus replicate the main findings of Study 1 with a very large sample. However, the

HSP system did not allow us to randomize the conditions nor to include more than 20

items during each school term. As a result of these limitations, we collected data over

three consecutive school terms. For each school term, participants completed one

alternative format version at the beginning of the pre-screening study and one Likert

format version at the end of the study.7 We pre-registered this study design prior to

Table 9. Response Inconsistency for Study 1.

Response inconsistency indices

Scale format Difference index Inconsistency percentage

Likert Original 2.612 60.9%
Format Revised-B 2.179 37.0%
Versions Revised-U 1.955 31.3%

Alternative Expanded 1.595 8.0%
Format Item-Specific-F 1.702 12.8%
Versions Item-Specific-L 1.670 11.7%

Comparing response inconsistency indices
Between conditions

Difference index
(Wilcoxon

rank-sum Test)

Inconsistency percentage
(Pearson’s x2 test
of proportions)

Revised-B Likert vs. Expanded z = 7:69, p\:0001 x2 = 72:95, p\:0001
Revised-B Likert vs. Item-Specific-F z = 6:66, p\:0001 x2 = 52:78, p\:0001
Expanded vs. Item-Specific-F z = 1:10, p = :27 x2 = 2:01, p = :16
Expanded vs. Item-Specific-L z = 1:93, p = :053 x2 = 3:32, p = :07

Note. The Bonferroni-corrected a level is .0017. In other words, a p-value smaller than .0017 should be

considered significant.
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data collection.8 In the first term, the Item-Specific-F version was at the beginning of

the study and the Original Likert version at the end. In the second term, the Expanded

version was at the beginning and the Revised-B Likert version at the end. In the final

term, the Item-Specific-L version was at the beginning and the Revised-U Likert ver-

sion at the end. A total of 6,332 undergraduate students participated in Study 2 over

the three terms (1,018, 3,996, and 1,318 for each term, respectively). Of all partici-

pants, 73.7% were female and 26.3% male. The median age was 20 years old. There

were 38.7% from East Asian background, 22.1% from European background, and

39.2% others.

The analysis in Study 2 was largely the same as in Study 1, with three main dif-

ferences. First, in Study 2, we tested Model 1A, which was developed using Model

1’s modification indices in Study 1. Second, because the pre-screening study did not

allow us to include any criterion measures or peer-rating component, the validity

analyses were not included in Study 2. Finally, because Study 2 had both within- and

between-groups design, the significance tests for comparing response inconsistency

across conditions were conducted using either the paired or unpaired version of the

tests. Specifically, for between-group comparisons, we used the Pearson’s x2 test of

proportion and the unpaired version of Wilcoxon rank-sum test; for within-group

comparisons, we used McNemar’s x2 test of proportion and the paired version of

Wilcoxon rank-sum test.

Results
Descriptive Statistics. The descriptive statistics of Study 2 were very similar to those

of Study 1 (see Supplementary Materials). Similar to Study 1, the average item means

in Study 2 were similar across the scale versions, ranging from 3.32 to 3.62; on the

other hand, the average item variances of the alternative format versions (ranging

from 0.76 to 1.02) were slightly smaller than those of the Likert versions (ranging

from 1.12 to 1.25). The one-factor model-based reliability were again similar across

the scale versions. Specifically, the reliability coefficients were 0.907, 0.910, 0.911,

0.927, 0.921, and 0.943 for the Original, Revised-B, Revised-U, Expanded, Item-

Specific-L, and Item-Specific-F versions, respectively.

