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Development of an Indonesian Figural-Inductive Reasoning Test for High
School Students Based on Cattell-Horn-Carroll Theory

The changing of Indonesia’s school curriculum in 2013 brought new regulations to
divide students into specializations once they reach tenth grade. This study was
conducted to develop a new test called Figural-Inductive Reasoning Test (FIR test)
as a subtest of the new intelligence battery test, Tes Inteligensi Siswa SMA (TISS) or
High School Student Intelligence Test, which is used as a method of helping
students select a specialization. The FIR test was developed based on Schneider and
McGrew’s (2012) Cattell-Horn-Carroll Theory of Human Intelligence (CHC). The
FIR test was constructed in a figural spatial format and tested in order to evaluate its
psychometric properties. Data were collected from tenth grade students in three
different high schools in Jakarta (N = 97). Reliability testing using Cronbach’s
Alpha method showed that the FIR test had adequate internal consistency in
measuring a construct. The FIR test was considered valid in measuring inductive
reasoning since it was shown to correlate significantly with Standard Progressive
Matrices (SPM), which measures the same construct. Item difficulty analysis
indicated that most items had a low difficulty level. Item discrimination analysis
indicated that half of the items had a sufficient item discrimination index.
Distractors power analysis revealed that some distractors needed revision in order to
increase the item qualities. From the research results, it can be concluded that the
FIR test is a promising subtest for the new TISS test in Indonesia. However, items in
the FIR test still need to be revised and retested with a larger sample so that it can
be applied and used for making decisions about high school students’
specialization.

Keywords: CHC intelligence test; high school students; inductive reasoning

Introduction

In Indonesian high schools, students are allowed to choose one of several provided
specializations: Natural Science, Social Science, or Language. In the prior curriculum, students’
grades from tenth grade were used to split students among specializations to begin in eleventh
grade (Riandari, 2007). The legalization of a new curriculum in 2013 brought new regulations to
all Indonesian high schools; selecting student specialization would now begin in the tenth grade
instead (Kemendikbud, 2013). This means that specialization would now be chosen before
students’ evaluation by school examination. Because schools could no longer base the
specialization selection on grades, they could no longer simply split students mechanically. The
new regulation caused schools to have to find a new effective procedure to assign students into
the appropriate specialization; this was important because the majors that they select determine
their later careers. This period of high school was an important phase because this is when
students explored their interests before planning the next stage of their careers (Super & Hall,
1978).
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Based on several alternatives for selecting specialization from the 2013 curriculum, placement
tests were considered the best method. Placement tests, especially psychology tests, could be
most effective for use in placement because of their ability to predict future performance,
describe particular psychological traits, and even explain an individual’s covert behavior
(Anastasi & Urbina, 1997; Cohen, Swerdlik, & Sturman, 2013; Murphy & Davidshofer, 2005).

One of psychological variables that can predict students’ ability in school is intelligence
(Malykh, 2017; Koller, Baumert, & Schnabel, 2011; Weinert, Helke, & Schneider, 1989).
Intelligence tests were used in several schools to provide recommendations for student
specialization; for example, in Madrasah Aliyah (MA), Citra Cendikia, and SMA Kristen Petra 3
Surabaya (Madrasah Aliyah Citra Cendikia, 2015; sma3.pppkpetra.or.id). However, there were
several disadvantages of using the current Indonesian intelligence test. First, many online sites
had posted the intelligence test publicly, such as one publication about the Tes Inteligensi Umum
(General Intelligence Test) (Sehertian, n.d.). In addition, the current intelligence test, Tes
Kemampuan Differensial or TKD (Differential Ability Test), was still based on the classic
intelligence theory of primary mental ability, rather than on a more recently developed
intelligence theory (Manual TKD Lengkap, n.d.). The use of a more recent, contemporary theory
of intelligence would better predict students’ achievement.

Intelligence is defined as a set of individual abilities involving a thinking process to solve
problems and adapt to the environment (Gardner, 2011; Sternberg, 1997; Wechsler, 1944). Hunt
(2011) stated that intelligence could be explained in three approaches: psychometric, cognitive,
and biological. Among these three, the psychometric approach was the most influential and the
most developed approach to describing an individual’s intelligence (Neisser et al., 1996). One of
the best psychometric approach theories in defining human cognitive structure is the Cattell-
Horn-Carroll theory of human intelligence or CHC (McGrew, 2009).

