Y

Gadjah Mada Journal of Psychology (GamaJoP)

Journal Homepage: https://jurnal.ugm.ac.id/gamajop

Email : gamajop.psikologi@Qugm.ac.id
ISSN 2407 - 7798 (Online)

Volume 10

Number 2, 2024

Page: 118-130
DOI:10.22146/gamajop.83491

Received 29 March 2023
Revised 24 July 2024
Accepted 18 September 2024
Published 25 October 2024

Keywords:

academic achievement; differential
aptitude test; flanagan aptitude
classification test; predictive validity

*Author for correspondence: Email:
r.hidayat@ugm.ac.id

©®O©

© GamaJOP 2024. This is an open access
article under the CC BY-SA license
(https:/ /creativecommons.org/licenses / by-

sa/4.0/), which permits unrestricted re-use,
distribution, and reproduction in any medium,

provided the original work is properly cited.

Assessing the Predictive Power of Aptitude Tests on
Academic Achievement of Students in Science and
Technology Majors

Anindita Dwi Hapsari and Rahmat Hidayat™

Faculty of Psychology, Universitas Gadjah Mada, Indonesia

Abstract

Aptitude tests are used as part of aptitude assessments. The results of these tests can
later serve as the basis for providing study major recommendations for clients who
wish to pursue their studies at higher education institutions. Two of the aptitude
tests used as part of the aptitude assessment are the Differential Aptitude Test
(DAT) and the Flanagan Aptitude Classification Test (FACT) which consisted of
comprehension, reasoning, patterns, arithmetic, mechanical reasoning, and speed-
accuracy subtests. This research intended to know the predictive power of aptitude
tests on academic achievement in higher education institutions, especially in the
STEM program. Participants in this study were 179 students (111 female, 68 male)
at Universitas Gadjah Mada. All participants had taken an aptitude assessment at
a psychological service provider and had undergone their first year of study in the
STEM programs. Correlation analysis was carried out with the aptitude test as
the predictor and GPA as the criterion. This study found that only the numerical
ability subtest had a satisfactory correlation coefficient as a predictor of the academic
performance in female STEM students in higher education.

As of 2020, there were 4,593 higher education institutions with 29,413 study pro-
grams from various scientific fields in Indonesia (Kemenristekdikti, 2019). Study
programs in Indonesia are grouped into several scientific fields, including agricul-
tural, social, educational, religious, engineering, economic, health and natural sci-
ences (MIPA), humanities, and arts (Kemenristekdikti, 2019). The alignment be-
tween interest and aptitude of individuals in their scientific fields contributes to
academic success (York et al., 2015). In determining whether a certain study do-
main matches the interests and aptitude of each individual, a specific assessment
process is needed to obtain comprehensive results. In the field of educational psy-
chology, psychological assessments are widely carried out with the aim of determin-
ing the intellectual capacity and identifying the interests and aptitude of students,
which can later be used to predict the level of success of students in pursuing their
studies (Suwartono, 2020). The results of this psychological assessment can later
provide objective information about the student’s abilities. Marsidi and Hatta
(2019) conducted an interest and aptitude assessment on 208 high school students
in Bekasi who were confused about choosing their undergraduate study programs.
The results of the psychological examination contain a lot of information about in-
telligence capacity, personality, attitudes and emotions in undergoing the learning
process, interests, and recommendations for study programs at college.

Rostiana and Saraswati (2018) also conducted a psychological assessment to
get an overview of the aptitudes and interests of 269 high school students in Yo-
gyakarta who reported difficulty in choosing majors. This assessment was found
useful as considerations for students in choosing a major at college. One of the
instruments widely used by psychologists and researchers in psychological assess-
ment is the psychological test. The use of psychological has several functions in
the assessment process, namely enhancing the psychologist’s understanding of the
client, providing evidence to support the diagnosis, and complementing evidence
when using more than one assessment tool (Weiner, 2013). These functions make
psychological tests play a significant role in the assessment process, so they are
often used by psychologists or researchers.

An instrument must provide empirical evidence of certain psychometric criteria
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to carry out its function in psychological measurement.
This empirical evidence is obtained from several studies
that will play a role in enforcing evidence-based assess-
ment (EBA). EBA itself refers to the use of empirical
studies and theories in guiding the selection of test instru-
ments to be used for specific assessment purposes (Hun-
sley & Mash, 2007). EBA is part of the Evidence-Based
Psychological Practice (EBPP) policy implemented by
American Psychological Association (APA) (2006). This
policy encourages more effective psychological practice
by applying the principles of psychological assessment,
case formulation, therapeutic relationships, and psycho-
logical interventions that have empirical supports (Amer-
ican Psychological Association (APA), 2006).

Understanding assessment tools begins with knowing
their specific purposes, which is closely related to the va-
lidity of the instruments and the accuracy of the test
results (American Psychological Assosiation, 2020). In-
formation from empirically tested assessment tools will
help psychologists carry out the basic goals of psychol-
ogy, namely understanding the differences between indi-
viduals, groups, and systems. This basic goal is divided
into four stages: describe, predict, understand, and influ-
ence (Periantalo, 2015). One of these goals is to predict,
meaning psychologists can predict psychologically related
events that may occur in the future for clients (Daulay,
2014). Therefore, it is important for assessment tools to
have empirically tested predictive validity to carry out
their predictive function properly and in accordance with
EBA policies.