Factor Analyses and Response Inconsistency Analyses. Parallel analyses and EFAs results

for Study 2 are provided in Supplementary Materials. The results were highly similar

to those for Study 1. Parallel analyses again suggested that the alternative format ver-

sions had one factor, but the Likert format versions had two factors (see Figure 2 in

the Supplementary Materials). When two factors were extracted, the EFA loadings

of the Original and Revised-B Likert versions were more based on the item direction

than the Revised-U Likert and all three alternative format versions. Specifically, for

the Revised-B Likert version, PW items only loaded highly on Factor 1 (i.e., no large

cross-loadings), whereas NW items only loaded highly on Factor 2. In addition, same

as in Study 1, for the Expanded version, all items loaded on Factor 1, indicating a

clear one-factor structure. However, for the Revised-U Likert, Item-Specific-F, and

672 Educational and Psychological Measurement 83(4)



Item-Specific-L versions, Items 8 and 10 consistently loaded very highly on Factor

2, indicating that the content of these two items was more similar to each other than

to other items.

Table 10 shows the CFA results for Study 2. The results were again similar to

those of Study 1. For Model 1, the alternative format versions generally resulted in a

better fit than the Likert format versions. Comparing Model 2 with Model 1, for the

Original and Revised-B Likert versions, Model 2 fit was considerably better than

Model 1 fit, however, for the Revised-U Likert and all three alternative format ver-

sions, Model 1 fit was very similar to Model 2 fit. One difference between Studies 1

and 2 was that the Revised-B Likert version resulted in a considerably better fit for

Model 1 in Study 2 than in Study 1.

In terms of standardized factor loadings and factor correlations, the patterns in

Study 2 were very similar to those in Study 1 (see Tables 29 and 30 in

Supplementary Materials). Similar to Study 1, the factor loadings for Model 1 were

generally high, with averages ranging from 0.70 to 0.79 across the scale versions.

For Model 2, similar to Study 1, the factor loadings for Factor 1 (associated with PW

items) were generally higher than for Factor 2. The factor correlation was higher for

the Revised-U Likert and the three alternative format versions than for the Original

and Revised-B Likert versions.

For Model 1A (i.e., a one-factor model with a correlated residual between Items 8

and 10), the patterns of results found in Study 1 were replicated in Study 2. Model

1A had a much better fit relative to Model 1 across all six versions, especially the

three alternative format versions. For the Original and Revised-B Likert versions, the

fit of Model 1A was also very good and was similar to the fit of Model 2.

Finally, the results of the response inconsistency analyses were also very similar

across the two studies. Table 11 shows the response inconsistency indices for Study

2. Similar to Study 1, the response inconsistency for the alternative format versions

was significantly lower than that for the Likert versions. Interestingly, both the esti-

mates of the two response inconsistency indices and the results of the significance

tests were very similar across Studies 1 and 2 (see Tables 9 and 11).

In conclusion, Study 2 replicated the results of Study 1. Both EFAs and CFAs

showed that the alternative formats generally yielded lower dimensionality than the

Likert format. Model 1A which was developed in Study 1 also achieved a good fit in

Study 2 across all scale versions, further demonstrating the factor validity of this

model. In terms of response inconsistency, the alternative formats had much lower

response inconsistency than the Likert format.

Discussion

In this research, we aimed to investigate whether any of the alternative scale formats

proposed in the literature can improve the psychometric properties of a scale by alle-

viating the problems related to the balanced Likert format with disagree–agree

options. In addition, we wanted to compare alternative formats with the unbalanced
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Table 10. CFA Models for Study 2.

x2 RMSEA [90%CI] CFI [90%CI] SRMR

Scale format Model 1 (df = 35)

Likert Original 673.681 0.137 [0.128, .146] 0.877 [0.852, .898] 0.065
Format Revised-B 1,766.915 0.113 [0.108, .117] 0.915 [0.906, .923] 0.045
Versions Revised-U 804.039 0.131 [0.123, .139] 0.889 [0.870, .904] 0.056

Alternative Expanded 1,235.862 0.094 [0.090, .099] 0.949 [0.942, .954] 0.035
Format Item-Specific-F 383.593 0.101 [0.092, .110] 0.937 [0.922, .949] 0.041
Versions Item-Specific-L 693.448 0.122 [0.114, .130] 0.931 [0.919, .942] 0.042

Model 2 (df = 34)

