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ABSTRACT

This study addresses the test reliability of a screening test and stability of children’s cognitive functioning.
Children aged 5 to 8 years in western Sydney were assessed on three occasions. The first assessment
provided a baseline, with the second assessment at 2-, 4-, or 12-week intervals. The final assessment was 4
weeks later. Indicators of reliability and stability suggested that a distinction can be made between test
reliability and the phenomenon (cognitive functioning) stability. Cognitive functioning was assessed using the
School-Years Screening Test for the Evaluation of Mental Status (SYSTEMS). The findings have implications
for indicators of reliability and stability of cognitive assessments in developmental research and clinical
practice.

The major aim of this study was to investigate the notions of test reliability and phenomenon
stability, applied to a new screening test of children’s cognitive functioning ' A distinction between
test reliability and phenomenon stability has been suggested by Baltes et al,? Bjorklund,3
Nesselroade,” Nesselroade et al, ®> Wu et al® and researchers have provided measurable indicators
for the distinction, such as Heise, "® Nesselroade, * Valera,® Wiley and Wiley, ' and Wu et al.’.
This study used the single indicators of reliability and stability developed by Heise (1969) applied to
a single test of cognitive functioning "

The Reliability of a Test

Reliability is defined by researchers and statisticians as an indicator that provides information
about the uniformity of a test when repeated measures are conducted. Baltes et al defined
reliability as the consistency of measurements that purport to measure the same thing. 2 Crocker
and Algina explained that reliability determines the reproducibility of a test when scores remain
consistent over time for the same test forms or alternate forms."" Reliability may be in the form of
test-retest, split half or alternative form instrument '2. Test-retest reliability is the most obvious form
of investigating changes over time '*. It involves the use of the same test repeated over time and is
defined as the extent to which test material can be relied on to measure a characteristic
consistently over time with the same test material 2 The Standards for Educational and
Psychological Testing state that test-retest reliability is ‘a reliability coefficient obtained by
administering the same test a second time to the same group after a time interval and correlating
the two sets of scores’."
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The Stability of a Test

Stability is an aspect of reliability and many researchers report that a highly reliable test
indicates that the test is stable over time. The definition of stability given by the Standards for
Educational and Psychological Testing is ‘the extent to which scores on a test are essentially
invariant over time. Stability is an aspect of reliability and is assessed by correlating the test scores
of a group of individuals with scores on the same test, or an equated test, taken by the same group
at a later time’."® This definition clearly focuses on the measurement instrument and the obtained
test scores in terms of test-retest stability. Many researchers report test-retest stability, for
instance, Berry et al correlated an initial test with a post-test and reported stability determined for a
self-efficacy questionnaire, " of note is that they did not report on the stability of self-efficacy as
such.

The Stability of the Phenomenon Being Measured by a Test

Although stability is considered to be an aspect of reliability it may alternatively be regarded as
distinct from reliability. > Baltes et al maintained that in developmental research a distinction
should always be made between the notions of reliability and stability. They argued that reliability
should refer to the repeatability of a test, whereas, stability should refer to the repeatability of what
is being measured, that is, the phenomenon.? In arguing that stability is a quality of a person being
firmly similar over time Gergen (1982) supports the distinction claim. '° Nesselroade et al also
define reliability and stability as distinct concepts.® They argued that the psychometric properties of
a test should be viewed as distinct from the psychological processes that are measured by the test
and that they should be viewed in terms of reliability and stability respectively. °

In a recent paper, Wu et al clarified the theoretical position and the practice of distinguishing
between reliability and stability. They state “The important distinction between reliability of the
measurement instrument ... and stability of the phenomenon being measured over time ... is,
unfortunately, obscured by the practice of using test-retest correlations to estimate reliability” .
Although, it is clear form the definitions of reliability and stability that a test-retest design is required
to determine the test reliability and stability of psychological processes. 2 Most test-retest
correlations use of the Pearson product moment correlation coefficient, the Spearman rho
coefficient was more appropriate for the current study. In a review of literature, Ottenbacher
reported that in 30 studies the most commonly reported reliability statistic was the Pearson product
moment correlation. '® However, Bjorklund argued that in the investigation of children’s intelligence
the test-retest correlation should be referred to as “the extent to which different children maintain
their rank order over time in comparison with their peers”.3 The Spearman correlation coefficient
involves the values of each of the variables being ranked from smallest to largest, and the Pearson
correlation coefficient is then computed on the ranks."’

