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Abstract
Background—Reverse-scored items on assessment scales increase cognitive processing
demands, and may therefore lead to measurement problems for older adult respondents.

Objective—To examine possible psychometric inadequacies of reverse-scored items on the
Center for Epidemiologic Studies Depression Scale (CES-D) when used to assess ethnically
diverse older adults.

Methods—Using baseline data from a gerontologic clinical trial (n=460), we tested the
hypotheses that the reversed items on the CES-D: (a) are less reliable than non-reversed items, (b)
disproportionately lead to intra-individually atypical responses that are psychometrically
problematic, and (c) evidence improved measurement properties when an imputation procedure
based on the scale mean is used to replace atypical responses.

Results—In general, the results supported the hypotheses. Relative to non-reversed CES-D
items, the four reversed items were less internally consistent, were associated with lower item-
scale correlations, and were more often answered atypically at an intra-individual level. Further,
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the atypical responses were negatively correlated with responses to psychometrically sound non-
reversed items that had similar content. The use of imputation to replace atypical responses
enhanced the predictive validity of the set of reverse-scored items.

Conclusions—Among older adult respondents reverse-scored items are associated with
measurement difficulties. It is recommended that appropriate correction procedures such as item
re-administration or statistical imputation be applied to reduce the difficulties.

Keywords
CES-D; depression; reversed item format; older adults

Although the health of the older adult population can be promoted by high quality research
on aging outcomes, such research is dependent on the availability of adequate assessments.
Fortunately, standardized health-related outcome measures such as the Rand 36-Item Short
Form Health Survey (SF-36) and the Center for Epidemiologic Studies Depression Scale
(CES-D) perform reasonably well when used to assess a variety of older adult populations
(Walters, Munro, & Brazier, 2001; Roberts, 1980; Radloff, 1977). However, despite their
essential usefulness, some commonly used measures may contain particular types of items
that create difficulties for elders, leading to measurement error.

Reverse-scored items (i.e., items for which a high score indicates the opposite of the
construct being assessed, with a reverse-coding transformation applied) employ a structural
format that may be especially problematic for older adult respondents. Such items force the
respondent to (a) notice the altered direction of wording and (b) use the opposite end of the
rating scale to produce a response that is consistent with the prior items. Although reverse-
scored items serve a useful function by disrupting undesirable response sets such as
acquiescence or disacquiescence, these benefits may be outweighed by the potential for
methodologically induced bias (Pedhazur & Schmelkin, 1991; Nunnaly, 1967). Consistent
with this possibility, across a variety of populations and assessments, it is common for
reverse-scored items to cluster into a separate factor (Lyyra, Tormakangas, Read, Rantanen,
& Berg, 2006; Long-Foley, Reed, Mutran, & DeVellis, 2002). Although these factors are
often interpretable substantively, their content nonetheless co-varies with a reversed item
format, raising the possibility that the loadings are at least partially methodologically based
(Marsh, 1996; Marsh, 1986; Dunbar, Ford, Hunt, & Der, 2000).

Such a methodological effect could in part result from confusion that causes directionally
opposite responding (e.g., among older adults who have reading difficulties). Due to the
extreme deviation from the respondent’s true standing on the item, such directionally based
errors would be especially psychometrically disruptive.

In the present study, we examined the psychometric properties of reverse-scored items
contained on the CES-D in a sample of ethnically diverse, primarily low income,
community-dwelling older adults. We hypothesized that, due in part to directional response
errors, reversed items are associated with: (a) a lower coefficient alpha and lower item-scale
correlations; and (b) a greater percentage of individual item scores that are statistically
deviant relative to a given elder’s wider pattern of CES-D responses. Additionally, we
hypothesized that (c) an individually applied correction procedure enhances psychometric
outcomes for the set of such items.
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METHODS
Participants

The participants were 460 men and women aged 60 years or more who enrolled in the
University of Southern California Well Elderly 2 Study, an NIH-funded clinical trial of the
effectiveness of a lifestyle intervention designed to reduce age-related declines among
community-dwelling older adults (Jackson et al., 2009). Participants were recruited from 21
senior community centers, senior apartment complexes, or retirement communities in the
Los Angeles area. At each recruitment site, prospective study participants met with a
recruiter who explained the study requirements and obtained informed consent. Individuals
unable to engage in the lifestyle intervention (e.g., due to severe cognitive deficits) or
complete the study assessment battery with assistance were excluded.