CHC integrated two intelligence theories: the Cattell-Horn Gf-Gc and Carroll Three Stratum
Cognitive Abilities (Schneider & McGrew, 2012). CHC sought to explain human cognitive
ability in three layers or strata. These consisted of general ability (g), broad ability, and narrow
ability. Currently CHC has about 16 broad abilities and 81 narrow abilities (Schneider &
McGrew, 2012). The CHC theory explained human cognitive ability in terms of taxonomy or
categorization. This theory was built on a strong and comprehensive psychometric foundation
(McGrew, 2009). Because of its acuity in explaining individual-specific abilities, intelligence
tests based on this theory can serve as an effective tool for determining high school students’
specialization.

Unfortunately, intelligence tests based on CHC from abroad are difficult to implement for
selecting Indonesian high school students’ specialization. The differences of language and
culture make it impossible to directly apply the tests in Indonesia. Furthermore, some of the
CHC tests are individually administered; for example, the Woodcock Johnson 11 Cognitive
Abilities test (Blackwell, 2009). If the test were used for selecting specialization in high school,
the test would not be effective due to large number of students needing testing. Existing tests had
also not been tailored to specifically measure several aspects of high school students’ cognitive
ability. Therefore, it is necessary to create a new CHC-based intelligence battery test that
measures various cognitive abilities in various specializations in high school.

Fluid reasoning is one of the various cognitive abilities in CHC theory proven to be needed by
students in high school. Fluid reasoning is correlated significantly with academic achievement.
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Fluid reasoning (Gf) refers to the ability to solve novel problems without depending on previous
education or experience (Schneider & McGrew, 2012). Gf significantly predicted student
academic achievement in mathematics and reading (Floyd, Evans, & McGrew, 2003; Green, et
al., 2017; Taub, Keith, Floyd, & McGrew, 200_). As an ability to solve novel problems, Gf is
considered core intelligence because the factor analytic found that Gf had the greatest factor
loading to intelligence (Carroll, 1993).

As a broad ability, Gf consists of three narrow abilities: induction (1), general sequential
reasoning (RG), and quantitative reasoning (RQ). Induction, commonly referred to as inductive
reasoning, is the core and most important narrow ability of Gf. Inductive reasoning is one of the
key abilities needed for success in high school because it requires students to comprehend a
principle and then make conclusions based on the information (Kemdikbud, 2013). Students with
high inductive reasoning ability are more likely to succeed in natural science subjects that rely
heavily on logic such as mathematics (Roth, et al., 2015) and biology (Lawson, Banks, &
Logvin, 2006). Therefore, measuring inductive reasoning ability is important because it is
necessary to succeed in high school.

Induction or inductive reasoning is defined as “the ability to observe a phenomenon and discover
the underlying principles or rules that determine its behavior” (Schneider & McGrew, 2012, p.
112). Inductive reasoning describes a mental process of categorizing, applying, and inferring
rules or principles (LaForte, McGrew, and Schrank, 2014; Schrank, 2010). This means being
able to understand the rules of observed phenomena, make hypotheses about relationships
between those phenomena, and then be able to draw accurate inferences about the relationships
(Wilhelm, 2005).

Inductive reasoning can be measured in the form of figural spatial stimuli, such as geometric
shapes. This is beneficial because figural-spatial stimuli tend to be free from the influence of
other constructs such as memory (Wilhelm, 2005). Matrices are cognitive tasks that can be used
to measure inductive reasoning (Carroll, 1993; Wilhelm, 2005). Rules or principles that are
commonly used in matrices tasks are constant in a row, quantitative progressive pairwise, figure
addition or subtraction, and distribution of three values (Carpenter, Just, & Shell, 1990; Primi,
2014). Stimuli complexity, type, and number of rules are factors that affect an item’s level of
difficulty (Primi, 2014). This study will use figural-spatial stimuli because they are considered
cultural-fair stimuli; because the target test takers come from various Indonesian high schools, it
was necessary to make sure that no one particular group was harmed by the method of
administration for this inductive reasoning test. Cattell (1987) recommended that stimuli used in
inductive reasoning tests worked best if either all familiar or all unfamiliar to all test takers.

