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Abstract

The assessment of learning potential—referred to as dynamic testing and generally using a test-
train-retest approach—nhas gained some ground in the field of cognitive assessment. Despite
general support for this concept and approach, both measurement and practical concerns have
hampered the acceptance of these measures in general assessment contexts. Item response theory
(IRT) and computerized adaptive testing (CAT) provide answers to a number of the main
concerns in this field, such as long administration time, lack of standardization of administration
procedures, and problems concerning measurement accuracy. The Learning Potential
Computerised Adaptive Test (LPCAT), is a dynamic learning potential test that has addressed a
number of the general concerns regarding dynamic testing through use of IRT and CAT. The
development of the LPCAT is discussed. Empirical research results for construct and predictive
validity are provided in support of its psychometric properties. Examples are provided of the
qualitative interpretations of performance levels from the pre-test and the post-test that are
available from the LPCAT.
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Use of CAT in Dynamic Testing

Cognitive assessment has always fascinated researchers and has a long and at times
controversial history (Fancher, 1985; Jensen, 1981). The first cognitive test of the kind that is
still used today was the test developed by Alfred Binet and Theodore Simon in the early 1900s
(Binet & Simon, 1905/1916, 1915; Wolf, 1973). Their test—generally known as the Binet-
Simon test and later as the Stanford-Binet after it had been standardized for use in the United
States—has significance for cognitive assessment in the 21% century for two reasons. First, the
Binet-Simon test represents the first test that could be described as a learning potential test. The
instruction from the French Ministry of Education to Binet and Simon was to develop a test that
could distinguish—among low performing learners in special schools—between those learners
who could benefit from “learning exercises” and show that they could benefit from learning to
improve on their present levels of performance (therefore enabling placement in normal schools),
and those learners who seemed not to benefit from “learning exercises” and therefore probably
could be classified as mentally retarded (Wolf, 1973). Allowing for improvement in cognitive
performance after a learning experience reflects the current ideas around the measurement of
learning potential.

Second, this first example of a cognitive test can also be seen as the first adaptive test,
although it took another 70 years or so and the development of computer technology to bring
about modern-day computerized adaptive testing (Hambleton & Swaminathan, 1985; Hambleton
& Zaal, 1991; Lord, 1980; Reckase, 1989; Van der Linden & Hambleton, 1997; Warm, 1978;
Weiss, 1983). Most of the elements of the computerized adaptive tests (CATS) of today were
present in the Binet-Simon test, namely: variable entry level (depending on the estimated level of
the individual to be assessed); scoring of each question as it was answered; a decision on the
level of question to administer next based on the response pattern up to that point in time; and
variable termination — again depending on the answer pattern shown by the individual. Similar
to modern-day CATSs, individuals did not receive the same questions or even the same number of
questions, but the scores obtained could be compared.

Dynamic assessment generally refers to testing procedures that include a learning experience
as part of the assessment with the aim of measuring learning potential (Campione, 1989; Hamers
& Resing, 1993; Laughon, 1990; Lidz, 1987a, 1987b, 1991; Murphy, 2002) so as to obtain
information not only about the outcome of learning up to that point in time, but also about the
potential to learn and possibly improve on current levels of performance when relevant learning
opportunities could be provided. Vygotsky’s (1978) theory of the Zone of Proximal
Development (ZPD) is generally acknowledged as the theoretical foundation upon which
dynamic assessment and the measurement of learning potential have been built (Brown &
Ferrara, 1985; Brown & French, 1979). Vygotsky’s theoretical concept of the ZPD refers to the
distance between the actual level of performance (i.e., present performance level without help)
and the potential level of performance (i.e., performance level after some form of help or
learning has been provided).

The typical test-train-retest approach of dynamic assessment is based on Vygotsky’s theory
of the ZPD and provides information not only about the present level of an ability, but also about
the potential level that could be attained if relevant learning opportunities could be provided.
This approach takes into consideration that not all individuals have had similar or optimal prior



learning opportunities and therefore might not yet have attained their optimal levels of
performance. The pre-test reflects the present (actual) level of performance—similar to that
which is typically assessed in standard tests. The training that is included is aimed at providing
further examples, hints, strategies and guidelines that will highlight important aspects of
information required to help solve similar questions to those administered in the test. After the
training, the post-test then provides an indication of the potential future level of performance that
could be attained if relevant training or learning opportunities could be provided. This entire
process (introduction, pre-test, training and post-test) forms part of a single test administration
session of approximately one hour. The assumption is that examinees are likely to utilize real-life
learning opportunities in a similar way.