Indicators of Reliability and Stability

It is argued that to show the distinction between the notions of reliability and stability, there
should also be a distinction between measurement methods for the two notions of reliability and
stability. Nesseloade et al, in recommending that reliability and stability be measured with two
distinct methods, used separate measures of test reliability and construct stability. > They
contended that the reliability of an instrument should be measured by the correlation between two
similar test forms, and that stability is shown with the test-retest correlation between two same test
forms measuring the phenomenon of interest (in their study example, anxiety was measured). > Wu
et al and Nesselroade conducted structural modeling to determine different measures of reliability
and stability with various test forms.*® Tisak and Tisak suggest that, in longitudinal designs utilizing
multiple measurement forms, ‘normal stability’ can only be labeled as so with the use of latent curve
models (LCM) and latent state-trait models (LST) integrated into one LC-LSTM model.”® They
argue that stability is defined “from the decomposition of latent trajectories into sets of basis curves
and individual saliences ”."® and the maintenance of rank-order over time.' They suggest three
measures coefficients for reliability — systematic, static and dynamic - for a test at each
measurement interval. Although this method may be appropriate, in many clinical situations only
one test form is utilized and available for determining reliability estimates.'®
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An alternate approach to utilizing multiple indicator models is to utilize only one test form. Heise,
in arguing for a separation between reliability and stability, used path analysis to develop two
separate measurement equations based on the test-retest correlations of one test form. ” These
equations included an indicator for test reliability and a indicators for stability. He asserted that test-
retest correlations could be used in equations to produce more accurate measures, accounting for
measurement error.

Heise’s indicator for reliability was recommended as a more accurate estimation of reliability
than general test-retest correlation coefficients ’. The equation makes use of computed test-retest
coefficients from a three-wave design with Time A to Time B (rag ), Time B to Time C srw) and Time
Ato Time C (rag) as shown in formula 1, which is “free from temporal change effects”.

I'x = Faglac/fac (1)

Stability based on suggestions by Heise (1969) involves the calculation of three indicators.” He
determined these indicators through path analysis and recommended that they were more
appropriate in determining stability results than test-retest correlation coefficients. As in the
reliability equation indicated previously, the three stability equations make use of computed test-
retest coefficients from a three-wave design with Time A to Time B (rag ), Time B to Time C (rgc)
and Time A to Time C (rac)- Formulas 2, 3 and 4 account for measurement error and prevent
underestimation of stability. ”

Spe = J\_/__c g;
Sgc = _A_
Sac = 27A _ITAB BC (4)

Heise argued that the subsequently computed reliability was a true measure of reliability and
that the computed stability was a measure of the amount of change occurring during intervals.
Heise’'s methods are not well known, particularly in psychological research and in test
development.9

In contrast to Heise’s model,’ Wiley and Wiley completed path analysis computations and
developed three separate measures that could be used to determine a test’s reliability at Time A,
Time B and Time C."° In an application of the two models Wiley and Wiley argued that their
model provided higher stability results than Heise'’s model.”'® A closer examination of the reported
results showed that these d|fferences were very small. For example, reliability caIcuIated with
example data using Heise’s model ’ was .878 and with Wiley and Wiley’s model "° the same
example data was Time A = .862, Time B = .878 and Time C = .899. Wiley and Wiley contended
that their model provrded a more thorough investigation of reliability because it showed a regular
increase with time.'® With Heise’s model the stability for the example data for Time A & Time B was
.941, Time B & Time C = .941 and Time A & Time C = .886. ' erey s model showed stability results
for the same example data of .950, .930 and .884 respectlvely Wiley and Wiley argued that
Heise’s model ” underestimated stability results, and therefore their proposed model was more
appropriate.”® The stability results for the two models were actually very similar. The differences
between the results of the two models ranged from .002 to .011 only.

In a demonstratron of the separation of reliability and stablllty indicators, Valera ° illustrated
Heise’s  model and the model proposed by Wiley and W|Iey Valera found similar reliability
coefficients between the two models The model assumptions were reported to be the major
difference between the models.® Particularly, Herses model assumed that reliability across time
remains constant,” whereas W|Iey and Wiley’s model "° assumed the opposite. Heise ® contended
that the Wiley and Wiley model ° was appropriate and preferable for longitudinal data analysis
only. He also affirmed that “the Wileys’ argument is irrelevant for the situations that social
scientists encounter”.®
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The Heise model ” has been utilized in the current study. It uses one test form, provides two
distinct measurement methods that account for error from a short-term three-wave test-retest
design, which would enable establishment of a test's reliability with one equation, and three
equations of stability to assist with the investigation of change over time.