Predictive validity, in a broader sense, refers to the
predictive power of a measuring instrument against any
criteria within a certain time interval (Anastasi, 1976).
This is different from concurrent validity, where the pre-
dictor variable and the criterion variable are measured at
the same time. Predictive validity is especially important
in instruments that measure future performance, e.g. em-
ployee selection tests and college entrance examination.
According to Siswanto (2014), several factors influence
the predictive validity of a measuring instrument, namely
its reliability and the time interval between the measure-
ment of the predictor and criterion. The time interval
between the assessments of the predictor and criterion is
crucial because a prediction tends to be less accurate if
the interval is too long. A prolonged interval between
the predictor and criterion assessments can result in low
correlations due to many factors affecting a person’s con-
dition during that period (Siswanto, 2014).

Research on predictive validity is still widely carried
out in psychology. Predictive validity was examined on
a language and behavioral development screening instru-
ment for children under 5, providing satisfactory predic-
tive power to forecast children’s future language and be-
havioral development (Sim et al., 2019). Another study
aimed to determine the predictive validity of the instru-
ment for measuring perception of challenges and its influ-
ence on career aspirations (Krannich et al., 2022). The
predictive validity of the Kessler Psychological Distress
Scale (K10) was also studied to find its effect on the men-
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tal well-being of children and adolescents (Smout, 2019).
In education, there was a study on how achievement tests,
general ability tests, and high school grades can predict
the academic achievement of engineering students (Ab-
delfattah et al., 2021). However, this study did not spec-
ify which abilities had the greatest influence on the aca-
demic achievement.

Aptitude has become a psychological construct that is
often studied in the field of psychology. Aptitude or tal-
ent can be interpreted as the capacity of an individual’s
ability to acquire a skill in a particular field through train-
ing (American Psychological Assosiation, 2022). The
principle of individual differences also applies to talent,
meaning that each individual has their own unique tal-
ent. At first glance, human talent and intelligence are
different things, but they are interrelated mental abili-
ties in humans. The term talent often refers to one of
various different characteristics, independent of one an-
other. This approach then aims to measure various sep-
arate skills, similar to the Cattell-Horn-Carroll (CHC)
theory and other modern intelligence theories. However,
aptitude tests are more likely to be designed for use in
education and research (Nugba & Quansah, 2021).

Aptitude itself has several definitions. According to
Freeman (1976), aptitude is a combination of characteris-
tics that indicate an individual’s capacity to acquire (with
training) some knowledge, skills, or a series of organized
responses, such as the ability to master language, become
a musician, or perform mechanical work. Chauhan (2009)
described aptitude as an individual’s ability for a certain
type of activity, as well as the capacity to acquire profi-
ciency under appropriate conditions, namely their current
potential as expressed by performance on a particular test
with predictive value. Aptitude itself shows an individ-
ual’s potential or latent capacity that can be developed
to obtain certain proficiency. Based on this statement,
it can be interpreted that talent can predict achievement
in a particular field and can be measured directly with
a specific assessment tool (Woodworth, 2010). The mea-
surement tool commonly used to identify talent is often
referred to as an aptitude test.

An aptitude test is designed to measure a person’s
potential ability in a certain type of activity within a lim-
ited range (Freeman, 1976). Aptitude tests are often pre-
sented as multiple battery tests, where several subtests in
different fields are given to the testee. These subtests can
measure various abilities, such as numerical ability, spa-
tial ability, numerical reasoning, and speed and accuracy
(Setiawati, 2020). Therefore, aptitude tests can provide a
cognitive profile of an individual’s areas of strength and
weakness (Anastasi, 1976).

Aptitude tests often used by practitioners and re-
searchers include the Differential Aptitude Test (DAT)
and the Flanagan Aptitude Classification Test (FACT).
DAT was developed by Bennet et al. (1947) in the United
States (Bennet et al., 1947), while FACT was first pub-
lished by Flanagan (1953)

Several previous studies have used DAT and FACT to
identify aptitudes and interests. Novalina et al. (2021)
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used DAT to explore the interests and aptitudes of stu-
dents at an institution in Medan. DAT was also used
to assess whether the students’ aptitudes and interests
match their chosen majors at at private vocational schools
in Surakarta (Hertinjung et al., 2020). Ardiyaning (2012)
conducted research on the development of student poten-
tial using online aptitude test with the DAT and FACT
comprehension subtests as measuring instruments. Nurc-
ahyo et al. (2012) used DAT and the comprehension sub-
test from FACT on grade 12 students in Mentawai Islands,
West Sumatra, in their study.

Aptitude tests can be used for many purposes, includ-
ing predicting a person’s future performance in various
contexts, such as academic achievement (Asrijanty, 2014).
Therefore, the predictive ability of the assessment tool is
very important. The more precise and accurate an ap-
titude test is in predicting a student’s academic achieve-
ment in a specific field, the better the quality of the test
(Setiawati, 2020). The accuracy and precision of the test
in predicting future achievement can be determined by ex-
amining the predictive validity of the assessment (Azwar,
2018). Predictive validity can be determined by calculat-
ing the correlation between the test results as predictors
and the criteria (Azwar, 2018), in this case the criteria
would be academic achievement.

