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Abstract 

Objective: To illustrate different perspectives on response shift with cancer 

patients’ health-related quality-of-life (HRQoL) data. In measurement 

perspective, the focus is on bias in the measurement of HRQoL. In conceptual 

perspective, the focus is on bias in the explanation of HRQoL. 

Study Design and Setting: Data came from a consecutive series of 202 newly 

diagnosed cancer patients, heterogeneous to cancer site, all undergoing surgery. 

A HRQoL questionnaire was administered before and after surgery. Using 

structural equation modeling, biases and response shifts in measurement and 

explanation of HRQoL were investigated with respect to patient’s cancer site, 

health status, sex, age, optimism, and social comparison. 

Results: Six measurement biases were found, five of which were considered 

response shift. The ‘‘general health’’ (GH) scale appeared most susceptible to 

response shift. For example, GH scores were not fully determined by HRQoL but 

also by optimism before surgery and female sex and downward social comparison 

after surgery. Additionally, two explanation biases were found, neither of which 

were considered response shift - before and after surgery the mental component 

of HRQoL was not only affected by cancer site and health status but also by 

optimism and downward social comparison. 

Conclusion: Our approach enables the distinction and testing of biases and 

response shifts in the measurement and explanation of HRQoL.  
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Introduction 

There are a number of different methods and definitions of response 

shift in the literature. In an attempt to clarify differences of opinion on what 

defines response shift for researchers who investigate response shift in the field 

of health-related quality of life (HRQoL) we distinguish between two response 

shift perspectives: the measurement perspective and the conceptual perspective 

[1;2]. With regard to HRQoL, response shift can be formally defined either as a 

bias in the measurement of HRQoL or as a bias in the explanation of the concept 

of HRQoL.  

From the measurement perspective, bias is introduced when the 

relationship between the measurement instrument (denoted by X) and other 

variables (potential violator variables, denoted by V) is not fully explained by their 

relationships with the attribute of interest (denoted by A; see Fig. 1). For 

example, when investigating the attribute HRQoL, one might use the Short Form-

36 (SF-36) scores to measure HRQoL and concurrently collect potential violator 

variables, such as age, sex, optimism, and social comparison of the respondents. 

If the relationship between the SF-36 scores and sex cannot be explained via their 

relationships with HRQoL, measurement bias has been found. Response shift is a 

special case of measurement bias and occurs when investigating the change in an 

attribute. For example, if the relationship between the SF-36 and optimism scores 

is explained via their relationship with HRQoL at baseline, but not at follow-up, 

we have found response shift in measurement. Both examples violate 

measurement invariance, an important assumption in measurement testing, as 

the attribute HRQoL should fully explain the scores on the HRQoL measurement 

instrument. From the measurement perspective, violator variables only bias the 

measurement of the attribute. Any variable other than the attribute of interest 

(A) can operate as a violator variable (V). For a formal definition and a more 

detailed discussion of response shift from the measurement perspective see Oort, 

et al. [1] and Oort [2].  

From the conceptual perspective, bias is introduced when the 

relationship between the attribute (A) and the violator variables (V) is not fully 

explained via their relationships with the known explanatory variables (denoted 
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by E; see Fig. 1). For example, when investigating HRQoL, a known explanatory 

variable may be health status but information is also collected on age, sex, 

optimism, and social comparison of the respondents. If the relationship between 

HRQoL and age is not fully explained via their relationships with health status 

then explanation bias has been found. Response shift is a special case of 

explanation bias and occurs when investigating the changes in the attribute of 

interest. For example, if the relationship between HRQoL and optimism is 

explained via their relationships with health status at baseline, but not at follow-

up, we have found response shift in explanation. Violator variables can confound 

the results between the explanation variable and attribute if they are not 

accounted for. Potential violator variables include any variable that is not a 

recognized explanation variable of the attribute of interest. The distinction 

between explanation variables and violator variables depends on the substantive 

research question. In HRQoL research, examples of explanation variables are 

health state or medical treatment, and examples of potential violators are 

adaptation, coping, and social comparison. For formal definitions and a more 

detailed description see Oort, et al. [1] in this same journal issue. 