Likert Original 461.463 0.114 [0.105, .123] 0.917 [0.901, .932] 0.052
Format Revised-B 1,006.059 0.086 [0.081, .090] 0.952 [0.946, .958] 0.033
Versions Revised-U 803.507 0.133 [0.125, .141] 0.889 [0.869, .904] 0.056

Alternative Expanded 1,235.853 0.096 [0.091, .100] 0.949 [0.942, .954] 0.035
Format Item-Specific-F 383.466 0.102 [0.093, .112] 0.937 [0.923, .949] 0.041
Versions Item-Specific-L 693.401 0.124 [0.116, .132] 0.931 [0.919, .941] 0.042

Model 1A (df = 34)

Likert Original 413.204 0.107 [0.098, .116] 0.927 [0.906, .943] 0.053
Format Revised-B 1,365.135 0.100 [0.096, .105] 0.935 [0.927, .941] 0.041
Versions Revised-U 631.331 0.117 [0.109, .125] 0.914 [0.897, .926] 0.045

Alternative Expanded 920.785 0.082 [0.078, .087] 0.962 [0.956, .967] 0.030
Format Item-Specific-F 249.079 0.080 [0.071, .090] 0.961 [0.949, .970] 0.032
Versions Item-Specific-L 365.836 0.088 [0.080, .096] 0.965 [0.956, 0.972] 0.028

x2 RMSEAD [90%CI]

Difference Between Model 1 and Model 2 (df = 1)

Likert Original 212.22 [p \ 0.001] 0.467 [0.415, 0.520]
Format Revised-B 760.86 [p \ 0.001] 0.443 [0.416, 0.469]
Versions Revised-U 0.532 [p = 0.532] 0 [N/A]

Alternative Expanded 0.009 [p = 0.926] 0 [N/A]
Format Item-Specific-F 0.127 [p = 0.722] 0 [N/A]
Versions Item-Specific-L 0.047 [p = 0.828] 0 [N/A]

Difference between Model 1 and Model 1A (df = 1)

Likert Original 260.48 [p \ 0.001] 0.517 [0.465, 0.571]
Format Revised-B 401.78 [p \ 0.001] 0.321 [0.295, 0.348]
Versions Revised-U 172.71 [p \ 0.001] 0.366 [0.321, 0.413]

Alternative Expanded 315.08 [p \ 0.001] 0.285 [0.259, 0.312]
Format Item-Specific-F 134.51 [p \ 0.001] 0.369 [0.318, 0.423]
Versions Item-Specific-L 327.61 [p \ 0.001] 0.509 [0.463, 0.556]

Note. The p-values associated with x2 for Models 1 and 2 are .00 across different scale versions. The

p-values associated with x2 test of fit and x2 difference test are .00 across the six scale versions. The CI

of CFI is computed based on the method by Zhang and Savalei (2016a). CFA = confirmatory factor

analysis; RMSEA = root mean square error of approximation; CI = confidence interval; CFI =

comparative fit index; SRMR = standardized root mean square residual.
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Likert format, which has also been proposed as a solution to some of the problems

related to the balanced Likert format. We focused on the RSES, which was originally

written in the balanced Likert format. We converted the RSES to three alternative for-

mat versions (Expanded, Item-Specific-F, and Item-Specific-L) and to two Revised

Likert versions (Revised-B and Revised-U versions). The alternative formats and the

Revised Likert formats shared consistent item wording, thus removing any confound-

ing due to item wording. Across these different format versions of the RSES, we

compared their factor structure, validity correlations, and response inconsistency.

Factor Structure Across Formats

We conducted parallel analyses, EFAs, and CFAs to compare the factor structure of

the RSES across the scale versions. The results from these analyses (in Studies 1 and

2) showed that the alternative formats had a factor structure more consistent with the

theoretical one-factor model of the RSES, whereas the balanced Likert versions,

Table 11. Response Inconsistency for Study 2.

