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Method Variation in Calculating Perceived Change 
 

A Simintiras, Swansea University  
N Reynolds, University of Bradford  

 
Abstract 

 
Motivated by findings in the literature suggesting that error attributed to measures used in 
generating retrospective reports are excessive, this study explores error attributed to methods 
that individuals use for calculating change retrospectively. Preliminary findings indicate that 
method variation is present which, in turn, affects the reported change scores (i.e., the scores 
varied as a function of the calculation method used). These findings suggest that the accuracy 
and comparability of retrospective reporting might be improved if one controls for inter-
individual calculation method variation. A brief discussion of the implications of the results 
along with suggestions for future research is provided. 
 

Introduction 
 

According to Dowling (2001) simple, common-sense ideas of how to measure change in 
marketing settings can often result in ambiguous and possibly incorrect conclusions being 
drawn. The overwhelming conclusion is that in contrast to ‘before-after’ designs (Byrne and 
Crombie, 2003), the “use of retrospective accounts in management research needs to be 
seriously questioned” (Golden, 1992:857). However, given a) the limited research into the 
intricacies of measuring change retrospectively, b) the popularity of retrospective reports, and 
c) findings suggesting that error attributed to informant fallibility is not excessive but error 
attributed to measures used in generating the retrospective reports is excessive (Miller et al., 
1997), this study examines whether or not there is calculation method variation that could 
account for error in retrospective reports of perceived change. 
 
The purpose of this study is to examine the method(s) that individuals use to calculate change 
retrospectively for successive past time periods. The paper provides a brief review of the 
concept of change and its measurement, and presents an approach for identifying and 
describing different calculation methods. The paper concludes with a discussion of the 
benefits accruing from the findings in the light of the study’s limitations. 
 

The Measurement of Change 
 
The basic approach to measuring change is to calculate the simple difference between 
multiple measures of the same variable over time. For example change of variable X of a 
person j (j = 1, 2, 3…, n) over two time periods can be expressed as: Cx= X1j – X2j, where Cx  
is the change score, X1j is the variable X measured in time period 1, and X2j  is the variable X 
measured at time period 2. 

 
The main research designs for gathering change data are longitudinal and cross-sectional. In 
longitudinal - as in ‘pretest-posttest’ - designs the pretest is administered before the 
intervention (treatment) and the change is measured as the difference between pretest and 
posttest scores (Goldstein, 1968). In cross-sectional designs, ‘retrospective pretests’ are 
administered at the end of the intervention (treatment), at the same time and often on the 
same form as posttest ratings (Hill and Betz, 2005). Usually, respondents are instructed to 
think about and complete the retrospective ratings first and then to complete their ratings as 
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they apply at present. The change is assessed as the difference between ‘thentest’ and 
‘posttest’ scores. Another design for measuring change retrospectively is the ‘perceived 
change’ where respondents are instructed to report perceived change, which may (or may 
not) be the result of an intervention (Lam and Bengo, 2003). 
 

Validity Concerns 
 
Data from longitudinal and cross-sectional designs have inherent weaknesses as far as their 
validity is concerned (Hilton and Patrick, 1970). In longitudinal studies, (e.g., pretest-
posttest) when a sample of individuals is tested for the second time and a change is observed, 
it is difficult to establish whether the observed change is alpha, beta or gamma type change 
(Golembiewski et al., 1976). “Alpha change – occurs when the meaning of the construct to 
the respondent and the psychological interpretation of the units of measurement on the 
‘measurement rule’ stays the same, but the level of the measurement on this rule changes; 
beta change – arises where the meaning of the construct to the respondent stays the same, but 
the respondent subjectively recalibrates the ‘measurement rule’; and gamma change – occurs 
where the conceptual domain of the construct … is radically altered in such a way as to make 
the previous meaning of the ‘measurement rule’ irrelevant.” (Dowling, 2001:56). 
Consequently, the observed changes may be solely the result of the intervention (e.g., alpha 
change), or they may be due to error (e.g., beta change and/or gamma change).  

 
In cross sectional designs for measuring change retrospectively (e.g., ‘thentest-posttest’ and 
‘perceived change’) the overwhelming evidence is that these measurements suffer from 
multiple forms of bias. According to Smith (1984), there are notable problems relating to 
forgetting and memory distortion and the three most common errors are: (1) Forgetting (see 
Beckett et al., 2001); (2) Time displacement (see Huttenlocher et al., 1990); and (3) 
Distortion (see Beckett et al., 2001). Errors are also caused by imperfect recall capabilities 
(see Erickson and Simon, 1980), the influence of the Law of Small Numbers and the 
accessibility principle (see Brown et al., 1986), the over-response to vivid information (see 
Huber and Power, 1985) and the hindsight effect (see Fischhoff, 1982). The hindsight bias 
leads individuals to “consistently exaggerate what could have been anticipated in foresight.” 
(Fischhoff, 1982:341). Another source of error, is the possibility of inaccurate reporting due 
to a conscious misrepresentation (Sudman and Bradburn, 1974) in order to be more congruent 
with self perceptions and an attempt to present an image more in line with what they feel to 
have occurred or to give a more ‘socially desirable’ response (Powers et al., 1978). 