Measures
The primary measure in the current study, the CES-D, is a widely used 20-item self-rating
inventory that measures the frequency of depression symptoms experienced in the past week
(Radloff, 1977). Items reflect depressed mood, feelings of guilt or worthlessness,
perceptions of helplessness or hopelessness, and psychomotor/somatic symptoms. The
frequency of each symptom during the past week is rated on a scale that ranges from 0
(rarely/none of the time, less than 1 day) to 3 (most or all of the time, 5–7 days). Scale items
4 (I felt that I was just as good as other people), 8 (I felt hopeful about the future), 12 (I was
happy), and 16 (I enjoyed life) are reverse-scored and assess the absence of positive affect.
CES-D test scores evidence adequate internal consistency and test-retest reliability, correlate
with clinical judgments and self-report measures of depression, possess construct validity,
and generate theoretically meaningful factors such as depressed affect, somatic symptoms,
and diminished positive affect (Roberts, 1980; Radloff, 1977; Iwata & Buka, 2002).

The LSI-Z was used to measure life satisfaction, a construct which on theoretical grounds is
expected to correlate negatively with depressive symptoms. This 13-item self-report
measure, developed specifically for use with older adults, is internally consistent and
possesses criterion-related validity (Wood, Wylie, & Sheafor, 1969).

Version 2 of the Short-Form 36-Item Health Survey (SF-36) was used to assess health-
related quality of life (Ware, 2000). This widely accepted instrument includes eight domains
that factor into physical and mental composites (Ware, 2000; Ware, Kosinski, & Keler,
1994). The two composite variables were included as validity criteria expected to correlate
negatively with depressive symptoms.

Procedure
Data stemmed from self-administered questionnaires that were completed during the
baseline phase of the clinical trial described above. In general, the assessments were
administered to groups of 4 to 29 elders at the various recruitment sites. In addition to the
CES-D, LSI-Z, and SF-36, participants responded to several additional scales and tests that
were not analyzed in the present study (Jackson et al., 2009). Large print versions of the
assessments were used to reduce eyestrain. A subset of the Hispanic participants (n=56)
completed all study assessments in Spanish, using previously validated translated versions.

Data Analysis
The internal consistency of reversed versus non-reversed items was examined by comparing
standardized coefficient alphas between the set of four reversed items and, to adjust for the
influence of the number of items on coefficient alpha, the mean of the four sequential sets of
four non-reversed items. Additionally, correlations between each CES-D item and the CES-
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D total score (after removing the item) were calculated and the resulting correlation averages
for reversed and non-reversed items were compared.

To assess the frequency of atypical responses to reversed vs. non-reversed items, we
developed an algorithm for detecting deviant (i.e., outlying) individual item responses. In
this procedure, the value (0, 1, 2, or 3) of each participant’s item score most distant from the
intra-individual mean was identified. If between 1 and 4 items shared this most distant
value, the mean and standard deviation of the remaining set of 16 to 19 items were used to
calculate a z-score for the item or items sharing the most distant value. (The value of the
first quartile of the full sample’s distribution of CES-D standard deviations was used as the
denominator in calculating z-scores if a person’s intra-individual standard deviation was
zero for items other than those most distant from the mean.) All items sharing the most
distant value were considered deviant if their (shared) z-score was 1.96 or greater in absolute
value. A criterion value of 1.96 was used because it corresponds to a cut-off point (5%) that
(a) is arguably sufficiently extreme to define deviant responses and (b) is the most
commonly employed standard used to define a normal range (Colton, 1974). In this
procedure, the reason for excluding the most distant items when calculating intra-individual
means and standard deviations was to avoid masking effects based on outlier-induced
distributional shifts. To allow for detection of multiple possible outliers on reverse-scored
items, up to four deviant responses were permitted per participant. If five or more items
shared the value most distant from the mean, the respondent was considered to have no
deviant responses, based on (a) the degree of commonness (5/20 or more) of his or her most
unusual response and (b) the joint contribution of reversed and non-reversed items to such
responses, indicating at least a partial non-methodological underpinning.1

To describe overall differences in deviant responses between reversed and non-reversed
items, for each item type we divided the number of deviant responses by the total number of
responses across all research participants. To statistically test for item-type differences, for
each participant we determined whether the proportion of deviant responses on reversed
items was less than, was equal to, or exceeded the proportion of deviant responses on non-
reversed items. Excluding instances that were equal, we then conducted a sign test, based on
the results of Pratt (1968), of the null hypothesis of equality in the proportions of deviant
responses for the two item types. This test was two-tailed and conducted at the .05 level of
significance.