Comparing the two perspectives, measurement bias concerns the 

relationships between observed measurements of HRQoL (X ) and HRQoL itself 

(A), whereas explanation bias concerns the relationships between the 

explanatory variables (E; causes, predictors) of HRQoL and HRQoL itself (A). We 

will use structural equation modeling (SEM) to investigate these biases, because 

with SEM we can clearly distinguish between the two types of relationships and 

possible biases. 

The aim of the current article was to provide an empirical example of 

investigating response shift from the two perspectives. We investigated 

measurement bias, response shift in measurement, explanation bias, and 

response shift in explanation in HRQoL data from cancer patients who underwent 

invasive surgery. This data set has been used previously to illustrate the 

application of SEM to detect response shift [3]. However, that analysis strictly 

adhered to the measurement perspective. To highlight the differences between 

the measurement and conceptual perspectives about bias and response shift, the 
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analysis will be extended to include cancer site and health status as explanatory 

variables, and sex, age, optimism, and upward comparison as potential violator 

variables. 

 

Method 

Data 

The data used in this study are a subset of variables from a larger study 

where newly diagnosed cancer patients were consecutively recruited to 

investigate HRQoL and response shift [4]. The sample we used comprised 202 

newly diagnosed cancer patients with a mean age of 57.3 (standard 

deviation514.2), and just over half were male (51.49%). Four cancer diagnoses 

were included, 36 lung cancer patients (18%) waiting for a lobectomy or a 

pneumectomy, 49 pancreatic cancer patients (24%) waiting for Whipple or bypass 

surgery, 55 esophageal cancer patients (27%) waiting for either transhiatal or 

transthoracal surgery, and 62 cervical cancer patients (31%) waiting for radical 

hysterectomy. 

The study was introduced to patients at the initial consultation with their 

surgeon where they were also informed about their surgery. Patients were then 

approached via telephone a few days later and invited to participate in the study 

and to provide informed consent. The first interview took place before surgery 

and the second interview was completed three months after surgery. For more 

details see Visser, et al. [4]. The Medical Ethics Committee of the local institute 

approved the study. 

 

 Variables 

We distinguish between outcome variables measuring HRQoL, 

explanatory variables cancer site and health status, background variables sex and 

age, and other potential violator variables optimism and upward comparison. All 

variables were collected at baseline, and HRQoL and health status were also 

collected at follow-up. Patient’s sex, age, and cancer site were obtained from the 

patients’ records. All other variables were measured through self-report. 
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HRQoL The Dutch language version of the SF-36 health survey was used 

which has been found to have excellent psychometric properties for both the 

original English version and the Dutch language version [5,6]. This survey includes 

eight scales: physical functioning (PF), role limitations because of physical health 

(RP), bodily pain (BP), social functioning (SF), mental health (MH), role limitations 

because of emotional problems (RE), vitality (VT), and general health (GH). Scale 

scores were calculated according to the guidelines in the SF-36 manual; however 

the scores were divided by 20 for computational convenience. Higher scores 

indicated better health. 

Health status A health status scale was created using a global functioning 

checklist that had similar items to the self-reported Karnofsky Performance Status 

Test [7]. There were a total of eight items that were averaged to create a score 

ranging from 1 to 3. Scores were reversed so that higher scores indicated better 

health, which is in line with the SF-36 scales. 

Optimism The Life Orientation Test [8] was used to measure optimism. It 

consists of 13 items with a five-point response scale with options ranging from ‘‘I 

agree a lot’’ to ‘‘I disagree a lot.’’ Item scores were summed to a total score that 

was re-scaled, with a mean of zero and standard deviation of one. Higher scores 

indicated a more optimistic attitude. 

Upward comparison ‘‘Upward comparison’’ is used as an abbreviation 

for ‘‘upward social comparison,’’ which is one of four scales in the Social 

Comparison Test [9]. This upward comparison scale consists of three items 

regarding the extent to which respondents compare themselves with other 

people who do better. A six-point response scale was used that ranged from ‘‘not 

at all’’ to ‘‘very strongly.’’ Item scores were summed to a total score that was re-

scaled, with a mean of zero and standard deviation of one. Higher scores 

indicated greater use of this comparison style. 
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Statistical analysis 

A three-step procedure was used to investigate bias and response shift 

in the HRQoL data gathered before and after surgery. The first step, establishing a 

measurement model, involved identifying an appropriate measurement model 

using confirmatory factor analysis. This step is crucial, if the measurement model 

does not have satisfactory fit to the data or a clear interpretation, it is not 

possible to investigate invariance from either the measurement perspective or 

conceptual perspective. 