 
Proponents of ‘pretest-posttest’ argue that the validity concerns inherent in retrospective data 
result in unacceptable levels of measurement bias; proponents of ‘thentest-posttest’ argue that 
response shift bias (i.e., gamma change) poses a greater problem than self report bias. Both 
sets of validity concerns result in the same prediction; namely, the change scores calculated 
from true pretest scores will be smaller than those calculated from retrospective pretest scores 
(Norman, 2003). Those who favor the ‘pretest-posttest’ designs and those who favor the 
‘thentest-posttest’ designs, however, interpret the discrepancy between the change scores, 
differently. Hill and Betz (2005) concluded that replacing traditional (pretest-posttest) with 
retrospective pretests (thentest) does not eliminate bias, and recommended the use of pretest-
posttest for examining the intervention effects and ‘thentest-posttest’ for investigating 
subjective experiences of intervention-related change.  
 
Tompkins and Cheney, (1983), stated that it is doubtful that an accurate representation of 
most types of actions or behaviors can be produced, and Singer (1977) argued that there is no 
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way to tell how accurately subjective appraisals of change reflect objective conditions; often, 
these appraisals appear to reflect a comparison between what is and what was expected, 
rather than a comparison between what is and what was. Therefore, subjectively reported 
change, is not a good substitute for measures of change derived from ‘before-after’ designs 
though, at times, it may be the only alternative (Singer, 1977). 

 
Measuring change retrospectively calls for an understanding between ‘perceived change’ and 
‘actual change’. Specifically, ‘perceived change’ ought to be concerned with the experienced 
change (i.e., perceived magnitude) rather than the actual change (i.e., absolute magnitude). 
On the usefulness of measuring ‘perceived change’, Blane (1996) has argued that careful 
examination of issues pertaining to ‘which items of information can be recalled with what 
degree of accuracy’ and ‘how accuracy can be improved’ constitutes a more constructive 
approach (Berney and Blane, 1997) rather than the ad-hoc rejection of this type of data as 
invalid. Consequently, the method individuals use to calculate change in retrospective studies 
becomes an important issue as it impacts on the accuracy of reporting; this study, investigates 
only the method variation in calculating change without taking into consideration the 
accuracy of the recall of past events. 

 
Methodology  

 
In order to investigate whether individuals use different methods for calculating perceived 
change retrospectively, a sample of MBA students (n=30) was asked to complete a simple 
exercise. Initially, students were asked to choose an activity that they were engaged in the 
past. The range of activities provided was: sports, entertainment and shopping. Next, 
respondents were asked to recall and report the number of hours spent on average per week 
on the chosen activity in year 2002 and then recall and report activity change for each of the 
following three consecutive years (i.e., 2003, 2004 and 2005). In addition, subjects were 
asked to a) calculate the change in the number of hours (in percentages) for each time period, 
b) estimate the overall change (increase, decrease or no change) in the number of hours for 
the entire period (2002 to 2005), and c) calculate the percentage change for the entire period 
(2000-2005). Specific instructions were given to subjects prior to the exercise and they were 
allowed the time needed to recall, calculate, and report activity change (Threlfall, 2002). 
Furthermore, the subjects were asked to provide written information regarding the method 
they used to calculate percentage change for each year and for the entire period. This 
approach is based on Barnett and Carroll’s (1995) suggestion that change to be reported 
should be repeatable and hence comparable across repetitions. Three waves of pre-tests 
carried out before the final version of the exercise (questionnaire) was finalized. Subjects 
used for the pretests were postgraduate students, other than MBAs, and academic staff.   
 

Preliminary Findings 
 

The breakdown of the chosen activities was as follows: sports (n=14), shopping (n=10), and 
entertainment (n=6). The sample comprised 19 males and 11 females from 13 different 
countries. A large number of respondents (n=13) returned non-usable answers - five subjects 
failed to report change for more than one period, whereas the calculations of the other 8 
respondents were numerically inconsistent. The remaining 17 subjects provided logical 
consistent calculations and their answers were examined further to identify the calculation 
methods that they used. Four clearly identifiable methods were found. These are: Initial-base, 
Re-base, Cumulative, and Adjustment. The usage frequency of each method is shown in 
Table 1: 
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Table 1: Frequency of calculation methods used per chosen activity   

 Initial-base Re-base Cumulative Adjustment Total 
Sports 3 3 0 2 8 
Entertainment 1 2 0 1 4 
Shopping 2 2 1 0 5 
Total 6 7 1 3 17 

 
The most frequently used methods were the ‘Re-base’ and the ‘Initial-base’ (7 and 6 
respondents respectively). Two of the respondents used more than one method. One 
respondent used the re-base method for calculating change for the first two years and the 
adjustment method for the third year, whereas the other respondent used the re-base method 
for the first two years and the initial-base method for the third year.  
 