Coghnitive Functioning

In the current study cognitive functioning is the ghenomenon being investigated. Cognition
involves activity of the brain in the form of thinking ™ or, in other words, processing mformatlon
Thinking is involved in many aspects of cognitive requirements used in everyday life ° such as
calculation, language, reading and writing. Since the mental activity of cognitive functioning
includes thinking about events, objects and concepts,’ cognitive functioning is considered to be the
process of mental activities, which relates to cognition that is in action at the time processing takes
place. Bjorklund regarded cognition as referrln% to the processes by which knowledge is acquired
and manipulated and as a reflection of the mind.

Rlchardson considered that cognitive functioning involves mathematical, spatial and verbal
abilities.? In the current study, cognitive functioning involves activity of the brain in the form of
thinking and is tested through the retrieval and manipulation of |nformat|on with the School-Years
Screening Test for the Evaluation of Mental Status (SYSTEMS)

Summary of Current Study

This study contributes to the literature by providing an applied analysis of the separation
between the indicators of reliability and stability for a single test. The main aim of the study is to
investigate the distinction between reliability and stability concepts by illustrating that they can be
measured separately. The study will investigate the resulting reliability and stability for groups of
children based on the testing time interval, gender and age groups. The separate equations,
indicating reliability and stability, proposed by Heise,” allow a distinction to be made statistically
between the two indicators. Reliability is referred to as the consistency of a test over time. 2
Whereas stability is the quality of a person tested (for example in the current study cognitive
functioning is measured) being similar over time."®

METHOD
Research Design
The investigation focused on the assessment of the SYSTEMS reliability in measuring cognitive
functioning and the stability of cognitive functioning over time. The study incorporated the use of a
three -wave deS|gn (i.e., three measurement occasions). In accordance with this design, Coleman
2 and Heise ’ demonstrated that a three-wave test-retest design is a more appropriate design than
a traditional two-wave design.

The retest intervals were established for specific purposes. Assessment at Time A established
a baseline indicator. Time B varied the test-retest interval for three groups (B1 = 2 weeks later, B2
= 4 weeks later and B3 = 12 weeks later). Prior to testing, children were allocated to one of the
three Time B interval groups. The Time B2 |nterval of 4 weeks was suggested by Anastasi and
Urbina as an appropriate time interval for children.”” Time B3 of 12 weeks was incorporated to test
children’s upper time interval limit.

A standard interval of 4 weeks from Time B to Time C was used for the final retest interval for all
children. This retest interval of 4 weeks was in accordance with Anastasi & Urbina’s argument for
retesting periods for children."

Sampling Technique

A sample of children at Time A (N = 399) was a part of a project at the Children’s Hospital at
Westmead (CHW) entitled “The development of a screening test of mental functioning to be used
with children by neurologists” (National Health & Medical Research Council (NHMRC) Project).
As an extension of the CHW project the current project utilized a randomly selected group of
students (N = 135) from the CHW sample to be involved in follow-up testing at Time B and Time C.
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All government primary schools within a 20km radius of the CHW, Sydney, were included in a
sample list. A number of these schools were randomly selected for inclusion in the study (N = 50)
and sent a letter explaining the research. Of these, six of the schools agreed to participate. The
Occupation and Education Index of the Socio-Economic Indicators for Area (SEIFA) was utilized to
ensure, that children were sampled from a wide range of schools according to the socio-economic
areas *° with the current sample mean within the ABS average range. The response rate was
49%, which is considered satisfactory.

Research Sample

The children (N = 135) were aged between 5 to 8 years (up to 8 months within their age group at
Time A). The groups of children were younger (5 and 6 year olds, n = 64) and older (7 and 8 year
olds, n =71). The results of previous studies utilizing the screening test show a ceiling effect at age
10.% Therefore, children older than 8 were not included in the current study. An equal number of
boys (50%) and girls (50%) were tested to account for any gender differences.

The first two testing sessions (Time A and Time B) included 135 children. Only 134 children
were tested at Time C because one child moved away from a school between Time B and C.
Regression analysis enabled a SYSTEMS Time C score to be estimated for this child.

The sample of 135 retested children had a 100% power analysis. This depended on a half
standard deviation difference between test scores, significant at a level of 0.05.” The time interval
groups (B1 = 2 weeks, B2 = 4 weeks and B3 = 12 weeks) with sample sizes of 45, 48 and 42
respectively, had a sample power of 87% with a half standard deviation difference between test
scores, significant at a level of 0.05 %

Procedures

The current study was approved by the appropriate organisations as an extension of a project at
the CNW project. Following sample selection and permission procedures, children were tested in a
one-to-one interview situation at their school during class time in an office, quiet room or area. The
standard testing procedures for interviewing each child on every occasion incorporated evenly
paced items, without feedback to the child about correct or incorrect responses. The testing
environment included a desk and two chairs, one for the researcher and the other for the child.