It is important to note that a small improvement score does not necessarily imply limited
learning potential. The current and projected future levels of performance (as well as the
resulting difference or improvement score) are all important in determining overall learning
potential. For example, someone who is already currently performing at a postgraduate level in
the pre-test might not show any improvement but nevertheless maintains a postgraduate level of
performance in the post-test. This definitely does not mean that this individual has no learning
potential. The interpretation of such a result would be that this individual shows that he/she
should be able to cope with and benefit from training provided up to a postgraduate level—
therefore indicating a high level of learning potential.

Individuals from poor educational and socioeconomic backgrounds are often at a
disadvantage when standard cognitive tests are used, because these tests often include content
that reflects language proficiency or educational background—therefore representing crystallized
abilities which are influenced by prior learning experiences (Claassen, 1997; Foxcroft, 1997;
Van de Vijver, 1997, 2002). The measurement of learning potential allows for fairer assessment
of disadvantaged individuals. The reason for this is twofold, namely that assessment includes a
learning experience and that the content used reflects fluid ability which is less influenced by
prior learning experiences.

Dynamic testing and the measurement of learning potential have received considerable
attention (Carlson, 1989; Grigorenko & Sternberg, 1998; Murphy, 2002). However, despite the
initial promise of this field, it is not yet fully utilized in general testing contexts. Some of the
reasons why these tests have not really been incorporated have to do with the time that it takes to
administer (compared to standard tests), problems with standardization impacting on
measurement accuracy, and the lack of research and psychometric information available.
Researchers have lamented the fact that limited empirical research is hampering its progress
(Grigorenko & Sternberg, 1998; Gupta & Coxhead, 1988; Guthke, 1992, 1993a, 1993b; Guthke
& Stein, 1996; Murphy, 2002).

Implied in the use of the term learning potential is the assumption that intelligence as
measured by standardized tests is changeable, as indicated by improvement in scores obtained
with standard tests when a relevant learning opportunity or some form of help is provided. One
of the reasons why learning potential measures have received increased attention is that research
results indicate that intelligence quotient (IQ) scores are linked to educational opportunity and
socioeconomic level and subject to change (Claassen, 1997; Grigorenko & Sternberg, 1998;
Vincent, 1991). Improvement in the socioeconomic and educational opportunities of the
disadvantaged group typically result in increases in the mean group score which exceed the
normal population increases over time (Van de Vijver, 1997; Vincent, 1991).
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South African researchers have contributed both in the development of instruments for the
measurement of learning potential (De Beer, 2000a, 2000b; Taylor, 1994) and also in research
contributing to the available information on the validity of dynamic assessment measures
(Boeyens, 1989; De Beer, 2006; Lopes, Roodt & Mauer, 2001; Shochet, 1992, 1994; Taylor,
1994; Van Eeden, De Beer, & Coetzee, 2001). Murphy (2002, 2007) provided an extensive
overview of South African research on dynamic assessment.

The Learning Potential Computerised Adaptive Test (LPCAT) was developed in South
Africa and addresses some of the concerns that have been noted regarding dynamic assessment.
It uses non-verbal figural reasoning content in a test-train-retest format with two separate but
linked adaptive tests, in an attempt to measure learning potential in the fluid reasoning ability
domain so that language proficiency or formal academic qualifications should not impact
significantly on performance (De Beer, 2000a, 2000b).

The LPCAT
Purpose

Item response theory (IRT) and CAT address a number of the concerns regarding dynamic
testing (Sijtsma, 1993a, 1993b). Having made significant strides in the last 30 to 40 years, IRT
and CAT have introduced significant changes in psychometric theory and test development
(Embretson, 1996; Embretson & Reise, 2000). The main advantage of IRT for learning potential
measurement lies in the improved accuracy of measurement of difference scores, as well as
improved means to compare scores of the same or different examinees. “Because of its ability to
equate testings and link item pools onto a common metric, IRT has the potential of offering
solutions to the problem of measuring gains in achievement levels during the process of
instruction” (Weiss, 1980, p. 8). It therefore allows a modern-day solution to ensure fair,
accurate and effective measurement of learning potential. It also allows for the evaluation of
differential item functioning (DIF) to investigate bias (Osterlind, 1983; Wainer, 1993), which is
of particular importance in the multicultural South African context (Employment Equity Act,
1998). The shortened testing time through use of CAT represents a further advantage.