Description of Methods for Calculating ‘Perceived Change’  
 
For illustrative purposes and consistency in presenting the methods, it is assumed that the 
initial base at t2002 was 10 hours on average per week and that a respondent recalled the 
following increases in number of hours (average per week) for the chosen activity: For t2003, = 
4 hours, for t2004, = 2 hours, and for t2005 = 3 hours. The percentage change reported for each 
method is shown in Table 2; how these percentages are reached is explained below. 

 
Table 2: Percentage change reported in hours of activity  

Percentage change reported  Hours of  
Activity Initial-base Re-base Cumulative Adjustment 

t2002 10 --- --- --- --- 
t2003 14 40% 40% 40% 40% 
t2004 16 20% 14% 60% 50% 
t2005 19 30% 19% 90% 150% 
“Total” change 90% 73% 190% 240% 

 
Initial-base method: Respondents using the initial-base method treated the first time period 
(e.g., year) as a base for subsequent calculations. The reported percentage change for each 
time period was calculated using the initial base (number of hours spent on activity at t2002 for 
each time period (e.g., t2003, t2004, and t2005). For example:  

t2003 = (4/10) x 100 = 40%; t2004 = (2/10) x 100 = 20%; t2005 = (3/10) x100 = 30%. 
Overall perceived change = 40% + 20% + 30% = 90% (or 9/10 = 90%). 
 

Re-base method: Respondents using the re-base method treated each time period (e.g., year) 
as a new base for calculating change for the next period. The percentage change for a period 
was based on the total number of hours calculated for the previous period. For example:  

t2003 = (4/10) x100 = 40%; t2004 = (2/14) x100 = 14%; t2005 = (3/16) x100 = 19%. 
Overall perceived change = 40% + 14% + 19% = 73% (or 4/10+2/14+3/16 = 409/560 = 
73%) 
 

Cumulative method: The cumulative method was used by one respondent, who calculated 
change cumulatively for each successive time period. Consequently, the change for one 
period depended on the change of the previous period (change for a preceding period was 
combined with the change of the new period under consideration cumulatively). For example:  
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t2003 = (4/10) x100 = 40%; t2004 = (6/10) x100 = 60% (e.g., 4 hours for the first period + 2 
hours for the second period); t2005 = (9/10) x100 = 90% (e.g., 4 + 3+ 2 = 9). 
Overall perceived change = 40% + 60% + 90% = 190% (or 19/10 = 190%). 
 

Adjustment method: Three respondents used the adjustment method. They calculated activity 
change relative to the change of the preceding period. More specifically, respondents started 
from the initial base and proceeded to estimate percentage change for each successive period 
using as a base the change in the previous time period. For example:  

t2003 = (4/10) x100 = 40%; t2004 = (2/4) x100 = 50% (e.g., 2 hour change in the second 
time period relative to a 4 hour change for the first time period); t2005 = (3/2) x100 = 
150% (e.g., 3 hour change in the third time period relative to a 2 hour change for the 
second time period). 
Overall perceived change = 40% + 50% + 150% = 240% (or 4/10+2/4+3/2 =24/10 = 
240%). 
 

The above findings indicate that inter and intra individual calculation method variation exist 
and this variation results in different scores in perceived change.  
 

Discussion 
 
This study informs researchers of the impact of method variation on the comparability of 
retrospective measures of change, though the small sample size and the large number of non-
usable responses is a cause of concern. Establishing whether or not the differences in 
retrospective measurements are due to inaccurate and biased recall of past events (e.g., 
memory failure, telescoping effects) or method variation is important. The focus of the 
existing literature is on recall bias as opposed to error due to method variation in calculating 
change. From a practical perspective, scores resulting from inter-individual method variation 
can be recalibrated and compared, but only when the researcher has a-priori information of 
the method used by each respondent. In that case, the problem of method variation might be 
contained to the level of respondents’ ability to use the chosen method correctly and 
consistently.  

 
Intra-individual method variation was also found to affect the reported change scores; this 
poses an additional threat to the interpretation of change scores. The critical issue, however, 
is whether or not intra-individual method variation influence goes beyond the reported scores 
to cause distortions in memory as, perhaps, reflected by the disaggregating mechanism in the 
process of estimating perceived change. Inter-individual calculation method variation 
influences the comparability of scores. Intra-individual method variation influences go 
beyond memory and telescoping effects to the structuring and manifestation of the process of 
recall itself (i.e., accuracy). Both are areas in need of further research. 

 
The range of methods identified in this study is not exhaustive. The findings suggest that 
there is an influence of calculation method used on the reported scores of perceived 
percentage change. Also, from the numerically inconsistent results of eight of the excluded 
respondents, there is tentative evidence suggesting that individuals alternate between methods 
causing intra-individual method variation. Although the findings can be considered by 
researchers measuring change retrospectively, the entire area requires a more comprehensive 
analysis and a more holistic approach.  
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