To control for item content in assessing the psychometric properties of deviant responses to
reversed items, we conducted analyses involving reversed and non-reversed pair-mates (i.e.,
pairs of items with highly similar content, despite having a varying directional format).
These analyses were conducted separately for the following two pair-mates which could be
identified on the CES-D: (a) items 12 (I was happy) and 18 (I felt sad) and (b) items 16 (I
enjoyed life) and 6 (I was depressed). For each pair, considering only the subset of older
adults who produced a deviant response on the reversed item, we calculated a Pearson
correlation coefficient between the two pair-mates, and also correlated each pair-mate with
the corrected total CES-D score. These correlations were tested at the .05 significance level
using a two-sided alternative.

To examine the effect of imputation for deviant responses to reverse-scored items, we
replaced each such deviant response with the respondent’s mean for all other CES-D items

1The sensitivity of the results to alternate outlier detection methods was examined by using two further algorithms: [a] use of the
above strategy in connection with a more stringent z-score cut-point of 2.33, and [b] comparison of item scores against individualized
medians through a univariate version of the minimum volume ellipsoid (MVE) estimator (Rousseeuw & Leroy, 1987). Because both
of these procedures produced results similar to the main outlier detection method, they are not further discussed in this article.
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(i.e., all non-reversed items and non-deviant reversed items). For comparison purposes, we
then calculated basic statistics and validity correlations, across the entire sample, for the
following five CES-D variants: (a) the intra-individual mean of all deviant responses to
reverse-scored items (excluding participants with no such responses); (b) the sum of all
reverse-scored items, without imputations; (c) the sum of all reverse-scored items, using
imputations; (d) the sum of all CES-D items, without imputations; and (e) the sum of all
CES-D items, using imputations. To assess predictive validity, we calculated Pearson
correlation coefficients between each of the above variants and the SF-36 mental composite,
SF-36 physical composite, LSI-Z, and uncorrected CES-D total. We tested each correlation
at the 0.05 significance level using a one-tailed test in expectation of a theoretically
congruent result.

RESULTS
The mean age of the 460 participants was 74.9 +/− 7.7 years; 65.9% were female; 62.6%
were non-White (32.4% African American, 20.0% Hispanic/Latino, 3.9% Asian American,
6.3% Other/Refused); 49% had an education level of high school or less; and 53.5% had an
annual income under $12,000.

The standardized coefficient alpha for the set of reversed items was lower than the average
coefficient alpha for same-sized sets of non-reversed items (.67 versus .73). Consistent with
this pattern, the mean item-scale correlation was lower for reversed than for non-reversed
items (.45 versus .59).

The proportions of deviant responses for non-reversed and reversed items, respectively,
were .054 (396/ [16*460]) and .143 (264/ [4*460]). Based on the sign test, the rate of
deviant responding was significantly higher for reversed than for non-reversed items (p< .
001). Of the 264 deviant responses to reversed items, 227 (86.0%) reflected the high end of
the scale (a response of 2 or 3), indicating that the bulk of such responses were made by
relatively non-depressed individuals, and tended to inflate depression scores. The
percentages of deviant responses for the four individual reversed items were .15 (CES-D
item 4), .24 (CES-D item 8), .11 (CES-D item 12), and .08 (CES-D item 16). Apart from the
increase in deviant responses to the second reverse-scored item (CES-D item 8), the overall
pattern reflects a decline in deviant responding to successively encountered items (5 of the 6
possible comparisons are consistent with this trend). Among the 460 participants, 62.4 %,
24.3%, 8.3%, 3.3%, and 1.7% had 0, 1, 2, 3, or 4 deviant responses, respectively, to reversed
items.

In the analyses of pair-mates, negative correlations were obtained between the reversed
items that were answered atypically and their non-reversed counterparts with similar content
(r = −.33, p = .021 for items 12 and 18; r = −.58, p < .001 for item 16 and 6). Also, in both
cases the non-reversed pair-mate was positively correlated with the corrected CES-D sum (r
= .65, p < .0001 for item 18 and r = .92, p < .0001 for item 6), whereas the reversed pair-
mate was negatively correlated with the corrected CES-D sum (r = −.43, p < .002 for item
12 and r = −.59, p < .0001 for item 16).

Psychometric properties of non-imputed and imputed CES-D variants are presented in Table
1. The per participant mean of deviant responses to reversed items correlated in a
theoretically opposite manner with the SF-36 mental composite (r = .32), LSI-Z (r = .24),
and CES-D Total (r = −.53). Considering the sum of all reversed items, the use of
imputation reduced the mean per participant sum by one unit (from 3.41 to 2.41 points) and
increased meaningfully the degree of theoretically predicated association with the three
external validity criteria (mean r-square = .27 with vs. .16 without imputation) and the CES-

Carlson et al. Page 5

Psychol Assess. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



D total score (r-square = .72 with vs. .37 without imputation). With respect to CES-D total
scores, the imputation procedure increased coefficient alpha from .90 to .93 and decreased
the overall mean by one unit. However, the validity correlations for the CES-D total scores
were not significantly affected by the use of imputation.