Materials

The School-Years Screening Test for the Evaluatlon of Mental Status is a cognitive screening
test for children based on the adult MMSE Ouvrier et al developed the SYSTEMS as an
alternative to the MMSE for use with children.’

The SYSTEMS was designed to provide an indicator of a child’s cognitive functioning, where
cognltlve functioning was taken to mean cognitive manipulation as well as general information and
skills. ' The test includes activities incorporated from theoretical and empirical research and clinical
experlence Items cover areas of attention, memory, mental manlpulatlon drawing and language,
as well as reading, spelling, arithmetic and autobiographical |nformat|on The test was found to be
highly correlated with the Stanford-Binet Intelligence Test, 4th Edition 2 (r = .88) administered to
school children, and related to the Differential Ability Scales *° results (r = .75) administered to
neurological clinic patients.

The SYSTEMS is reported to be internally consistent (alpha = 0.92) for five to eleven year olds
SYSTEMS is also internally consistent for 5, 6, 7 and 8 year olds (alphas from 064)
SYSTEMS has been found to be unblased by gender (f = 0.75, p = ns) and socio-economic
indicators for areas ?° (f = 0.16, p = ns) SYSTEMS was found to have high inter-rater reliability (r

=.94) and test-retest reliability (r = 94)

1,23

For the administration of the screening test (SYSTEMS) on each testing occasion the following
instructions were given to the child by the researcher:
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“Hi, my name is...... | am here today to ask a few questions and do some
other activities. I'd like you to answer as well as you can. If you can't
answer any just let me know”.

The test was designed to be administered verbally, as set out on the SYSTEMS form, in an
interview situation. The child’s worksheet was given to the child only when administering the
corresponding questions as indicated on the test form (i.e., not at the beginning of the assessment).
If a child asked for a question to be repeated the test administrator asked and determined whether
the child did not hear the question. If the child had not heard the question it was repeated;
otherwise the test administrator asked the child to attempt the answer. If the answer was incorrect
it was scored as such. The child was permitted to have only one try at the copying section.”> Each
of the 46 items was scored on a dichotomous scale with “1” indicating a correct response and “0”
indicating an incorrect response. As detailed in the testing manual, total scores were summed with
46 as the maximum score. "*® The researcher argued that “... SYSTEMS is a valuable clinical tool

to assist in the decision about the need for further cognitive assessment”.”

RESULTS
Reliability and Stability Results

Test-retest correlation coefficients. To determine Heise’s ’ indicators of reliability and stability
test-retest correlations coefficients first need to be determined. When cognitive functioning scores
over time were compared using the Spearman rho ranked correlation, the results were high
between testing occasions (Time A to Time B rspg = .94, Time B and Time C rsgc = .94 and Time A
to Time C rsac_= .93) (see Table 1). When correlation coefficients were computed for groups of
children based on age, gender and time interval, the three strongest correlations were for children
in the 4 week interval group (rsgc & rsac = .96) and for children in the 12 week interval group (rsgc =
.96). Correlations were not as strong (rsac = .81) for older children from Time A to Time C.

Table 1
Cognitive Functioning Correlation Coefficients

Groups of Children I'saB I'sec Tsac
Overall 094,n=135 094,n=135 0.93,n=135
Younger 0.88,n=64 0.93,n=64 0.86,n =64
Older 0.84,n=71 0.83,n=71 0.81,n=71
Boys 0.94,n =67 0.95,n=67 0.93,n =67
Girls 0.94,n =68 0.92,n =68 0.94,n =68
B1 0.92,n =45 0.89,n =45 0.93,n=45
B2 0.95,n =48 0.96,n =48 0.96,n =48
B3 0.95,n =42 0.96,n =42 0.92,n =42

Cognitive functioning test reliability. Using Heise’s 4 reliability measure, the overall test reliability
in Figure 1 was found to be strong (r« = .95). When test reliabilities were computed for groups of
children based on age, gender and time interval, the strongest was for children in the 12 week
interval group (r = .99) and the weakest test reliability (although still strong) was for older children
(rx = .86).
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Figure 1
Test Reliability and Cognitive Functioning Stability

Cognitive functioning stability. The stability of cognitive functioning over time, measured with
Heise’s three stability measures, " was found to be strong, as reported in Figure 1. Overall,
cognitive functioning did not change from the first testing session to the second (sag = .99), or from
the second to the third (sgc = .99), but more change was noted with less shared variance from the
first to the third testing session (sac = .86). When cognitive functioning stabilities were computed
for groups of children based on age, gender and time interval, the strongest was for children in the
2 week interval group (sag = 1.04) and the weakest stability result (although still strong) was for
older children (sac = .65).