In the second step, investigating measurement bias and response shift in 

measurement, the measurement invariance of the HRQoL scales was investigated 

with respect to cancer site, health status, sex, age, optimism, and upward 

comparison. Measurement invariance was defined as conditional independence 

of the observed HRQoL scale scores given the ‘‘true’’ HRQoL factors found in Step 

1. Violations of this invariance indicate measurement bias or response shift in 

measurement. The measurement bias definition [1] was applied with the HRQoL 

scales as observed measurement variables X, common HRQoL factors as 

attributes (A), and cancer site, health status, sex, age, optimism, and upward 

comparison as potential violator variables (V). Response shift was investigated as 

a special case of measurement bias by checking for changes in measurement bias 

across measurement occasions. 

The third step, investigates explanation bias and response shift in 

explanation, after having accounted for measurement bias and response shift in 

measurement. Explanation invariance of ‘‘true’’ HRQoL factors was investigated 

with respect to sex, age, optimism, and upward comparison. Explanation 

invariance was defined as conditional independence of HRQoL given the known 

explanation variables of HRQoL, such as cancer site and health status. The 

explanation invariance definition [1] was applied with the common HRQoL factors 

as attributes (A), cancer site and health status as explanatory variables (E ), and 

sex, age, optimism, and upward comparison as potential violator variables (V). 

Response shift was investigated as a special case of explanation bias by checking 

for changes in explanation bias across measurement occasions. 
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Before beginning our investigation of measurement bias and response 

shift from the two different perspectives, the data were screened for non-

response. Non-response in this data set is small because of questionnaires being 

completed in the presence of an interviewer. We treated non-response at the 

item level according to the instructions in the test manual for the particular 

measure. In the two cases where there were not enough data to compute scale 

scores for the SF-36, we used the expected maximization procedure for missing 

data [10]. 

  In each of the three steps mentioned above, SEM was used [11] as 

described by Oort et al. [1]. 

 

 Step 1: Establishing a measurement model 

SEM was used to fit a confirmatory factor model to the 16 x 16 variance-

covariance matrix of the eight HRQoL scales measured at two occasions. We used 

the maximum likelihood estimation method to fit a model with both 

measurement occasions and two common factors, Physical HRQoL (PHYS HRQoL) 

and Mental HRQoL (MENT HRQoL), with a pattern of factor loadings that was 

derived from the results of the principal components analysis published by Ware 

et al. *5+. Work by Aaronson et al. *6+ suggests that Ware’s structure is 

appropriate for the Dutch population. The scores on the observed variables were 

not multivariately normally distributed, and univariate tests revealed that the 

distributions were skewed for approximately half of the variables. As the 

assumption of multivariate normality was violated, the resulting test statistic may 

not have a central chi-square distribution, and the standard errors may not be 

correct [11]. However, Hoogland and Boomsma [12] suggest that this does not 

seriously bias the estimates of the model parameters. Overall goodness-of-fit was 

evaluated with the chi-square test of exact fit and the root mean square error of 

approximation (RMSEA) as a measure of approximate fit. A non-significant chi-

square test indicates good model fit. However, in the practice of SEM we do not 

expect exact fit, and the hypothesis of exact fit is usually rejected, provided there 

is enough statistical power. An RMSEA value of less than 0.08 suggests 

satisfactory fit, and a value of less than 0.05 suggests close fit [13]. In addition to 
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overall goodness-of-fit, component fit was evaluated through inspection of 

modification indices and standardized residuals [11;14]. 

 

Step 2: Detecting measurement bias and response shift in measurement 

In the second step, we extended the four-factor model to include the 

following: cancer site, health status (before and after surgery), age, sex, 

optimism, and upward comparison. Cancer site was a categorical variable with 

four categories. This nominal variable was replaced by three binary dummy 

variables; cervical cancer was used as the reference category. There were nine 

violator variables (V) that were included in the model as exogenous variables, 

with residual variances fixed at zero. All violator variables were correlated with 

each other, and with the common HRQoL factors. In Step 2, we did not distinguish 

between explanatory variables (E ) and violator variables (V), therefore in Fig. 1 

the variables labeled explanatory are included as violators for this section of the 

analysis. Measurement bias was indicated by significant modification indices for 

direct effects of the nine violator (V) variables on the HRQoL scales (X) and for 