IRT and CAT procedures seem particularly appropriate for learning potential assessment,
because they improve both measurement accuracy and time-efficiency. In addition to the
aforementioned advantages, CAT also allows for additional qualitative information to be made
available by plotting performance levels of examinees throughout the assessment process.

The purpose of the LPCAT is to provide a dynamic (test-train-retest) measuring instrument
for the measurement of learning potential by including a learning opportunity during assessment.
Furthermore, use of IRT allows for improved measurement accuracy and comparison of the pre-
test and post-test scores (something that has been considered a problem in dynamic assessment
using standard tests). Lastly, the separate yet linked CAT pre-test and post-test incorporate all the
advantages related to CAT, namely shortened test times, equivalent measurement accuracy at all
levels of ability and use of items that match the estimated ability level of individuals being tested
throughout both the pre-test and the post-test.

Development

Items. The LPCAT was developed as a dynamic test for the measurement of learning
potential by means of non-verbal figural reasoning. The test comprises two linked CATs with a
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standardized training or learning session between the two adaptive tests and takes about an hour
to administer. Although the two adaptive tests—a pre-test and a post-test respectively—use
separate item banks, they are nevertheless linked in that the exit level of performance (6
estimate) in the first test or pre-test is used as the entry level in the second test or post-test. This
further improves measurement accuracy of overall performance in the non-verbal figural
reasoning domain.

In the development of the LPCAT three different types of non-verbal figural item formats
were used—figure series, figure analogies and pattern completion. These item formats were
chosen since they measure fluid general reasoning ability and do not rely on language
proficiency or scholastic background. These items have been shown to be more culture-fair
(Claassen, 1997; Hugo & Claassen, 1991; Owen, 1998) than items with verbal content.

Initially 270 new questions were developed—90 of each type—and these were administered
to a representative sample of 2,450 examinees representing most of the South African culture
and language groups (De Beer, 2000b). After using IRT and classical test theory item analysis to
evaluate the psychometric properties of the items and to investigate possible bias in terms of
gender, educational level, language and culture, 77 items were discarded due to either not
meeting the criteria set in terms of psychometric properties or exceeding the cutoff set in terms
of bias (De Beer, 2000b, 2004).

The remaining items of each item type (65 figure series, 58 figure analogy and 65 pattern
completion items) were arranged in ascending order of item difficulty. The items then were
allocated to the pre-test and the post-test sequentially in a 1:2 ratio (one item to the pre-test and
the next two to the post-test). This was done separately for each of the three item types to ensure
an even spread of item types and item difficulties in the pre-test and post-test. Approximately
one-third of the selected items were thus allocated to the pre-test (N = 63) and the remainder to
the post-test (N = 125).

McBride (1997) suggested that the number of items in the bank should exceed by a ratio of 5
or 10 to 1, the number of questions an individual examinee will encounter. For the LPCAT, the
number of items in the respective item banks exceed (by a ratio of between 5 and 8 for the pre-
test and by a ratio of between 7 and 10 for the post-test), the number of questions an individual
examinee will encounter. Fewer items are administered in the pre-test (between 8 and 12) than in
the post-test (between 10 and 18). The pre-test provides an initial general level of performance.
In the post-test, the pre-test level of performance is used as entry level, and therefore more
efficient measurement of performance is possible. This requires more items at each difficulty
level in the post-test.

Adaptive test termination depends on stopping rules, which include both the minimum and
maximum number of items as well as accuracy of measurement. For the LPCAT pre-test, the
variance used for termination — that is, the accuracy - of the 6 estimate was set at 0.10, while for
the post-test it was set at 0.05 (Assessment Systems Corporation, 1995; De Beer, 2000b).
Although there is no overall time limit on the test, for practical purposes a three-minute time
limit per test questions in the adaptive test parts was set. If a question remains unanswered when
the time limit is reached, the question will be replaced by an easier next question as the previous
question will have been indicated as unanswered (Assessment Systems Corporation, 1995).

The sample that was used to determine the item parameters, represented a mid-secondary
educational level (a mixed group of grade 9 and grade 11 learners was used) (De Beer, 2000b).
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The 6 estimates for the pre-test and the post-test are converted to a T-score with a mean of 50
and standard deviation of 10. A score of 50 was therefore taken to be equivalent to a mid-
secondary level of general reasoning ability. In order to determine the typical performance
levels of individuals at other educational levels, sample groups representing a variety of
educational levels were used to determine further benchmark scores at different educational
levels as shown in Table 1.