Therefore, inductive reasoning is one of several abilities that the intelligence battery test will
measure to assist high school students in selecting a specialization. The aim of this study was to
develop an inductive reasoning subtest as part of the intelligence battery test (TISS, or Tes
Inteligensi Siswa SMA). The new subtest will be named Figural Inductive Reasoning Test (FIR).
This study will also test the psychometric properties of FIR so that it will meet the requirements
for a good psychological test. Thus, this study will answer the following research questions:

1. Is the FIR test is reliable; that is, does it have good internal consistency in measuring a
particular construct?

2. Is the FIR test valid in measuring inductive reasoning by correlation with another inductive
reasoning test?
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3. Do items in the FIR test have a suitable degree of difficulty? 4. Are items in the FIR test able
to distinguish between students with high and low inductive reasoning ability?
5. Do items in the FIR test have satisfying distractors?

Methods

Participants

Participants were obtained from high school students in different class specializations.
Participants were comprised of 97 tenth grade students ranging from 14 to 17 years old (M =
16.04, SD = 0.44) from three Jakarta public high schools. Participants’ genders were equally
distributed (female = 56.70 %). Most participants (72.16 %) were from the natural science
specialization. Participants were recruited using convenience sampling. School selection was
based on perceived level of school quality by Jakarta citizens and categorized as high, medium,
and low quality.

Measures

The FIR test is an optimum performance test that either has a time limit or is administered as a
timed-power test. The FIR test is a paper and pencil test that is administered to a group. The FIR
test items were developed based on three indicators. According to Schneider and McGrew
(2012), individuals who had high inductive reasoning ability were able to: (1) identify rules,
characteristics, or patterns from particular materials or stimuli; (2) categorize materials or stimuli
based on rules, characteristics, or patterns and determine which materials or stimuli do not
conform with particular rules, characteristics, and patterns; and (3) state the underlying principles
of particular materials or stimuli explicitly. All the three indicators of inductive reasoning were
measured using a multiple choice format with five alternatives. A score of +1 was given for
every right answer and zero was given for every wrong answer. A total score was obtained by
adding together all true answers. Therefore, a higher score indicated an individual’s higher
inductive reasoning ability. The item specifications for the FIR test are seen in Table 1.

Table 1
Test Specifications of the FIR Test
Item category Numbers of rules Type of stimuli Target item Item pooling
Easy 1 Familiar, matrices 2 x 3 7 10
Medium lor2 Familiar, matrices 3 x 3 14 21
Difficult 2 Non-familiar matrices 3 x 3 9 14
Total 30 45

The items were divided into three categories: easy, intermediate, and difficult. The proportion of
medium items was made the largest in order to obtain the optimal item discrimination index. The
degree of item difficulty was based on numbers of rules and types of stimuli represented in the
item. The rules were constant in a row, quantitative progressive pair ways, figure addition or
subtraction, and distribution of three values. The types of stimuli were divided into two
categories: familiar and non-familiar. The familiar stimuli consisted of geometrical shapes such
as triangles and rectangles, while the non-familiar stimuli consisted of random patterns and were
not associated with everyday objects. Matrices were divided into two forms: 2 x 3 matrices
constructed of 2 rows and 3 columns to make a total of six cells; and 3 x 3 matrices constructed
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of 3 rows and 3 columns for a total of nine cells. The last cell of each matrix was left empty so
that the test-taker could apply deduced rules to fill in the missing cell.

Testing Method Data Analysis

Reliability testing in the FIR test was internal consistency with Cronbach’s Alpha. Reliable test
criteria were based on Kaplan and Saccuzzo’s work (2005).The construct validity testing used
the Raven’s Standard Progressive Matrices (SPM) as the criteria. SPM was proven to be a valid
test in measuring inductive reasoning (Wilhemn, 2005). Item difficulty analysis was conducted
to ensure that each item had a satisfactory difficulty level. Easy items were expected to have p >
0.6; intermediate items were expected to have p between 0.4 and > 0.6; and difficult items were
expected to have p = 0.2. Item discrimination analysis used the corrected item-total correlation
(crit) method, where a good discriminating item had crit > 0.2 (Nunnally and Bernstein, 1994).
Distractor power analysis was carried out to ensure that each distractor had a satisfactory ability
to deceive the test taker. Good distractors were those with a small ratio between the expected
distractor power (EDP) and actual distractor power (ADP) (Friedenberg, 1995).