The predictive validity of aptitude tests such as the
DAT and FACT has been widely studied. Doppelt and
Bennett (1951) conducted a longitudinal study by pre-
senting the DAT to high school students in the United
States. The study found that the verbal reasoning and
language use subtests had the highest correlation with
students’ academic performance over three years, while
the clerical speed and accuracy subtest had the lowest
correlation. Additionally, Layton and Swanson (1958)
studied the correlation of the DAT in high school stu-
dents in the United States and found that only the verbal
reasoning and numerical ability subtests had significant
correlation with academic achievement. Nijenhuis et al.
(2000) found that aptitudes measured by DAT showed
strong predictive value for achievement in mathematics
and Dutch language among immigrant students. How-
ever, the study did not specifically mention which sub-
tests had a significant influence on each subject. Research
conducted by Setiawati (2020) found that aptitudes mea-
sured using the DAT as a whole contributed to the success
of psychology students by 41.1%. However, separately,
only the verbal and numerical subtests had a significant
influence on the academic achievement of psychology stu-
dents.

Understanding which subtests play a significant role
in predicting students’ academic achievement is crucial to
know what aptitudes are important in a particular field of
study. Fach field of study has unique core competencies
that differentiates it from other fields. The difference
in core competencies means the required aptitudes also
differ. In science, technology, engineering, and mathe-
matics (STEM), the cognitive skills needed include infor-
mation processing and management, as well as critical,
creative, and computational thinking (UNESCO Interna-
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tional Bureau of Education and Soo Boon Ng, 2019). The
science and technology cluster in Indonesia covers vari-
ous fields, including technology, engineering, agriculture,
health, and other fields related to the natural sciences
(Pradana et al., 2021). Competencies in these fields are
certainly different from the competencies needed in social
sciences and humanities.

The numerical and verbal reasoning subtests of the
DAT have significant predictive power on the academic
achievement of grade 11 high school students studying
STEM (Santos & Boyon, 2020). In line with this study,
the combination of numerical and verbal reasoning ap-
titudes can also predict academic achievement among
college students (Corengia et al., 2013). Haciomeroglu
(2016) stated that verbal reasoning ability is the most po-
tential contributor to students’ performance in calculus.
Rockinson-Szapkiw et al. (2014) said that although both
numerical and verbal reasoning ability significantly pre-
dicted students’ academic performance, numerical ability
had greater power in predicting graduate student perfor-
mance than verbal ability.

In Indonesian universities, engineering is the second
most studied field and the most studied one in nine
provinces, namely Jakarta Metropolitan Area, Banten,
West Java, Central Java, Special Region of Yogyakarta,
Bangka Belitung, East Kalimantan, Riau Islands, and
South Sumatra (Kemenristekdikti, 2019). In addition,
STEM majors are also often highly selective (Universitas
Gadjah Mada [UGM], 2022). The selectivity of study pro-
grams at UGM in for incoming students in 2020 can be
seen in Table 1. 1 also shows that in 2022, the medicine
is the study program with the lowest acceptance rate at
UGM, at 1.18%. The information and technology major
is also a highly selective study program, having an ac-
ceptance rate below 2.5% from 2020 to 2022. The data
suggests that many students want to advance their stud-
ies in the STEM field. However, until now there has
been no research on the predictive validity of aptitude
test for student academic achievement in science-related
study programs in Indonesia.

Based on the background that has been described, this
study aimed to explain the ability of the FACT and DAT
tests in predicting academic achievement of students ma-
joring in STEM. The hypothesis proposed in this study
is that the FACT and DAT comprehension subtests con-
sisting of subtests of reasoning, patterns, arithmetic, me-
chanical reasoning, and clerical speed and accuracy can
predict the academic achievement of students in STEM
programs.

Methods

The predictor variables in this study were DAT and FACT
scores. The criterion used in this study was academic
achievement measured using the Grade Point Average
(GPA). Academic achievement is defined as the final re-
sult of the learning process that students have undergone
over a certain period and is represented in the form of
specific numbers or symbols (Suryabrata, 2006). GPA,
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Table 1
Acceptance Rates of Several Study Programs at Universitas Gadjah
Mada

Acceptance Rate (%)
2022 2021 2020
Korean Language and Culture 3.57 2.00 1.54

Major

Health Nutrition 2.44 2.70 1.20
Actuarial Science 3.03 278 1.09
International Relations 1.92 1.82 0.87
Computer Science 1.89 217 1.03
Communication Sciences 1.30 1.45 0.68
Medicine 1.18 1.49 0.88
Management 1.67 1.56 0.88
Management and Public Policy 2.38  2.86 1.00
Tourism 2.94 2.38 1.25
Psychology 244 238 1.43
Statistics 233 263 1.16
Information Technology 2.13 1.92 1.19

as an indicator of academic achievement, refers to the
level of success in a particular field of study as evidenced
by competence at a certain level.