Table 1. LPCAT Scores and Educational Levels

ABET* / NQF**
LPCAT T-Score Stanine Score Level Educational Level

27-33 1 ABET level 1 Grade 0-3

34-37 2 ABET level 2 Grade 4 -5

38-42 3 ABET level 3 Grade 6 -7

43-47 4 ABET 4/NQF 1 Grade 8 -9

48-52 5 NQF level 1-3 Grade 10 -12
53-57 6 NQF level 4-5 Grade 12+ Tertiary
58-62 7 NQF level 6 First Degree

63-68 8 NQF level 7 Higher Degree
69-80 9 NQF level 8 Advanced postgrad.

* Adult Basic Education and Training (ABET)
** National Qualifications Framework (NQF)

Scores. The scores that are provided by the LPCAT are a pre-test score, a post-test score, a
difference score (numerical difference between the post-test score and the pre-test score) and a
composite score. The composite score is calculated by adding a proportion (actual improvement
divided by maximum possible improvement from that pre-test level) of the difference score to
the pre-test score. This allows for the fact that it is more difficult to show improvement when the
initial level is high compared to a lower initial level of performance. (De Beer, 2000b). It has
been found that the post-test score (which allows for maximal credit for the learning that has
been achieved as reflected in the post-test score) and the composite score (which allows for
partial credit for the learning that has been achieved) generally show higher correlations with
criterion measures compared to the pre-test score (which indicates current level of performance).
This provides support for the concept of measurement of learning potential, as it shows that
allowing credit (whether fully or partially) for learning and improved performance after the
learning experience, improves the predictive validity compared to using only current levels of
performance (De Beer, 2000D).

The benchmark performance levels and typical score ranges of groups at different
educational levels (see Table 1) are used for the interpretation of the LPCAT results. It is always
recommended that the LPCAT results should be used together with other test results, since it
only measures non-verbal figural reasoning, and learning potential using this type of content, and
therefore does not provide information on other aptitudes and abilities, interests, or individual
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personality preferences. Furthermore, results in terms of the level of performance should be
interpreted by comparing it with a given educational level (for training, for instance) and then
interpreted in terms of whether the LPCAT levels are commensurate with the intended level of
training to be provided. “Differences between levels of current or potential reasoning ability and
the level at which training is considered could be interpreted as the amount of effort that will be
required from the individual to attain success at the particular training level” (De Beer, 2006, p.
9).

Because language proficiency and/or other specific skills and aptitudes might be particularly
important in specific screening and selection decisions, these need to be determined by means of
other measuring instruments. However, the LPCAT is particularly useful in providing
information on the general reasoning level at which the individual is currently performing as well
as the level to which the individual could be developed—provided that relevant training and
learning opportunities could be provided. Since language proficiency is important in any tertiary
learning environment, it would need to be assessed and possibly improved before someone from
a disadvantaged (educational) background could fully benefit from training at the levels
indicated in the LPCAT—since the latter is based only on non-verbal figural reasoning.

Administration. The administration time of the LPCAT is approximately one hour. This
includes the introduction and orientation, pre-test, training, and post-test, and results are
available immediately after completion of the test. This time is quite comparable to the typical
time required for administration of standard cognitive tests. Group administration of the LPCAT
is possible, although the size of the group will be determined by practical considerations such as
the number of computers available for testing and other logistical considerations. Individuals
may either read the instructions, feedback and explanations from the screen (in English), or the
instructions can be read to the individual from the user’s manual (De Beer, 2000a). For the latter
version of the LPCAT, no instructions appear on the screen and the instructions that are read to
the individuals are available in the User’s Manual in all 11 official languages of South Africa
(De Beer, 2000a). It would be quite simple to translate these instructions to any other language.
For ease of use, the individual needs to use only the space bar and the enter key in the testing
process and therefore participants are not required to be computer literate—a definite advantage
when testing low literacy or disadvantaged groups.

Psychometric Properties

Research on the LPCAT has indicated satisfactory psychometric properties. It also complies
with the Employment Equity requirements in South Africa, which requires all psychological tests
to be scientifically developed, shown to be valid and reliable, and biased and fair to all groups
(Claassen, 1997; Employment Equity Act, 1998; Foxcroft, 1997).