across occasion constraints on factor loadings and intercepts [15]. We did not 

investigate possible across occasion invariance of residual variances as the 

residuals affect neither the measurement nor the explanation of the common 

factors. In all, there were 184 modification indices to consider ([16 x 9 direct 

effects fixed at zero] + [8 x 4 across occasion constraints on factor loadings] + [8 

across occasion constraints on intercepts]), however, eight modification indices 

were subtracted because of impossible effects of the second occasion health 

state on first occasion HRQoL scales. This left 176 modification indices for 

constrained parameters that would be interpreted as measurement bias if 

unconstrained. The modification index has a chi-square distribution with one 

degree of freedom. As there were a large number of tests, to maintain a family 

wise Type 1 error rate of 5%, a Bonferroni-adjusted critical value [16] of 12.9 

(associated with a probability of 0.05/176) was used. There are variations of the 

Bonferroni procedure [17;18] but in our analysis these other methods provide the 

same results. The Step 2 model was modified by changing one parameter at a 

time and constantly checking the estimates and results to ensure that the 
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changes were meaningful and interpretable. This process was continued until the 

largest modification index was less than 12.9. We should note that the 

modification index often underestimates the actual improvement of fit (
2
 

difference). Therefore, we also checked parameter changes that were associated 

with modification indices less than 12.9 and investigated the actual 
2
 difference. 

 

 Step 3: Detecting explanation bias and response shift in explanation 

In the third step, we distinguish between explanatory variables (E ) 

cancer site (represented by three dummy variables) and health state (measured 

before and after surgery) and the violator variables (V). In the model associated 

with Step 3, the explanatory (E ) variables had direct effects on the common 

HRQoL factors (A), except for the second occasion health state on first occasion 

common HRQoL factors. The other potential violator variables (V), sex, age, 

optimism, and upward comparison, remained as such and were allowed to 

correlate with each other and with the explanatory variables, but not with the 

common HRQoL factors (see Fig. 1). Explanation bias is indicated by significant 

modification indices for direct effects of the four violator (V) variables on the four 

common HRQoL factors. In this step, there were 16 modification indices to be 

considered, and the Bonferroni-adjusted value was 8.8 (associated with a 

probability of 0.05/16), maintaining a family wise error rate of 5%. The Step 3 

model was modified by changing one parameter at a time, accounting for 

possible explanation bias, until the largest modification index was less than 8.8. 

 

Results 

We report the fit results for the five main models fitted (Table 1), 

however, to save space we give parameter estimates for the final model (Model 

5) only (Table 2). Fig. 1 provides a graphical display of the final model. 

 

 Step 1: Measurement model 

The principal components analysis results reported in the SF-36 test 

manual [5] suggest that PF, RP, and BP were solely associated with PHYS HRQoL; 

MH and RE were solely associated with MENT HRQoL; and SF, VT, and GH were 



 

 

33 

 

associated with both PHYS HRQoL and MENT HRQoL. The measurement model 

can be seen in the lower section of Fig. 1. 

In Model 1, factor loadings and intercepts are not constrained to be 

equal across occasions. Only for the final model (Model 5 in Step 3) are the factor 

loadings and intercepts presented (Table 2 - parts 2a and b). The test of exact fit 

of the measurement model as suggested by the manual was significant (Model 1, 

Table 1), but the RMSEA measure indicated close fit (RMSEA = 0.042). As the 

interpretation of Model 1 was clear, with common PHYS HRQoL and MENT HRQoL 

factors at both occasions, we concluded the model was satisfactory and this 

model could be used to investigate measurement bias, response shift in 

measurement, explanation bias, and response shift in explanation. 
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Figure. 1. Graphical representation of the final model.  
Note: This model is arrived at in Step 3. Dashed arrows represent measurement bias, and 
dotted arrows represent explanation bias. For the sake of clarity, relationships within the 
gray boxes are not shown, and relationships between gray boxes are summarized by a 
single indicative arrow. This means that all attributes A are correlated with each other, all 
explanatory variables E are correlated with each other, and all potential violator variables 
V are correlated with each other. In addition, the double-headed arrow represents all 
correlations between all E and V variables and the single-headed arrows re-present all 
effects and biases. For example, the arrow from the E block to the A block represents 
effects of all E variables on all A variables. In Step 2, we do not distinguish between E and 
V, and all E and V variables are included as potential violators. In Step 1, we only consider 
the lower part of the figure, with measurement variables X and their common factors as 
attributes A. Subscripts 1 and 2 indicate measurement occasion. 
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Table 1.  Overall goodness-of-fit results  
 

Step Model Chi-square df RMSEA 
(90 % conf. int.) 