The instruments used in this study were the DAT test,
the comprehension subtest of FACT, and GPA. The DAT
test was developed by (Bennet et al., 1947), based on the
primary mental abilities (PMA) model by L. L. Thur-
stone. The DAT test used in this study consisted of five
subtests: reasoning (A3), arithmetic (Ab5), patterns (B3),
mechanical reasoning (C4), and clerical speed and accu-
racy (D4). All DAT subtests are "power tests” except for
the clerical speed and accuracy test, which is a ”speed
test” (Anastasi, 1976). The reliability of the DAT sub-
tests that have been adapted to the Indonesian language
varies from 0.73 to 0.92. The reliability of the reasoning,
arithmetic, pattern, and mechanical reasoning subtests
are 0.858, 0.850, 0.862, and 0.737, respectively (Setiawati
et al., 2018). Meanwhile, the reliability of the clerical
speed and accuracy subtest is 0.77-0.93 for men and 0.84-
0.91 for women (Bennet et al., 1952).

The next instrument is the comprehension subtest
from FACT. The FACT comprehension subtest is the
eighth subtest in the FACT series. In the original ver-
sion, this test is called the judgement and comprehension
subtest. This subtest measures an individual’s ability to
read and understand, then assess the logic of reasoning in
decision by understanding a practical situation. The relia-
bility of the comprehension subtest that has been adapted
into Indonesian is 0.66 (Suramto et al., 1996).

The distribution of items for DAT and FACT can be
seen in Table 2. Meanwhile, the results of the assessment
of graduate learning outcomes at the end of the study
program are stated in the GPA (Kementerian Pendidikan
dan Kebudayaan Republik Indonesia, 2014). The GPA is
quantified by adding the multiplication of the grades of
each course taken and the credits (SKS) of the relevant
course, divided by the number of credits of the courses
that have been taken.
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This research received ethical clearance from
the Research Ethics Committee of the Fac-
ulty of Psychology at UGM (clearance number

1669/UN1/FPSi.1.3/SD/PT.01.04/2022).

The data in this study are secondary in the form of
aptitude tests (one FACT subtest and five DAT subtests)
done by incoming students of STEM majors at Universi-
tas Gadjah Mada year 2020. Criteria data were in the
form of the grade points of semester 1, grade point of
semester 2, and grade point average for the first year of
study. Data were obtained from the psychology bureau
and academic divisions of STEM at UGM, namely the
Faculty of Biology; Faculty of Pharmacy; Faculty of Ge-
ography; Faculty of Medicine, Public Health and Nurs-
ing; Faculty of Veterinary Medicine; Faculty of Dentistry;
Faculty of Forestry; Faculty of Mathematics and Natu-
ral Sciences; Faculty of Agriculture; Faculty of Animal
Science; Faculty of Agricultural Technology; Faculty of
Engineering; and the Vocational School. The data collec-
tion procedure is explained as follows:

Before data collection was carried out, the researcher
applied for permission to conduct research from the psy-
chology bureau and the academic divisions of the target
faculties. Then, the psychology bureau together with the
researcher asked for permission to conduct research on
users of the psychology bureau services whose data would
be included in this study. After obtaining permission, the
researcher then collected data from participants who took
the aptitude test at the psychology bureau from Septem-
ber to October 2019. The participants chosen were those
at that time because the data had complete predictor
scores with a sufficient number to conduct predictive va-
lidity research. After obtaining the names of the par-
ticipants, the researcher screened participants who were
accepted into the STEM majors at UGM. The researchers
then collected data on the first-semester grade point aver-
age (GPA), second-semester GPA, and first-year cumula-
tive GPA from the academic divisions of target faculties.

Correlation analysis was used in this research with the
aim of knowing the relationship between predictors and
criteria. In this study, the predictors were the FACT com-
prehension and the DAT subtests (reasoning, arithmetic,
pattern, mechanical reasoning, and clerical speed and ac-
curacy). Meanwhile, the criterion variables in this study
were first-semester GPA, second-semester GPA, and first-
year CGPA. Data analysis was conducted using Jamovi
software version 2.3.16.0.

Results
The participants included in this study were class of 2020
at UGM who had taken the first year of college and had
taken the FACT and DAT tests. The total FACT and
DAT test participants that year were 842 students con-
sisting of 735 students majoring in natural sciences (IPA),
101 students majoring in social sciences (IPS), and six
students majoring in language. The distribution of test
participants can be seen in Table 3.

Based on Table 3, 321 participants were male (280



Gadjah Mada Journal of Psychology (GamaJoP)

Table 2
Item Distribution of FACT and DAT Subtests
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Subtest Code
Comprehension Al
Reasoning A3
Arithmetic A5
Pattern B3
Mechanical Reasoning Cc4

Clerical Speed and Accuracy D4

Total Items  Working Time  Score Range
24 30 minutes 0-22
50 30 minutes 0 -50
40 30 minutes 0 - 36+
40 30 minutes 0 - 100
68 30 minutes 0-68
100 3 minutes 0 - 100

Table 3
Prospective Students Based on Major in High School

High School Major Male Female
Natural Science 280 455
Social Science 40 61
Language 1 5

majoring in natural science, 40 in social science, and 1 in
language) and 521 were female (455 majoring in natural
science, 61 in social science, and 5 in language). After a
screening process, it was found that there were 179 stu-
dents (111 female students and 68 male students) who
were accepted into UGM’s STEM programs. The stu-
dents who were accepted into the STEM programs all
came from natural science majors. The distribution of
participants in the study can be seen in Table 4.