DISCUSSION
Overall, the results confirm that CES-D reverse-scored items are associated with
measurement problems among older adults. Consistent with earlier research on a variety of
populations, such items were as a set less internally consistent than non-reversed items and
were more weakly associated with total scale scores (Long-Foley et al., 2002; Lee et al.,
2008). Further, at the intra-individual level, reversed items were answered atypically 2.65
times more often than non-reversed items. The extremity of these deviant responses, in
conjunction with their inverse association with psychometrically sound non-reversed items
of like content, their negative correlation with the remainder of the CES-D, their
theoretically “opposite” validity correlations with the LSI-Z and SF-36, and their tendency
to occur more frequently for items encountered earlier on the assessment, supports the
notion that the poorer psychometric performance of reversed items is at least in part due to
directionally based information processing errors.

Depending on the context of usage, the effect of deviant responses to reversed CES-D items
could be quite pronounced. For example, over 13% of the participants may have scored
approximately 5 to 10 units higher or lower on the CES-D due to such atypical responses.
Because such responses tended to gravitate to the high end of the scale, in comparison with
mean-imputed scores they potentially inflated the sample-wide CES-D mean by nearly 8%
(from 12.73 to 13.73) and positive affect mean by 41% (from 2.41 to 3.41, based on the sum
of the four reversed items). In this regard, it is noteworthy that, using a cutoff score of 16 or
greater, the number of elders who met the criterion for depression was reduced by
approximately 10% (147 versus 162) when imputations were made for deviant responses to
reversals.

Prior to drawing practical recommendations for altering the CES-D scoring procedure, it is
important to consider a key limitation of the study, namely, that the results were to some
degree affected by the specific content of particular items in addition to their reversed versus
non-reversed status. For example, the second reversed item, which pertains to hope, may
have often been answered atypically, though accurately, due to its focus on perceptions
regarding the future that are somewhat independent of one’s immediate degree of
depression. Thus, as a set the deviant responses are likely to have reflected a composite
involving at least three ingredients: (a) errors based on directionally based mistakes (as well
as any other types of errors, such as those stemming from culturally linked
misunderstandings of item content), (b) veridical responses that inaccurately reflect
depressive symptomatology, and (c) veridical responses that do in fact capture depressive
symptomatology (as when a lack of hope is linked to a depressed state, despite low
depression scores on the majority of CES-D items).

However, the above inability to disentangle the reasons underlying atypical responses does
not imply that a correction procedure is unwarranted. In particular, when the combined
influence of information processing errors and depression-independent veridical responses
outweighs that of outlying depression-relevant responses, then correction is likely to
produce a desirable tradeoff which fosters improved assessment. For example, a crude
approximation might suggest that on theoretical grounds a psychometrically sound item (i.e.,
an item that evidences depression when answered properly) should produce a deviant
response, as defined herein, approximately 5% of the time. If the percentage of deviant
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responses exceeds 10%, then it is arguable that factors other than depressive
symptomatology are equally or more likely to have produced a given scale-discrepant score,
and imputation for intra-individually deviant responses should be considered as a means of
fostering increased accuracy. For the reversed items in the current study (which were
deviant 14.3% of the time), the improved associations with validity criteria following
imputation with the scale mean support this contention. The results also support the use of
non-reversed pair-mate scores to replace deviant responses to items 12 and 16. In analyzing
research-based sample data, such statistical imputation represents a feasible correction
procedure that can be performed any time following testing.

In clinical diagnostic contexts, or in research contexts when feasible, consideration should
be given to solutions that rectify intra-individually deviant responses at (or closely
following) the time of questionnaire administration. In this vein, respondents could be
subjected to further questioning or be instructed to reconsider items that produce deviant
answers (based on the application of an outlier detection program).

The phenomenon of spuriously induced intra-individual deviant responses is likely to
characterize the measurement process more generally across different respondent
populations, assessments, and item types. For example, 4 of the 16 non-reversed CES-D
items were answered atypically more than 10% of the time in the current study. Future
research should be conducted to document the degree of generality of this problem across
varying assessment contexts and examine the relative utility of solutions such as re-
questioning or imputation.
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