Step 1. Find meas. model Model 1: Measurement model 113.67 84 0.042 
(0.019 ; 0.060) 

Step 2. Detect measurement 
bias 

Model 2: First model, without 
accounting for measurement bias 

381.06 207 0.065 
(0.054 ; 0.075) 

 Model 3: Final model, accounting for 
measurement bias 

295.51 202 0.048 
(0.036 ; 0.059) 

Step 3. Detect explanation bias Model 4: First model, without 
accounting for explanation bias 

376.58 220 0.060 
(0.049 ; 0.070) 

 Model 5: Final model, accounting for 
explanation bias 

326.03 218 0.050 
(0.038 ; 0.061) 

Notes: N = 202; Chi square refers to the Normal Theory Weighted Least Squares Chi-Square. 

 
 

Step 2: Measurement bias and response shift 

In the second step, all factor loadings and intercepts were constrained to be equal across occasions. Potential violators 

of measurement invariance were included as exogenous variables - cancer site, health state, age, sex, optimism, and upward 

comparison. These variables were allowed to correlate with the common HRQoL factors, but not directly affect the observed 

HRQoL subscale scores. The chi-square measure of fit for this model was significant (Model 2, Table 1), and the RMSEA shows
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that the model had satisfactory fit (RMSEA = 0.065). However, modification 

indices and standardized residuals revealed that the fit of the model could be 

further improved by accounting for instances of measurement bias. 

The relationships between the potential violator variables and the 

observed variables should be explained via their relationships with the common 

HRQoL factors. When this does not occur, measurement bias has been found. The 

results indicated six instances of measurement bias, five of which could be 

considered as response shift in measurement. 

We found two factor loadings that were not equal across measurement 

occasions, which also indicated response shift [15]. The factor loading of GH 

appeared to be not significant at the first measurement occasion; therefore, it 

was constrained to equal zero. In addition, the factor loading of BP on MENT 

HRQoL appeared to be different from the initial zero value, therefore it was set 

free to be estimated. After surgery, MENT HRQoL directly affected patients’ 

perception of BP (0.23) and GH (0.29), but before surgery it did not. Such 

response shift is known as ‘‘reconceptualization’’ response shift *15+. 

The relationship between age and PF was not fully determined by their 

relationships with the common PHYS HRQoL factor. This indicated that PF was not 

just indicative of PHYS HRQoL but also of age. Therefore, a direct relationship 

between age and PF was included (estimated at -0.22 in Model 5, see Table 2c). 

The violation of measurement invariance was consistent across occasions and 

indicated that older patients reported worse PF than younger patients, even if 

their PHYS HRQoL was similar.  

The observed score for GH was not fully determined via the relationships 

of optimism, sex, and upward comparison and the PHYS HRQoL and MENT HRQoL 

factors. These violations of measurement invariance were not consistent across 

time and were considered as response shift in measurement. Optimism had a 

direct effect on GH at the first occasion, whereas sex and upward comparison had 

direct effects on GH at the second occasion. The effect of optimism on GH at the 

first measurement occasion was positive (0.21), suggesting that before surgery 

optimistic patients reported better GH than less optimistic patients, even if their 

true HRQoL was similar. The effect of sex on GH at the second measurement 
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occasion was also positive (0.36), suggesting that after surgery female patients 

reported better GH than male patients, even if their true HRQoL was similar. The 

effect of upward comparison on GH at the second measurement occasion was 

negative (-0.19), suggesting that, after surgery, patients who compare themselves 

to people who do better report worse GH, than those who compare themselves 

to people who do worse, even if their true HRQoL was similar. 

After accounting for these measurement biases, the modified model 

showed improvement and close fit (Model 3, RMSEA = 0.048, see Table 1). The 

largest modification indices were well below the critical value of 12.9. In Model 3, 

the estimates of the common factor means indicated that after surgery patients 

reported worse PHYS HRQoL (effect size d = -0.72) but improved MENT HRQoL (d 

= 0.58). 