Comparison Results. In comparing the test reliability and cognitive functioning stability results
Figure 1 shows that reliability and stabilityac show a similar pattern over the groups examined, with
reliability slightly higher than stabilityac. Stabilityag and stabilitygc appear to show a similar pattern,
although the stabilityag for younger children was slightly less than their at stabilitygc result.

DISCUSSION

This study examined the distinction between test-reliability and phenomenon (cognitive
functioning) stability through determining the SYSTEMS reliability and cognitive functioning stability.
The study presented and assessed children’s cognitive functioning over time and examined groups
of children based on age, gender and test-retest intervals.

The study showed that the SYSTEMS was a reliable test over time and that cognitive functioning
in children was stable between each initial and subsequent testing session, such as from Time A to
Time B and from Time B to Time C, measured with Heise’s model. © More change in cognitive
functioning was noted over time from the first testing session to the last, that is, from Time A to
Time C, indicated by lower stability results. This implies that cognitive functioning did not change
over short periods of time, although the more notable changes occurred over the total testing period
(a maximum of 4 months for some children).

The research has an impact on understanding the definitions of psychometrics related to
retesting concepts such as reliability and stability. The results indicated that older children had the
weakest test-reliability and weakest Time A to Time C stability (although still at acceptable levels).
This result may be indicating the nature of older children, in that their cognitive functioning is
changing more rapidly than younger children. While the cognitive functioning of older children
appears to be changing rapidly the test’s reliability was still at an acceptable level at .86 for these
children. Final conclusions were established about the nature of cognitive functioning in children.
Specifically that cognition is less stable and is perhaps developing more rapidly for older children
than younger children.
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The research made a significant contribution to the study of the applied separation of a test’s
reliability and phenomenon stability. The two indicators based on Heise’s model ” revealed different
results for measures of reliability and stability for a single test, specifically the strongest reliability
result was found for children in the 12 week interval group and the strongest stability result was
found for children in the two week interval group. Although the reliability and stabilityac showed a
similar pattern of results, as shown in figure 1, reliability results were higher than stabilityac, results
for all groups investigated and a large difference was found between the two measures for older
children. These distinct results demonstrate that the test reliability and phenomenon stability should
be regarded as separate concepts, as previously argued by Baltes et al, 2 Bjorklund,® Heise, "®
Nesselroade, * Nesselraode et al, ° Valera, ° Wiley and Wiley, ® and Wu et al.?

The implications of the research extend to areas of psychological, medical and educational
testing of children’s cognitive functioning. The research has shown the importance of applying and
separating a test’s reliability and psychological phenomenon stability in a three-wave test-retest
study design with the use of a single test. The reliability results have implications for the usefulness
of the test.

The investigation of stability enabled conclusions to be drawn about children’s cognitive
functioning over time. In particular, cognitive functioning was stable over short time intervals.
However over the total testing period, from the initial testing to the final testing, cognitive functioning
stability tended to decrease, indicating more change. This finding also has implications for the use
of the test to indicate general cognitive development as well as recovery (or decline) in cognitive
functioning following injury or illness, and to monitor general cognitive functioning in evaluating
interventions in clinical settings.

These research findings need to be considered by researchers interested in investigating
change over short time intervals, in particular when cognitive assessments are sensitive in terms of
reliability and stability. The main point here is that reliability and stability are separate concepts and
should be calculated separately.

Future research may need to investigate the SYSTEMS test’s reliability and cognitive functioning
stability over extended periods of time in longitudinal studies, such as 6 and 12-month intervals.
The reliability and stability model of Wiley and Wiley ' could then be incorporated. Another
suggestion would be to model a study on the suggestions of Nesselroade et al with reliability
calculated from the correlation between two similar test forms and stability calculated from the
correlation between two same test (such as, test-retest) forms. ® Perhaps Nesselroade’s structural
model approach could be incorporated, whereby stability and reliability are determined from one
structural equation with the use of two or more test forms administered over a number of time
intervals. * Alternatively, Tisak and Tisak’s distinct measures for reliability and stabilit}/ for use with
longitudinal designs utilizing multiple measurement forms could be further analyzed. 8 Finally, it is
recommended that in the practice of medical, psychological and educational assessment the terms
test-reliability and phenomenon stability need to be considered as separate constructs.
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