Reliability/precision. Both classical test theory methods and IRT-based methods were used
to evaluate measurement precision. In terms of classical test theory, coefficient alpha was high—
ranging between 0.925 and 0.981 (De Beer, 2000b), indicating high internal consistency and
homogeneity of the items used. In IRT and adaptive testing, (im)precision is measured by the
inverse of the item information available at a given ability level. The expected information for
the LPCAT pre-test is 17.811 and for the post-test 32.699 (De Beer, 2000b). Since the standard
error is equal to the reciprocal of the square root of test information, these values for the pre-test
and post-test translate into expected (average) standard errors of 0.24 and 0.17 theta units
respectively. This means that generally speaking, roughly 68 percent of the estimates will fall



between -0.24 and +0.24 (for the pre-test) and between -0.17 and +0.17 (for the post-test) from
the estimated ability level in standard 6 units. Translated to T-scores, this means that roughly 68
percent of the T-score estimates will fall between -2.4 and +2.4 T-scores from the estimated
ability level (for the pre-test) and for the post-test roughly 68 percent of the T-score estimates
will fall between -1.7 and +1.7 T-scores from the estimated post-test ability level. The estimated
standard error values at various 6 values are provided in the LPCAT Technical Manual (De Beer,
2000Db).

Validity. For validity evaluation the following aspects and measures of validity were
included: content validity, construct validity (convergent and discriminant) and criterion-related
validity (concurrent and predictive).

Content validity was evaluated by a panel of experts of the Human Sciences Research
Council. The non-verbal figural item content was deemed appropriate for a measuring instrument
of learning potential and the item types represented the typical formats found in culture-fair
measures (Claassen, 1997; Owen, 1998). Construct validity was evaluated by comparing the
LPCAT results with a variety of other standard cognitive tests for groups at different educational
levels. Correlations typically ranged between 0.4 and 0.7 (De Beer, 2000b, 2006). Concurrent
and predictive validity was evaluated primarily by the use of academic performance as a
criterion. Correlations typically ranged between 0.1 and 0.5 (averaging around 0.3 to 0.4) and
were generally statistically significant. A pattern found is that post-test and composite scores
typically showed higher correlations with the academic criterion results than the pre-test scores
(De Beer, 2000b; Van der Merwe & De Beer, 2006)

Qualitative Interpretation of LPCAT Results

Over and above the scientific, statistical and psychometric ways of evaluating LPCAT results
and interpreting its utility, there is also a qualitative aspect to the interpretation of LPCAT
results. In terms of the scores that are provided, the pre-test score represents the performance
reached at the end of the pre-test, while the post-test score represents the performance reached at
the end of the post-test (see Figure 1). When examining the graph of the pre-test and post-test, it
is possible that higher levels of performance were reached during either the pre-test or the post-
test, and that these higher levels of performance are not reflected in a total score.

An individual’s LPCAT graph shows the estimated ability or performance level of the
individual throughout the adaptive pre-test and post-test. These graphs (see Figure 1 for
examples) can be interpreted as follows:

1. When the pre-test and post-test graphs are reasonably flat—that is, performance generally
remains at the same level—the future performance of the individual could be expected to
remain at a level similar to the current level of performance.

2. When there is a definite positive gradient in the graphs, the interpretation is that future
levels of performance could be expected to be higher than the current level of
performance—provided that relevant training and learning opportunities could be
provided.

3. A graph that shows a negative gradient—which is contrary to the expected flat graph or
graph with a positive gradient—could indicate possible loss of concentration or
motivation, or in extreme cases a negative attitude toward assessment. In some or other
way, the individual is not maintaining levels of performance attained earlier.
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4. In cases where the individual attains a higher level of performance during the test but this
level of performance is not maintained, credit could nevertheless be given for the peak
levels reached, although this might not be reflected in the end of the pre-test or end of the
post-test scores provided.

Conclusions

IRT and CAT have made possible improved psychometric quality and practical utility of a
dynamic test-teach-retest instrument for the measurement of learning potential based on non-
verbal figural content. A learning potential test like the LPCAT makes provision not only for
differences between individuals and groups, but also for ongoing changes within different
individuals and groups. It provides useful information in the domain of general reasoning ability
and future developmental potential for individuals and, since it uses only non-verbal figural
content, it could provide useful information for various culture, language, and educational
groups. The LPCAT provides useful information for training and development, as training could
be matched with present and potential future levels of reasoning ability.

The visual way in which adaptive test results are be presented allows for qualitative
interpretation in terms of the level of performance throughout the test administration. In addition
to providing useful predictive validity results in terms of academic training, it also provides
qualitative information in terms of the individuals level of performance throughout the pre-test
and the post-test.

In particular in the South African multicultural context (Claassen, 1997; Foxcroft, 1997;
Meiring, 2007; Shuttleworth-Jordan, 1996) where there are still large differences between groups
in terms of educational and socioeconomic factors, measures of learning potential provide a more
equitable approach to assist in decision making regarding training and development
opportunities.
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