Table 4
Distribution of Research Participants (N=179)

Faculty Male  Female
Faculty of Biology 1 2
Faculty of Pharmacy 2 7
Faculty of Geography 2 5
Faculty of Medicine, Public Health and Nursing 6 30
Faculty of Veterinary Medicine 1 3
Faculty of Dentistry 0 14
Faculty of Forestry 2 1
Faculty of Mathematics and Natural Science 10 4
Faculty of Agriculture 4 7
Faculty of Animal Science 2
Faculty of Agricultural Technology 9
Faculty of Technology 31 26
Vocational School 0 1

Based on the data in Table 4, the distribution of re-
search participants is not balanced. The proportion of
male participants is around 38% of the total sample. This
proportion gap is also seen in some faculties, such as the
Faculty of Dentistry where there are no male participants.
This proportion gap can lead to an issue in computational
statistics due to the possibility of sampling error.

Data Descriptive Results of Predictor Variables

The predictor variables in this study were students’ FACT
comprehension and DAT scores. DAT test consists of
a reasoning subtest, arithmetic subtest, pattern subtest,
mechanical reasoning subtest, and clerical speed and ac-
curacy subtest. Score 1 was given for the correct answer
and 0 for the wrong answer. The FACT comprehension
and DAT subtests were calculated according to the guid-
ance, which might differ from one subtest to another. Af-
ter obtaining the raw score, the raw score was converted
into a weighted score using norms from the Faculty of
Psychology of UGM. Seen in Table 5

As shown by Table 5, the number of participants de-
creased from the previous 842 prospective students to 179
accepted students. In the prospective student group, the
highest average score was Al or comprehension (81.35).
Meanwhile, the lowest average (60.29) was for the C4
or the mechanical understanding subtest. The largest
variance (655.915) was D4 or clerical speed and accuracy,
while the subtest with the smallest variance (306.159) was
A1, or the comprehension subtest. The largest standard
deviation (25.61) was found in the clerical speed and accu-
racy subtest and the smallest standard deviation (17.49)
was seen in the comprehension subtest.

In the group of accepted students, the highest aver-
age score was found in the A3 or reasoning subtest, while
the lowest average score was in the B3 or pattern subtest.
The largest variance (560.290) was found in the C4 or me-
chanical reasoning subtest, whereas the smallest variance
(165.086) was seen in the A3 or reasoning subtest. The
largest standard deviation (23.67) was also found in the
C4 mechanical reasoning subtest, and the smallest stan-
dard deviation (12.85) was seen in the A3 or reasoning
subtest. Seen in table 6

Table 6 shows the differences in the number of par-
ticipants based on gender. Among male participants, the
highest average score (87.80) was seen in the A3 or rea-
soning subtest. Meanwhile, the lowest average (46.91)
was seen in the C4 or mechanical reasoning subtest. The
largest variance (593.326) was found in the D4 or clerical
speed and accuracy subtest, while the smallest variance
(189.858) was seen in the A3 or reasoning subtest. The
largest standard deviation (24.35) was found also in the
D4 or clerical speed and accuracy subtest, and the small-
est standard deviation (13.77) was seen in the A3 or rea-
soning subtest. This means that the aptitude for speed
and accuracy in male participants was more varied, while



Gadjah Mada Journal of Psychology (GamaJoP)

Table 5
Descriptive Statistics of the FACT Comprehension and DAT Subtests
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Subtest Code

Prospective Students (N=842)

Enrolled Students (N=179)

Mean  Variance SD

Al 81.35 306.159  17.49
A3 81.02 371.863 19.28
A5 74.03 492506 22.19
B3 54.74 515.403 22.70
C4 60.29 592.983 24.35
D4 68.73  655.915 25.61

Skew. Mean Variance SD Skew.
-1.434 8456 195.810 13.99 -1.466
-1.312 88.12 165.086 12.85 -1.945
-0.867 84.48 218.082 14.77 -1.474
-0.153 63.14 447.941 21.16 -0.391
-0.387 66.04 560.290 23.67 -0.741
-0.599 73,51 536.072 23.15 -0.824

Table 6

Descriptive Analysis of Predictor Scores in Enrolled Male and Female Students

Subtest Code Male (N=68)
hline Mean  Variance SD
Al 81.26  270.824 16,45
A3 87.80 189.858  13.77
A5 79.55 227.832 15.09
B3 57.52 437.387 20.91
C4 46.91 475.395 21.80
D4 73.04 593.326 24.35

Female (N=111)

Skew. Mean Variance SD Skew
-1,004 86,57 141,083 11,87 -1,810
-1,648 88.31 151.400 12.30 -2.160
-1.256 87.49 189.980 13.78 -1.869
-0.039 66.57 427.065 20.66 -0.644
-0.028 77.76  252.163 15.88 -1.396
-0.954 73.79 505.857 2249 -0.734

the aptitude for reasoning was the opposite.

Among female participants, the highest average score
(88.31) was also in the A3 or reasoning subtest. Mean-
while, the lowest average (66.57) was seen in the B3 or
pattern subtest. The largest variance (505.857) was seen
in the D4 or clerical speed and accuracy subtest, while
the smallest variance (141.083) was seen in the Al or
comprehension subtest. The largest standard deviation
(22.49) was also in the clerical speed and accuracy sub-
test, and the smallest standard deviation (11.87) was in
the comprehension subtest. Like their male counterparts,
female students exhibited more variance in clerical speed
and accuracy. Meanwhile, the comprehension aptitude
showed the least variability than other subtests among
female participants.