Procedure and Data Analysis

Expert Judgment and Readability Process

After test conceptualization, item pooling for as many as 45 items was collected. Expert
judgment was conducted by two psychometric and intelligence experts. The experts evaluated
every item based on the appropriate indicator and item specifications. Some items were found to
be too difficult because they contained stimuli that were too complex. There were also
ambiguous items that could be solved by applying more than one rule. The results of the expert
judgment were used to revise and evaluate items in terms of item difficulty and quality, as well
as test instruction.

A readability process was conducted on eight tenth grade students from Jakarta and Bogor and
three ninth grade students from Jakarta and Depok. The ninth grade students were involved in
order to enrich item feedback. Based on the readability process, ambiguous and confusing items
were revised.

Try Out
In the try-out process, participants came from two public high schools in Depok. The first high

school was still using the KTSP curriculum, so the students had not yet been divided into
different majors. The total number of students involved in the try-out process was 62 (male =
37). The results are listed in Table 2.

Table 2
Try-out results
Description
Mean 22.68
Standard deviation 5.48
Variance 30.1
Mean of duration 21 minutes 33 seconds
Maximum score 33
Minimum score 9

The percentage of participants who completed the FIR test on minute-25 was 75.62%. This
illustrated that 25 minutes was the optimal amount of time in which to complete the test (N =
45). The reliability testing of the FIR test with Cronbach’s Alpha showed o = 0.716. According
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to Kaplan and Saccuzo (2005), a reliability index of 0.70 can be categorized as reliable. Hence,
we can infer that the FIR test had good internal consistency in measuring a particular construct.

Item difficulty analysis showed that 16 items were relatively easy; 10 items were relatively
medium; and 19 items were relatively difficult. Item discrimination analysis showed that 22
items had crir 2 0,2. This means that 22 out of 45 items already had a good discriminating
power to distinguish between students with high and low inductive reasoning ability. Item
difficulty index, item discrimination level, and distractor power were analyzed, and due to the
low quality in item discrimination index and item difficulty index, it was decided to reduce the
total by five items. Furthermore, since the FIR test was part of TISS, the number of items should
be considered in order to achieve the most efficient intelligence test battery.

Results

The total number of items tested was 40, with a 25-minute time limit. Descriptions of FIR test
are listed in Table 3.

Table 3
The Description of the FIR Test
Description
Mean Score 26.95
Standard deviation 4,79
Maximum score 35
Minimum score 9
Mean time 22 minutes 15 seconds
Minimum time 16 minutes 1 second
Maximum time 32 minutes 46 seconds
N completed in 25 minutes 62 (63.94%)
N completed in 27 minutes 75.62%

According to Crocker and Algina (2004), based on mean score obtained, the FIR test could be
categorized as a test with a medium to easy level of difficulty since participants were able to
answer an average of 27 out of 40 items (mean = 26.95, SD = 4.79). Observation during the
testing showed that there were still many test takers who did not complete their test within the
given time limit. Only 65% of participants completed the test in 25 minutes. This result indicated
that the time limit of 25 minutes was still not the optimal time for the FIR test. Participants
continued to finish the test until the 30-minute mark. Further analysis shows that the optimal
time for completing the FIR test was 27 minutes; 75% of the respondents finished the test in 27
minutes.

Reliability testing shows that FIR had a coefficient Cronbach’s Alpha = 0.72. According to
Kaplan and Saccuzo (2005), this indicated that the FIR test had an adequate internal consistency
in measuring the same construct. This also meant that 71.60% of observed score variance came
from true scores and 28.40% came from content heterogeneity and content sampling error. In
correlation with the SPM test, the construct validity testing showed r = 0.63, n = 97, p < 0.01.
Thus, the FIR test was valid for measuring inductive reasoning ability because it correlated
significantly with the SPM test that also measured the same construct. There was a 39.69%
variance of the FIR test as associated with the SPM test.

