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ABSTRACT Score transformations are usual and necessary part of different assessment tools in health research and psychology.
Conditions to use transformations usually include the assumptions on normal distribution or taking into account

the dispersion of the data. However, the distributions are not always normal, while dispersion is strongly dependent on the levels of sample's
homogeneity-heterogeneity levels. In addition, the use of different scales for particular phenomena makes the comparability of the findings
across different studies not always feasible. Therefore, in this article one new transformed indicator is proposed - the score-to-percent
coefficient (STP). Its potential includes psychological as well as general health research, with potential to solve the issues of transformations
mentioned above.

Introduction

Health research is an area with a very wide range of phenomena
under investigation. However, the concepts and constructs are not
always feasible to evaluate objectively. The causes for this may be
the complexity of phenomena, lack of agreement on secondary
criteria and subjective nature of psychological or mental health
constructs. Therefore, researchers have constructed many tools for
measurement of particular phenomena under study. This has led to
a broad variety of different scales being used in health research and
clinical practice. In sum this creates a scientific and practical
problem of comparability of the findings based on those measures
across different contexts, since the scales have not only different
calculation techniques but also different ranges. There are some
standardized agreements, such as the intelligence quotient
(Wechsler, 1958) set at the mean score of 100, but the majority of
other psychological phenomena have much more variety and rules
to subgroup. Only some phenomena have a clearly defined golden
standard and application, such as Type D personality measured by
DS14scale (Denollet, 2005).

In contrast, an example of a phenomenon measured by scales that
are not unified and therefore are with complicated comparison is
the Type A personality assessed using the Jenkins Activity Survey
(Jenkins, 1965), the Bortner Short Rating Scale (Bortner, 1969), the
Framingham Type A Behavior Pattern Scale (Haynes et al., 1978) and
others. Though they all measure the Type A behavior pattern, none
of them is regarded being golden standard. This creates a situation
in which the findings from studies that use different scales lead to
restricted extrapolation and generalizability since it is not possible
to properly compare not only the findings among the studies but
eventhe studies samples meanindicators.

Similar issues arise even within one measurement tool that is
designed to measure different dimensions of a certain
phenomenon. For instance, in case of the Big Five Inventory (John &
Srivastava, 1999) there are 44 items with various numbers of items
per construct (extraversion has 8 items, conscientiousness — 9,
openness — 10 etc.). This leads to a situation where one cannot
compare the mean expression of separate sub-constructs within a
sample, since the maximum scores of the sub-scales differ.
Considering another example, the DS14 scale is a very convenient
outlier both being a golden standard measure as well as having an
equal number of items per dimension. However, it is a rare example
ofthiskind.

Therefore, the scoring is one of the key steps and milestones in the
assessment and analysis of phenomena that are approached using
the standardized scales. In order to increase the comparability of
scale-based findings, researchers use score transformations in
biomedical as well as social research using standardized indicators
instead of the original scores.
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There have been some attempts to solve the issue of different scale
ranges through standardization of the central position and
dispersion indicators, mainly using the mean- and standard
deviation-related measures. However, these transformations are
very sensitive to the variation within a certain sample - therefore,
the comparability of the findings across different studies is also
limited due to different heterogeneity of the samples in studies and
dueto specificity of that samples.

Among descriptive score transformations, the main popular
approaches include Z transformation, T transformation, standard
score, stanine, percentile rank etc. The majority of such
transformations are based on assumptions about normal
distribution which may not always be correct, particularly in cases of
specific samples. The distribution can be not only skewed, but have
a large ceiling effect (Nasreddine, 2016) or outliers. There are also
other transformations that are based on actual sample distribution,
with the description of specific values in terms of where they liein a
sample or in the assumed general population. The example of this
kind is percentile rank, informing about a single value's rank
converted to percentile within the sample, again, based on
assumptions of normal distribution. On the other hand, there are
borderline situations where the assumption on normality solely
based on P-value may be misleading, especially in case of under- or
overpowered studies.

Thus, as mentioned above, the normality assumptions may not
always be true and therefore should not be applied in such
situations like skewed, clinical or pathology-related phenomena
which are usually asymmetrical. On the other hand, rank-based
transformations are very sensitive and dependent upon the
sample's peculiarities, and especially - depending on the extent of
homogeneity. Thus, if the study is conducted in a relatively
homogeneous sample, even the minor differences in raw scores
may end up as remarkable differences in rank-based scores, while
comparing that same scale and its transformations in a rather
heterogeneous sample that same raw score differences may end up
inasmallergap of percentile ranks.

Therefore, this article tries to review, discuss and propose an
additional approach to score transformations, with the potential for
use in health research and psychology. In this article it is referred to
as the score-to-percent (STP) coefficient. One of the main potential
advantages of the STP is its transferability across different samples,
scalesand phenomena.

Calculation of the STP Coefficientandits Use

The suggested coefficient has already been used previously in some
studies. However, this method has had no consistent applications
and name so far. The STP coefficientis an indicator showing where a
certain score of the scale is within a theoretical (not just observed)
continuum of that scale or subscale scores (see Formula).
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Actual raw scale score — Minimum possible scale score
Mazimum possible scale score — Minimum possible scale score

STP =

100 (x100)

This way of calculation has already been applied in health research
but rather sporadically, with the majority of examples found in
quality of life assessment. However, it was also used in other
contexts, including various psychological studies (Table 1). Usually
authors call it 'transformed score' even though it is not specific as a
term - as mentioned above, there many different types of
transformed scores. In addition, even though this way of calculation
is seemingly optional or occasional, it is strongly recommended for
the Short Form Health Survey (SF-36) questionnaire because the
transformed scale scores can be compared with the norms (Ware et

al., 1993).