The criterion variable in this study is academic
achievement, represented by GPA. The GPA system at
UGM ranges from 0 to 4. Table 7 describes the partici-
pants’ GPA data.

Table 7
Statistical Description of GPA (N = 179)

Criteria Min  Max Mean Variance SD
GPA?1  0.75 4.00 3.42 0.217 0.47
GPA®2  0.96 4.00 3.41 0.290 0.54
CGPA>  1.04 4.00 3.42 0.229 0.48

2Grade Point Average (per semester)
bCumulative Grade Point Average (per study year)

Table 7 first semester GPA and CGPA of the first year
had the highest mean of 3.42 each. The first semester
GPA also had the largest range of 3.25 (SD=0.47). The
smallest range was shown in the first-year GPA at 2.96
(5D=0.48). The highest standard deviation (0.54) was

seen in the second semester GPA, while the lowest was
observed (0.47) in the first semester GPA. Therefore, the
second semester GPA data was the most heterogeneous,
while the first semester GPA was the most homogenous.
Seen in table 8

Table 8 shows the descriptive data of participants’
GPA based on gender. The average GPA of the accepted
students was relatively satisfactory. The largest mean dif-
ference (0.159) between male and female participants was
seen in the second semester GPA. Meanwhile, the small-
est difference (0.076) was seen in the first-year CGPA.

Correlation Analysis Results
The predictive validity of the aptitude test can be seen
from the linear correlation coefficient between predic-
tor variables (comprehension subtest, reasoning subtest,
arithmetic subtest, pattern subtest, mechanical reason-
ing subtest, and clerical speed and accuracy subtest) and
criterion variables (in this case the first semester GPA,
second semester GPA, and CGPA). The results of the
simple linear correlation analysis can be seen in Table 9.
The correlation analysis results showed that the high-
est correlation was between the arithmetic subtest and
the second semester GPA (R=0.297; p<0.001). In addi-
tion, the lowest correlation is between the reasoning sub-
test and the second semester GPA (R=-0.002; p>0.001).
In Table 6, it can be seen that the aptitude test and GPA
had a positive correlation regardless of the significance
level, except for the reasoning subtest and the clerical
speed and accuracy subtest. In addition, it can also be
seen significant correlation with GPA was only observed
in the arithmetic subtest. Meanwhile, the reasoning sub-
test has the lowest correlation coefficient when compared
to the other subtests.
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Table 8
Descriptive Analysis of GPA in Accepted Students by Gender

124

GPA Male (N=68) Female (N=111)

Mean  Variance SD Skew. Mean Variance SD Skew.
GPA1 3.352 0.299 0.547 -2.843 3.454 0.165 0.406 -1.525
GPA 2 3313 0.299 0.547 -2.093 3.473 0.278 0.527 -2.591
CGPA  3.335 0.281 0.530 -2.492 3.466 0.281 0.439 -2.109

Table 9
Correlation Analysis of FACT Comprehension and DAT Subtests with
GPA (N=179)

Criteria Predictor
Al A3 A5 B3 (ez} D4
GPA'1 0.149 -0.026 0.259a 0.109 0.086 -0.108
GPA2 0.106 -0.002 0.297a 0.093 0.127 -0.149
CGPA  0.133 -0.014 0.293a 0.106 0.114 -0.138
2p<0.001

The next analysis used in this study was simple linear
regression analysis to determine the effectiveness of the
arithmetic subtest in predicting academic achievement in
students studying STEM. The results of the simple linear
regression analysis can be seen in Table 10.

Table 10
Simple Regression Analysis of Arithmetic Subtest and GPA in STEM
Students N = 179)

Criteria R R2 B t P

GPA1 0.259 0.067 0.008 3.565 <0.001
GPA2 0.297 0.088 0.011 4.131 <0.001
CGPA  0.293 0.086 0.009 4.080 <0.001

In Table 10, it can be seen that the arithmetic sub-
test had a significant influence on the first-semester GPA,
second-semester GPA, and first-year CGPA for students
majoring in STEM. The arithmetic subtest had a predic-
tive value that ranged from 6.7 to 8.8% for GPA. Seen in
table 11

Table 11 correlation between aptitude test scores and
GPA based on gender. This study found that the result-
ing correlation coefficient was so small that it was close
to zero. In addition, there are also some correlation coef-
ficients that have a negative sign. In the male participant
group, the correlation coefficients had negative values in
the subtests of reasoning, mechanical reasoning, and cler-
ical speed and accuracy. Among male participants, there
was no significant correlation between GPA and the arith-
metic subtest, although the correlation coefficients were
the highest among the subtests. In the female partici-
pant group, only the arithmetic subtest had a significant
correlation with GPA.

The researchers then conducted a simple linear regres-
sion analysis to determine the effectiveness of the arith-
metic subtest in predicting academic achievement in fe-
male students majoring in STEM. The results of the sim-
ple linear regression analysis can be seen in Table 12.