Response inconsistency indices

Scale format Difference index Inconsistency percentage

Likert Original 2.519 56.4%
Format Revised-B 2.078 34.0%
Versions Revised-U 2.069 35.6%

Alternative Expanded 1.617 10.9%
Format Item-Specific-F 1.645 9.3%
Versions Item-Specific-L 1.612 14.4%

Comparing response inconsistency indices
Between conditions

Difference index
(Wilcoxon rank-sum test)

Inconsistency percentage
(x2 test of proportions)

Revised-B Likert vs. Expanded
(Within-group comparison)

z = 23:65, p\:0001 x2 = 942:52, p\:0001

Revised-B Likert vs. Item-Specific-F
(Between-groups comparison)

z = 12:51, p\:0001 x2 = 231:77, p\:0001

Expanded vs. Item-Specific-F
(Between-groups comparison)

z = 1:34, p = :18 x2 = 1:93, p = :17

Expanded vs. Item-Specific-L
(Between-groups comparison)

z = 0:11, p = :91 x2 = 11:20, p = :008

Note. The Bonferron-corrected a level is .0017. In other words, a p-value smaller than .0017 should be

considered significant. For between-group comparisons, the Wilcoxon rank-sum unpaired version and

the Pearson’s x2 test of proportion were used; for within-group comparisons, the Wilcoxon rank sum

paired version and the McNemar’s x2 test of proportion were used.
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especially the Revised-B version, had factor structures more consistent with a two-

factor model that separates the PW items from the NW items. These results are con-

sistent with our hypothesis that the alternative formats are not affected by the method

effect associated with the NW items and thus follow a more theoretically defensible

factor model. Out of the three alternative formats, the Expanded format resulted in

the best one-factor model fit. As the Expanded format is the alternative format with

the most specific and concrete response options, this result is consistent with our

hypothesis that the more specific and concrete the response options are, the less con-

fusion and misunderstanding the participants’ experience, leading to a better factor

structure.

Although most of our factor analysis results were consistent with our hypotheses,

one unexpected finding was that the Revised-U Likert version had a slightly worse

one-factor model fit than the Revised-B Likert version. This finding is the opposite

of the results of previous studies (e.g., Dueber et al., 2021; Greenberger et al., 2003;

Salazar, 2015; Zhang et al., 2016). Particularly, Greenberger et al.’s (2003) study

used the RSES in their study and demonstrated that when the original RSES is con-

verted to an unbalanced Likert scale (e.g., all PW items or all NW items), the factor

structure becomes unidimensional and consistent with the theoretical factor model.

However, our results demonstrated that simply getting rid of NW items in a Likert

scale will not always lead to a better factor structure, and using one of the alternative

formats is a better and more reliable way of alleviating the problems associated with

the factor structure of the Likert format. Last but not least, our results demonstrated

that for the RSES in the Likert format, the method effect associated with the NW

items is not the only cause for the lack of unidimensionality in the scale. As we will

discuss in more detail next, it is possible that the correlated residual between Items 8

and 10 is one of the main causes for the lack of unidimensionality in the RSES.

Finally, we examined a modified model based on the one-factor model, which we

developed in Study 1 and verified in Study 2. This modified model, which we call

Model 1A, is a one-factor model with a correlated residual between Items 8 and 10.

Our results showed that across all Likert and alternative formats, Model 1A had a

much better model fit than the one-factor model (Model 1) and a similar fit to the

two-factor model separating NW and PW items (Model 2); this may indicate that the

improvement in fit of the two-factor structure separating NW items from PW items

of the balanced Likert RSES was mainly driven by the correlated residual between

the two NW items (Items 8 and 10).