 

Step 3: Explanation bias and response shift 

In the third step of the analyses, we distinguished between explanatory 

variables, cancer site and health state, with direct effects on PHYS HRQoL and 

MENT HRQoL, and potential violators of explanation invariance, age, sex, 

optimism, and upward comparison, without direct effects on PHYS HRQoL and 

MENT HRQoL. This more restrictive model, in comparison with Model 3, had 

significantly worse fit (Model 4, Table 1; chi-square difference = 81.1, df = 18, 

P<0.001), indicating that explanation bias was present. 
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Table 2.  Parameter estimates for the Figure 1 model of the measurement and 

explanation of HRQoL of 202 cancer patients assessed before and after surgery 

 

Factor loadings
(a)

 Before surgery After surgery 

 PHYS HRQoL MENT HRQoL PHYS HRQoL MENT HRQoL 

PF 0.47  0.47  
RP 0.61  0.61  
BP 0.31  0.31 0.23

(a)
 

SF 0.27 0.48 0.27 0.48 
MH  0.72  0.72 
RE  1.10  1.10 
VT 0.36 0.30 0.36 0.30 
GH 0.17  0.17 0.29

(a)
 

Intercepts
(b)

 Before surgery After surgery 

PF 3.91  3.91  
RP 2.96  2.96  
BP 3.74  3.74  
SF 3.76  3.76  
MH 3.25  3.25  
RE 2.90  2.90  
VT 3.14  3.14  
GH 3.02  3.02  

Explanatory 
effects

(c)
 

Before surgery After surgery 

 PHYS HRQoL MENT HRQoL PHYS HRQoL MENT HRQoL 

Lung cancer (vs 
cervical) 

0.32 0.29 0.06 0.43 

Pancreatic cancer 
(vs cervical) 

-0.02 0.70 0.36 0.46 

Esophageal cancer 
(vs cervical) 

0.29 0.42 0.72 0.31 

Health state 
before surgery 

5.66 0.88 0.76 0.09 
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Health state after 
surgery 

  3.95 0.91 

Measurement 
bias

(d)
 

Before surgery After surgery 

Age  PF -0.22  -0.22  

Optimism  GH 0.21
(d)

  0.00  

Sex (female)  GH 0.00  0.36
(d)

  

Upward Comp.  
GH 

0.00  -0.19  

Explanation bias
(e)

 Before surgery After surgery 

Optimism  
MENT HRQoL 

0.30  0.30  

Upward comp.  
MENT HRQoL 

-0.38  -0.38  

 
Notes: (a) across time differences between factor loadings indicate (reprioritization or 
reconceptualization) response shift; (b) across time differences between factor loadings 
indicate (recalibration) response shift;  (c) effects of cancer site and health state on HRQoL; 
coefficients in italics are not significant at 5% level; (d) across time differences in 
measurement bias indicate response shift in measurement; (e) across time differences in 
explanation bias indicate response shift in explanation.  Not shown: means, variances and 
covariances of common and residual factor 
 

In regards to explanation bias (Table 2e), it was found that for both 

optimism and upward comparison, the relationships with MENT HRQoL were not 

fully explained through their relationships with health conditions. The positive 

effect of optimism on MENT HRQoL (0.30) suggests that patients with higher 

optimism scores also have higher MENT HRQoL scores. The negative effect of 

upward comparison on MENT HRQoL (-0.38) suggests that patients who compare 

themselves to people who do better have lower scores on MENT HRQoL. Both of 

these relationships were consistent across measurement occasions, therefore, we 

do not consider these biases to be response shift. Table 2d gives the explanatory 

effects of cancer site and health status on PHYS HRQoL and MENT HRQoL. To 

enable mutual comparison, these coefficients are standardized. The results 

revealed that eight of the 12 cancer site effects were insignificant (in italics in 

Table 2d). Also, the effects of health status on PHYS HRQoL were very large, and 
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the effects of health status on MENT HRQoL were much smaller but still 

substantial. After accounting for explanation bias, the modified model fitted 

closely (Model 5 RMSEA = 0.050, Table 1), and the largest modification index was 

well below the critical value of 8.8. 

 

Discussion 

In this study we found examples of measurement bias, response shift in 

measurement, and explanation bias, but no response shift in explanation. When 

investigating from the measurement perspective in Step 2, two SF-36 scales (PF 

and GH) were identified that should measure HRQoL exclusively, but actually are 

indicative of something else as well; in this example, age, sex, optimism, and 

upward comparison. In regards to response shift, the results indicate that 

patients have reconceptualized their perception of BP and GH after surgery. 