Table 1. Examples of previous applications of STP coefficient.

Scale Reference Original formula

General Health Davies et al., Transformed score = ([actual
Rating Index 1988 raw score — lowest possible
(GHRI) raw score]/ [highest possible

raw score — lowest possible
raw score]) x 100

Diabetes Quality
of Life Measure
(DQLM)

Jacobson, 2013;
based on SF-36
principle of
calculations [IRC
1991]

Transformed score = ([raw
score — lowest possible scale
score]/possible scale score
range) X 100

Short Form Health
Survey (SF-36)

Ware et al., 1993

Transformed scale = [(actual
raw score - lowest possible
raw score) / possible raw
score range] x 100

Stroke Impact
Scale (SIS)

primary version
[Duncan et al.,
1999];

current version
[Mulder &
Nijland, 2016]

Domain score = [(Mean item
score — 1) /41 x 100

World Health
Organization
Quality of Life
Scale-Brief
(WHOQOL-BREF)

Bonomi et al.,
2000

Transformed scale = [actual
raw score - lowest possible
raw score / possible raw
score range] x 100

Uterine Fibroid
Symptom and
Quality of Life

Spies et al., 2002

Transformed score = ([actual
raw score — lowest possible
raw scorel]/possible raw

Questionnaire
(TFEQ)

(UFS-Qol) score range) X 100
Three-Factor de Lauzon et al., |((raw score — lowest possible
Eating 2004 raw score)/possible raw

score range) X 100

Restless Legs
Syndrome Quality
of Life
Questionnaire
(RLSQol)

Abetz et al., 2005

(lactual raw score - lowest
possible raw score]/
[possible raw score range]) x
100

IKDC Subjective
Knee Evaluation
Form

Magee (2014), p.
800

IKDC score = [raw score —
lowest possible score /
range of scores] x 100

The Diabetes-39

Tulloch-Reid &
Walker, 2009

Transformed scale = ([raw
score - lowest possible
score]/raw score range) X
100.

Overactive
Bladder
Questionnaire,
Short Form
(OABq)

Trabuco et al.,
2016

Transformed score = [actual
raw score — lowest possible
raw score / possible raw
score range] x 100

Strengths and Drawbacks

The main strength of STP coefficient is its standard nature ranging
from 0 to 100, with the assumed average of 50. However, it is
sensitive to symmetry, therefore it should be carefully used for

phenomena that do not have theoretically or empirically
established symmetrical distributions, for example, skewed
depression scales. Nevertheless, accumulating evidence with STP
estimates may propose some potential even for those asymmetrical
scales, enabling for instance to compare phenomena. For example,
if the feature has a usual STP of 20, it can be considered as highly
expressed in samples where STP is 30 or 40. Very practical point is
that the comparison of health-related phenomena and
psychological indicators can be made both within and between the
scales by analyzing subscales and inter-scale comparisons.

Another advantage of STP coefficient is its simplicity of calculation.
Also, this indicator does not have the assumptions on normal
distribution, rather describing the score within the scale’s
theoretical range without taking into account sample
characteristics or assumptions. The transformed scores that are
based on point estimates in the context of normal curve (such as
percentile rank) are sensitive to the sample’s actual distribution and
level of homogeneity-heterogeneity. For example, when
comparing the mean point estimates across different studies on the
same scale but with a different variance, the same mean point
estimate may transform to different scores simply due to different
variability of the sample.

There is also a potential for larger applications if used for meta-
analysis, since certain phenomena can have different instruments
for assessment. However, since STP is not an effect size measure but
a descriptive point estimate, coefficient would be more useful for
combined description of phenomena rather than for inferential
analyses.

Nevertheless, it should be noted that the STP coefficient should not
be used to compare entirely different phenomena, e. g. stating that
someoneis more extravert based on the Big Five scale than he or she
isType Abased on the Jenkins scale. It can also be supposed that the
use of STP should be careful in case of relatively short scales due to
their narrow range of possible values. However, the expression of
similar phenomena or sub-constructs could be compared through
the STP.

The STP is descriptive in its nature and does not interfere with well-
known indicators of neither descriptive nor inferential statistics. This
coefficient can be calculated for separate study subject as well as for
subgroups or the whole sample under study. In addition, it enables
to define the dominant sub-construct of the scale within certain
individuals, such asin case of the Big Five.

Inter-scale comparisons based on the STP coefficient may reveal
some consistent patterns with certain scales showing consistently
lower coefficients than others. Theoretically it may suggest that the
scales with the higher coefficients include items with more
expression of the construct that is under study. However, this
difference should not serve as an indicator for the appropriateness,
reliability or validity of one scale versus another.

Another point of caution is the log-transformations of the score. For
inferential statistics’ purpose, it could be transformed; however, its
practical sense in this case would be fully lost unless it is back
transformed. However, in contrast to other transformations, the STP
coefficient per se does not need back transformation, staying well
interpretable with its transformative nature.

To conclude, it can be suggested that the STP coefficient s relatively
simple transformed measure applicable for comparisons of
phenomena and sub-constructs that are measured using different
tools. Compared to the other transformed measures, it does not
have assumptions on normal distribution and is not sensitive to
heterogeneity of the samples. The best potential of the STP
coefficient is possible (but not limited to) for quality of life in
biomedicine and for personality assessmentin psychology.
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