To explain these patterns of results for Model 1A, we note that Items 8 and 10 are

both NW items in the original RSES, and the fact that these items have correlated

residuals in the alternative formats, which do not involve different item directions,

means that Item 8 and 10 also share similar item content irrespective of the item

direction. A closer look at the item content reveals that both Items 8 and 10 are about

the frequency of feeling useless or no good about oneself. The observation that Items

8 and 10 have similar item content beyond the wording direction is consistent with

Tafarodi and Milne’s (2002) past research on the RSES. According to Tafarodi and
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Milne (2002), the global self-esteem can be further broken down into two aspects:

self-liking and self-competency. Self-liking is associated with feeling happy about

and accepting oneself, whereas self-competency is associated with evaluating one’s

own abilities. Tafarodi and Milne (2002) pointed out that some items (two NW and

three PW items) in the RSES are more related to self-liking, whereas other items

(three NW and two PW items) are related to the self-competence. Notably, Items 8

and 10 are both related to the self-liking aspect of self-esteem, therefore making

them more correlated with each other beyond item wording.

As noted in the introduction, there has been a long debate regarding whether the

two factors of the RSES emerging from the EFAs are substantive factors or are due

to method effects of the NW items (e.g., Carmines & Zeller, 1979; Lindwall et al.,

2012). Our findings suggest that both sides of the debate may be true to some extent.

However, the substantive factors are probably not based on the item direction (i.e.,

positive and negative self-esteem), but based on the self-liking and self-competence

aspects of self-esteem. For items such as Items 8 and 10 that share both item direc-

tion and item content in the Likert format, it is hard to tease apart the part of the cor-

relation due item content from the part due to item direction. However, any of the

alternative formats does not involve item direction, making it easier to identify corre-

lated residuals based on item content.

Validity and Response Inconsistency Across Formats

Our results showed that the Likert format and the three alternative formats have simi-

lar convergent validity as accessed through how much the participants’ self-reported

self-esteem was correlated with the peer-ratings of their self-esteem and with NPI,

which is theoretically related to self-esteem (e.g., Brown & Zeigler-Hill, 2004;

Brummelman et al., 2016; Campbell et al., 2002). The three alternative format ver-

sions had slightly higher correlations than the Revised-B Likert version but the dif-

ferences between the correlations were not significant. Therefore, this result did not

completely match with our expectation that the alternative formats would result in

stronger self-other agreement correlations and convergent validity with the NPI.

There are several explanations for these findings. First, for the peer-rating data,

the sample size for each scale version was quite small (around 80 participants for

each condition). Based on our post hoc power analyses, when there is a difference of

0.2 between two population correlations, we need at least a sample size of n = 300 to

achieve a statistical power of 0.8; when there is a difference of 0.15, we need at least

n = 500. Therefore, the lack of statistical power as a result of small sample sizes is

probably the most important reason why we did not find any significance differences

between the peer-rating correlations across different scale versions. Second, as noted

in the introduction, some problems associated with the Likert format, such as acquies-

cence bias, may not affect the sum score of the scale. As the correlation analyses

involved the use of sum scores, the results may not be affected by the scale format.

Finally, theoretically, narcissistic personality and self-esteem are two overlapping but
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different constructs, which means that the NPI should only be moderately correlated

with the RSES (e.g., Brown & Zeigler-Hill, 2004; Brummelman et al., 2016;

Campbell et al., 2002). All three alternative formats of the RSES already showed

moderate correlations with the NPI (see Table 8); therefore, it may be unreasonable

to expect the alternative formats to have higher correlations with the NPI.

For response inconsistency analyses, our results showed that all three alternative

formats have significantly less response inconsistency as measured by the two indices

proposed by Kam (2020), replicating the results found in Kam (2020). These results

are consistent with our hypothesis that the alternative format reduces the ambiguity

of the Likert items, making participants pay more attention to the differences between

the response options.