Before surgery, responses to BP and GH items reflected PHYS HRQoL only. After 

surgery, the responses are also affected by MENT HRQoL. In addition, GH scores 

were directly affected by sex, optimism, and upward comparison. Apparently, the 

GH scale is vulnerable to bias. We think that this may be because it consists of 

general, unspecific questions, leaving room for respondents to attach their own 

meaning to these items, and allowing sex, optimism, and upward comparison to 

affect the response given. 

When investigating from the conceptual perspective in Step 3, two 

instances of explanation bias were identified. These results suggest that optimism 

and upward comparison directly affect MENT HRQoL, independent of patients’ 

actual health conditions. These effects were consistent across time; therefore 

they are not referred to as response shift. 

We have confidence in our results, given the stringency of the 

procedure. However, it should be noted that the sample size of 202 patients 

might be considered small relative to the number of parameters estimated and 

statistical tests. However, we have almost 100% power to reject the hypothesis 

that the model does not fit our data (according to a power analysis based on 

RMSEA values of 0.05 and 0.10) [19]. Confidence in the results would 

nevertheless be increased if these were replicated in a new study. 
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The order of the steps presented here is necessarily hierarchical and 

must not be ignored. If the measurement model fitted in Step 1 has poor fit or an 

ambiguous interpretation the results in the following steps will have little 

meaning. The same applies for Step 2, if all measurement biases are not 

accounted for, the results in Step 3 will be unreliable. Thus said, in this particular 

study, the results did not reveal a large impact of the apparent measurement and 

explanation biases on other model parameters such as factor loadings (i.e., A/X ), 

factor means (i.e., mean [A])and regression effects (i.e., E/A). 

The detection and interpretation of bias and response shift are not 

always as straightforward as it may first appear, even when a well-fitting, 

interpretable model is found. An example of this can be found in Step 2 where 

measurement bias was found in PF as caused by age. In this example, we chose to 

allow age to have a direct effect on PF as though the measurement bias is in the 

PF scale. However, this may not be true, as the PF scale contains specific 

questions that can be answered almost objectively. There does not appear to be 

much room for individualized interpretation of the PF items, whereas the other 

SF-36 scales measuring PHYS HRQoL allow more room for subjective 

interpretation. It may therefore be more appropriate to have measurement bias 

accounted for by age effects on these scales, instead of on PF. This would result in 

another model, with the same fit, albeit less parsimonious. Here, we chose the 

model with measurement bias in the smallest number of scales, producing a 

more parsimonious model. 

The order of modifications to the model also introduces a source of 

subjective decision-making. Often in SEM there are multiple parameters with 

similar modification indices. If the researcher attends to the largest problem first, 

the second largest problem may disappear, and the other way round. Generally 

speaking, statistics alone should never be the only guide in these decisions. 

Substantive theory, the research question, and past research results should play 

the lead role in deciding how to improve the model. In addition, one should 

always explore different paths in model modification. A final model that is arrived 

at from different paths warrants confidence. 
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An issue specific to the conceptual perspective is that the distinction 

between explanatory variables and violating variables may not always be clear. In 

the absence of prior knowledge, analysis can start by handling all variables as 

potential violators and during model-fitting it can be decided which of the 

variables are explanatory and which are violator variables. However, to avoid 

unjust data exploration and chance capitalization, we strongly recommend 

researchers to have a well-defined and clear understanding of the research 

questions and hypotheses and use these to direct the definition of explanatory 

and violator variables. The list of potential violator variables, from either the 

measurement or conceptual perspective is almost endless. Again, the researcher 

must choose appropriate violator variables to the substantive research questions 

under consideration. 

There have been a number of studies investigating response shift; 

however, not all use the same definition of response shift or use the same 

detection methods. To highlight the differences in measurement and conceptual 

perspectives on response shift, different definitions were proposed for each 

perspective [1]. The current analysis applies a hierarchical procedure addressing 

each perspective separately. By focusing on one perspective at a time, insight into 

potential measurement bias, explanation bias, and response shift is facilitated. 

We hope this approach will help researchers to better understand and explain 

true change in attributes of interest. 
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