Based on Table 12, it can be seen that the arithmetic
subtest had a significant influence on the first-semester
GPA, second-semester GPA, and first-year CGPA in fe-
male students studying STEM at the university level.
The arithmetic subtest accounted for 10-13% of female
students’ GPA, while the rest was determined by other
variables.

Discussion

This study aimed to determine the predictive power of
aptitude tests on the academic achievement of students
majoring in STEM. The aptitude tests examined in this
study have been used by practitioners and researchers to
provide recommendations for students who want to con-
tinue to pursue higher degree education, particularly in
science and technology programs. The STEM programs
are known to attract many applicants. Therefore, under-
standing the predictive power of aptitude tests is crucial
to identifying the abilities that determine students’ suc-
cess in these programs.

Predictive power is tested by correlating predictors
and criteria to obtain predictive validity coefficients. The
correlation coefficient obtained from the analysis shows
the relationship between predictors (i.e., aptitude tests)
and criteria (i.e., student achievement index). A rel-
atively small correlation coefficient indicates a small
size group and low diversity (Azwar, 1996; Furr, 2022;
Kurpius & Stafford, 2006). If the group data has a simi-
lar variance, albeit small, the scatter plot will show dense
data points in one part of the line. It impacts the low
correlation coefficient (Allen & Yen, 1979).

The present study found that only the arithmetic sub-
test had a correlation of more than 0.30 with GPA in the
female group, with predictive power of 10-13%. Other
subtests did not have satisfactory predictive power as
they did not meet the established criterion of 0.3, for
both male and female participants. The guidelines by
the US Department of Labor, Employment Training, and
Administration for interpreting correlation coefficients in
predictive validity studies, cited by Emery (Azwar, 2016),
state that a validity coefficient smaller than 0.30 is less
satisfactory and means that the test in question cannot
be valid.

The arithmetic subtest can validly and significantly
predict performance in women but not in men. This re-
sult contrasts Nurkhafifah et al. (2020) finding that gen-
der did not significantly affect numerical ability. Addi-
tionally, a literature review by Spelke (2005) stated that
male students showed greater variability in the quantita-
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Table 11

Correlation Analysis FACT Comprehension and DAT Subtests with GPA by Gender

Criteria  Gender N Predictor
Al A3 A5 B3 c4 D4
GPA 1 Male 68 0.147 -0.065 0.155 0.042 -0.077 -0.113
Female 111 0.115 0.005 0.320a 0.130 0.140 -0.110
GPA 2 Male 68 0.107 -0.061 0.144 0.131 0.010 -0.034
Female 111 0.062 0.034 0.359a 0.024 0.078 -0.136
CGPA Male 68 0.132 -0.064 0.154 0.090 -0.034 -0.151
Female 111 0.090 0.022 0.364a 0.074 0.112 -0.133
2p<0.001
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Table 12
Simple Regression Analysis of Arithmetic Subtest in Female STEM
Students (N = 111)

Criteria R R? B t p

GPA'1 0320 0.103 0.009 3.530 <0.001
GPA2 0359 0.129 0.014 4.021 <0.001
CGPA 0364 0.133 0.012 4.087 <0.001

tive subtest of the SAT exam. However, men and women
are comparable when it comes to advanced mathemat-
ics in college. This finding is also consistent with this
study’s data, which shows that the variance in the arith-
metic subtest is greater among male participants than
female participants, even though arithmetic ability had a
greater influence on female students’ GPA.

IEA (2007), Indonesian women had higher average al-
gebra scores than men. A study on higher order think-
ing skills (HOTS) in mathematics found that women per-
formed better in evaluation and analysis, while men were
better at creativity (Anggraini et al., 2019). Women also
surpass men in certain arithmetic skills, such as complex
multiplication, simple subtraction, number comparison,
and number sequences (Wei et al., 2012). The arithmetic
subtest on the DAT test measures numerical ability, or
the ability to understand and use numerical relationships
to perform various computational operations quickly and
correctly. Numerical evaluation and numerical analysis
are needed to excel in this subtest. Therefore, this sub-
test has a greater influence on women than men.

The arithmetic subtest measures an individual’s un-
derstanding of numerical concepts. This finding aligns
with Layton and Swanson (1958), who found that the nu-
merical ability subtest has a significant effect on academic
achievement than other subtests. The numerical ability
subtest can also predict performance in fields of study
where quantitative thinking is needed, e.g., mathematics,
physics, chemistry, engineering, and other areas (Bennet
et al., 1952). A study by Dudung et al. (2019) found
that numerical ability influences 57.8% of the academic
achievement of students in the mechanical engineering de-
partment who took the computerized numerical control
(CNC) course. This course contains many elements of
numerical reasoning, such as mathematics and calculus.

In the first year of college, students in the STEM

programs take many basic science courses, such as basic
physics, basic mathematics, and basic chemistry. These
courses require the understanding of arithmetic concepts,
making the arithmetic subtest a good predictor of stu-
dents’ academic achievement in these study programs.
Numerical aptitude is one of the strongest predictors of
student performance in subjects that require arithmetic
skills, such as mathematics (Nozaleda, 2019). Numeri-
cal aptitude also has a higher predictive capacity for aca-
demic performance than verbal aptitude, spatial orien-
tation, auditory memory, visuomotor skills, and reading
and writing maturity (Navarro-Soria et al., 2021).