Limitations and Future Studies

There are several limitations and future directions to our study. First, as mentioned

previously, the self-peer correlations were based on a relatively small sample size,

providing only limited ability to access the validity of these reports. Future research

should conduct the peer-rating part of the study with a larger sample size. Second,

our study only involves one psychological scale, the RSES. Because the RSES is a

relatively short scale with only 10 items, we assume that the RSES in the Expanded

format should not have taken participants too much time and effort to complete,

although this format has the most detailed response options. Unfortunately, we cannot

test this assumption because we did not track the amount of time each participant

took to complete the RSES. It is possible that for longer psychological scales in the

Expanded format, participants would take significantly longer time to complete them

and experience more fatigue as a result. Therefore, future studies will investigate lon-

ger psychological scales and set up specific timers in the survey in order to compare

the amount of time participants take to complete each scale across different alterna-

tive formats. Perhaps, there is a point at which the cost of the Expanded format hav-

ing very detailed response options (e.g., taking too much time to complete) will

outweigh its benefits; in such cases, perhaps, the Item-Specific formats may be more

suitable. Third, our quantitative analyses of the different scale formats with alterna-

tive formats do not offer us any insight regarding why participants respond to items

differently across formats and whether it is the specificity of the options in the alter-

native formats that help participants understand the items better. To gain such insight,

a mixed-methods approach involving both qualitative and quantitative analyses needs

to be employed. Several previous studies have already used qualitative and quantita-

tive analyses to gain more insight as to why participants respond to scale items in a

certain way. For example, Cabooter et al. (2016) used the think-aloud approach to

examine how participants interpret different wordings of response options; Robie

et al. (2022) used a number of indices and questionnaire items to measure partici-

pants’ careless responding and their reactions to Likert items with different response

option orders. Using these existing methods, we plan to conduct a follow-up study
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that examines participants’ interpretations of the items across different scale formats.

Last but not least, our studies have revealed a possible confound of item direction and

item content among items in the original Likert RSES. Although researchers such as

Tafarodi and Milne (2002) have suggested that the RSES can be theoretically broken

down into self-liking and self-competence factors, this issue has largely been ignored

in the literature on the factor structure of the RSES, which has largely been focused

on the two-factor structure based on the item direction and the method effects created

by the NW items. Future studies should re-visit Tafarodi and Milne’s (2002) research

and investigate the factor structure of the RSES in light of Tafarodi and Milne’s

(2002) conceptualization of the self-esteem.

In summary, our study is one of the first to provide horizontal comparisons of sev-

eral Likert and alternative formats. We found that for the RSES, the three alternative

formats generally yielded better psychometric properties (e.g., better factor structure

and less response inconsistency) than the Likert format. Out of the three alternative

formats, the Expanded format achieved the best results. Therefore, based on our pro-

mising findings, we recommend researchers consider using the Expanded format

especially when creating short psychological scales like the RSES.
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Notes

1. This holds if we assume that each item is affected by the acquiescence bias to the same

extent.

2. Our Supplementary Materials are posted on the OSF with the link https://osf.io/kx8vw/

?view_only=ba4c1166b92443308326599e65273beb

3. The reason for having two versions of the study is that some participants simply did not

want to send emails to their friends asking their friends to participate in a study. From our

past experience, when we required all participants to send emails to their friends, the sign-

up rate for our studies was very low. Therefore, we decided to let participants choose,

when they signed up for the study, between a version of the study in which they were
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required to send emails to their friends and a version in which they did not need to send

any emails.

4. The pre-registration links for Versions 1 and 2 of the survey are https://osf.io/7dmgf and

https://osf.io/s39be, respectively.

5. The one-factor structure will be examined using confirmatory factor analyses (CFAs) (see

below) because the one-factor solution is the same under exploratory factor analysis (EFA)

and CFA.

6. All undergraduate students who wanted to participate in the Human Subject Pool (HSP)

studies were required to complete the pre-screening study prior to signing up for other

studies. The main purpose of the pre-screening study was to collect demographic data from

participants to check their eligibility for certain HSP studies. However, each laboratory

was also allowed to put a maximum of 20 questionnaire items on the pre-screening study

during each school term.

7. The middle section of the pre-screening survey mainly included demographic items (e.g.,

age, gender, and ethnicity).

8. The pre-registration link for Study 2 is https://osf.io/s39be.
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