Item difficulty analysis showed that 28 items were categorized as easy; 9 items were categorized
as medium difficulty; and 3 items were categorized as difficult items (see Table 4). This shows
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that most of the items in the FIR test were relatively easy. Item discrimination analysis showed
that 23 items had a good discriminating power, while the other 17 items still had a low
discriminating ability. The low item discrimination index was influenced by the item difficulty
index. Many participants could answer an easy item correctly, whereas only a few participants
could answer difficult items correctly. Both conditions affect the item’s ability to differentiate
ability. Distractor power analysis showed that 80% of items had enormous distance between
ADP and EDP. This indicates that most items in the FIR test still had low distractor power. This
affects item difficulty because participants could correctly answer the test by guessing from the
given distractors.

Based on reliability testing, validity testing, and item analysis, we conducted an integrative
analysis to select the best items for the final FIR test. The criteria used to select items were item
difficulty index (p), item discrimination index (crit 2 0.2), reliability test if item was deleted, and
distractor power with least discrepancy between ADP and EDP. From the integrative analysis,
there were 30 most satisfactory items. The items had good quality in measuring inductive
reasoning but still had to be revised to increase quality. Revision had to be conducted in order to
increase difficulty level and quality of stimuli, such as adding more rules and discarding some
stimuli features. Finally, the 30 selected items were sorted according to level of difficulty, as
seen in Table 4.

Table 4

Final Result of Item Selection
Item difficulty Item order Item total
Easy 2,6,9,8,5,10,3 7
Medium 25,11, 17,14, 16, 21, 13, 24, 23, 22, 27, 15, 12, 18 14
Difficult 38, 34, 37, 30, 36, 33, 40, 39, 32 9
Total 30

Note: Easy (p above .6); Medium (.4 <p =.6); Difficult (p below .4)

Reliability analysis was retested on the 30 selected items and showed that the coefficient a was
increased to 0.727. Furthermore, validity testing showed that there was also enhancement in the
validity coefficient (r = 0.67, p < 0.01) between the FIR test and SPM. Thus, it can be inferred
that the FIR test has a high internal consistency and is valid for measuring inductive reasoning.

Discussion

The new FIR test was developed and examined to meet the standard of a good test according to
psychometrics. The FIR test was found reliable as well as valid in measuring inductive reasoning
but still needed several improvements in item difficulty, item discrimination, and distractor
power. Future retests for the revised items were also needed to examine psychometric properties.

The high FIR score from samples was related to the characteristics of participants tested in the
psychometric testing. The large number of items categorized as easy (n = 28) was influenced by
participants’ overall high inductive reasoning ability. This is supported by their SPM scores.
Participants’ SPM scores were also high, which meant they had a high level of inductive
reasoning ability. It is possible that this also resulted from the school characteristics. The
differences between high, intermediate, and low quality schools were not stated clearly, so
selected schools might have shared the same qualities. In further examination, there is a need to
create a school quality indicator before selecting which schools will participate.
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Another finding was related to time limit of the test. It seemed that the previous time limit was
not optimal because the number of participants who completed the test did not achieve 75% yet.
On the other hand, the number of correct answers in the field data was higher than it was during
the try-out process. This means that participants spent more time to correctly answer more items.
Nunnally and Bernstein (1994) stated that in a timed-power test, a huge duration should be given
to complete the test so that at least 90% of the test takers finish it. As a result, in this case, the
time limit given was not sufficient to complete the test, so further examination is needed to
determine the FIR test’s optimal duration.

The reliability testing showed that the test has internal consistency in measuring inductive
reasoning. This means that the constructs measured in test were homogenous. This result is
consistent with de Koning, Sijtsma, and Hamers (2003) and Wilhelm (2005) who stated that
figural-spatial stimuli were the best way to measure inductive reasoning because they are free
from the influences of other constructs. On the other hand, there was a 28.4 % error variance
from content heterogeneity and content sampling error. The error might have originated from the
gestalt effect from stimuli (Van der Ven & Ellis, 2000). This means that perhaps the test taker is
able to solve items by applying gestalt rather than the rules they found in the problems given.
Therefore, further improvements are needed to enhance the FIR test reliability by reducing the
gestalt effect. Little and Akin-Little (2014) also argued that the test ought to have a reliability
coefficient of at least 0.8 to be used for any purpose in school. To increase the test’s reliability
index, we could revise the item, especially to increase crt. It is better for an intelligence test to
have more than one reliability score because some tests usually have more than one method of
reliability, such as WJ-1lIl COG (LaForte, Schrank, & McGrew, 2014). Test-retest reliability
could be conducted to enhance test quality and to indicate that the test was successfully
developed and could be used for several purposes.

The construct validity testing showed that the FIR test and SPM correlate highly with each other
and have high amounts of shared variance. The high correlation is related to the similarity of
their formats. Another factor was that the rules used in both tests were also similar (Carpenter,
Just, & Shell, 1990; Primi, 2014). However, another construct validity testing could be
conducted to confirm the FIR test validity; for example, using a convergent and discriminant
method. In the previous examination, the restricted amount of time restrained the usage of any
other validity method. Therefore, the duration of the test in the next study should be extended to
allow another validity testing method. Cattell’s Culture Fair Intelligence Test could be used as a
convergent criterion because it measures reasoning ability that aligns with FIR. On the other
hand, a vocabulary test could be used as a discriminant criterion because theoretically,
vocabulary ability is not related to FIR. Factor analysis could also be conducted among all sub-
tests in TISS, especially to other narrow abilities in Gf.o test criteria validity, the FIR test could
be correlated with a particular achievement test such as a math test because the FIR test had
proven capable of predicting students’ academic achievement. Finally, construct validity could
be measured with a contrasted group method, such as comparing the FIR score from high and
low quality schools or comparing two different school specializations (e.g., natural science vs.
social science).

Item difficulty analysis showed that some items already met item target qualifications but that
some others still needed to be improved although they had been made carefully based on the item
complexity and number and type of rules (Carpenter, Just, & Shell, 1990; Primi, 2014). Further
review showed that some of an item’s features affected its difficulty, especially making it
relatively easy. First, some items had parts that could be grouped so that the information
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processing load was reduced; for example, similar colors and geometric shapes (Primi, 2014).
Second, figural-spatial stimuli used were not quite abstract, so that made the item easier as well
(Schulze, Beauducel, & Brocke, 2004). As a consequence, revisions in the stimuli color, shape,
and abstraction were needed to enhance the item’s difficulty level.

Item discrimination analysis showed that 50% of items had satisfying discrimination levels. Item
discrimination was important because it contributed to test reliability (Guilford & Frutcher,
1978). Thus, revisions were still needed in order to increase the FIR test’s coefficient of
reliability. Lots of distractors were not working to deceive the test takers, increasing the
possibility of guessing the correct answer randomly. This could especially affect the item
difficulty index (Guildford & Frutcher, 1978). In other words, unselected distractors completely
reduced alternatives, making the correct answer more predictable. Hence, revisions toward
distractors were also needed.

There were some limitations of the study. The first is related to the sample size. A restricted
sample number caused unstable results, especially in item analysis. Nunnally and Bernstein
(1994) stated that the minimum sample size required to obtain more stable results is at least five
to ten times the number of items, or about 200-300 participants. Thus, a large sample size is
recommended for further study. Another limitation was in terms of participant characteristics.
Participants came mostly from natural science specializations in their schools, so characteristics
in this study tended to be similar. This is likely to have resulted in a selected group whose
common characteristics might affect the test score variability. High-medium-low quality school
categories were also not clearly determined and were still limited to Jabodetabek. Meanwhile,
since the test would be used by all Indonesian high schools, a wider sample of student and school
characteristics is needed to better represent all Indonesia high school students in any further
research.

Based on development and psychometric testing, it can be concluded that the FIR test as part of
TISS has the potential to be a new way to measure inductive reasoning in high school students.
The reliability test showed that the FIR test was reliable and had a good internal consistency.
Furthermore, the FIR test was valid for measuring inductive reasoning because it correlated
significantly with the SPM test, which also measures inductive reasoning. Item analysis showed
that despite the fact that some items had inadequate difficulty levels, they already had a
satisfying item discrimination index. However, most of the distractors were still poorly deceiving
participants.

Finally, to be used as one of the devices to test for student specialization placement, it would be
necessary to revise and retest the items with a larger sample. Hence, the FIR test quality could be
improved and an adequate norm could be developed as guidance for test score interpretation.
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