A longitudinal study by (Vera & Cortes, 2021) stated
that the strongest predictor of academic performance was
past academic performance, followed by numerical apti-
tude, verbal aptitude, abstract reasoning, and, emotional
self-regulation. The findings in this study align with pre-
vious findings, showing that the arithmetic subtest, which
measures numerical ability, had the highest correlation
coefficient with the academic performance of STEM stu-
dents compared to other aptitude subtests. Setiawati
(2020) also found that the clerical speed and accuracy
subtest had low predictive power on the student achieve-
ment.

The reasoning subtest measures the ability to recog-
nize patterns in abstract images, while the clerical speed
and accuracy subtest measures the speed of an individ-
ual’s response to simple perceptual tasks (Bennett et al.,
1948). In the first year of the science and technology
study program, the courses taught are mostly theoretical
instead of practical. Meanwhile, the abilities measured by
the reasoning subtest and the clerical speed and accuracy
subtest are more relevant in activities that require prac-
tical skills, which are often needed in workshop classes.

The criteria used in this study were limited to the first
year of college, so the resulting predictive power was not
very strong. It is possible that these subtests can pro-
vide good predictive power in workshop classes, which
are mostly taken in the second and third years. An in-
teresting finding from this study is that the correlation
between the clerical speed and accuracy subtest and GPA
in both male and female participants had negative coef-
ficients. In predictive validity research, negative correla-
tion coefficients cannot determine whether a predictor is
valid or not (Azwar & Ancok, 2008). In other words, the
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clerical speed and accuracy subtest cannot be used as a
predictor of academic performance for STEM students.

The only “speed test” in this study was the clerical
speed and accuracy subtest, where the time limit for com-
pletion greatly influences the final score of the testee. The
faster the participant could complete a task, the better
their work performance would be. Tests that use speed
to determine performance have been found to have poor
predictive validity (Dodonova & Dodonov, 2013). The
time limit on tests that measure cognitive performance is
less predictive because there are many irrelevant factors
in play, such as the administration method (paper-and-
pencil or computer-based) and testee behavior (item skip-
ping or random responses) (Lu & Sireci, 2007). Gerns-
bacher et al. (2020) stated that aptitude tests with time
limits have several shortcomings: they are less valid, less
reliable, less inclusive, and less fair because of individual
differences. Therefore, this type of test cannot be used
to measure aptitude.

Another interesting finding in the study is that female
participants recorded a positive correlation between the
reasoning subtest and GPA, while male participants did
not. The reasoning subtest measures abstract reasoning,
which assesses the ability to understand relationships in
abstract images and principles of nonverbal designs (Ben-
net et al., 1952). Abstract reasoning requires significant
critical thinking skills. A study conducted by Mawad-
dah et al. (2018) found that women excel in more critical
thinking skill indicators, namely analytical and evalua-
tion (Anggraini et al., 2019), which also make women
better at understanding relationships in abstract image
patterns, as measured by the DAT reasoning subtest.

In this study, although the correlation between the
reasoning subtest and academic achievement in female
students was higher than in male students, the reason-
ing subtest coefficient was not yet significant enough to
predict academic achievement. Other subtests besides
the arithmetic subtest also cannot be good predictors of
academic achievement due to their low correlation coef-
ficients. This might be because many factors influence
students’ academic achievement. Academic achievement
is not only influenced by cognitive factors measured by ap-
titude tests, but also by other factors, such as academic
motivation, academic support, parent-child relationships,
demographics, family structure, educational values, aca-
demic expectations from parents, and personal variables
(e.g., emotional and social conditions) (Erawati, 2015).
Aptitude included in cognitive abilities is a strong factor
in predicting academic achievement, but its contribution
is less than 20% (Downey et al., 2013). Good academic
performance is also influenced by self-management, emo-
tional management, high awareness, and low extraversion
(Downey et al., 2013). Curiosity in science, high self-
awareness, socioeconomic status, learning style, and self-
confidence also affect academic achievement at the same
level as the cognitive domain (Von Stumm et al., 2011).

This low predictive power can also be attributed to
the age of the test instrument. The aptitude tests used
as predictors in this study were the FACT and DAT tests,
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which were adapted around the 1980s from the versions
developed by Flanagan and Bennett et al. around the
1950s. Thus, the gap between the aptitude test adap-
tation with this study was about 40 years old. In this
40-year span, there has been no significant revision to
the aptitude test used.

According to the Standards for Educational and Psy-
chological Testing, revisions or amendments are needed
when new research data or new testing conditions for use
and interpretation indicate that the test is no longer op-
timal. Revisions or amendments are also needed when
the test may not fit some of its intended uses, such as
when the content or language used in the test has be-
come outdated. Such conditions can affect the validity
of interpreting test scores (AERA and APA and NCME,
2014).

In the FACT and DAT subtests, many words used
are no longer commonly understood by test participants.
This can impact their understanding of the test instruc-
tions and affect the validity of the test results. This
finding can provide insights into the psychological instru-
ments in Indonesia, especially aptitude assessments, indi-
cating the urgency to evaluate and revise existing instru-
ments.

This study also found that the predictive validity coef-
ficient of aptitude tests tends to decrease each semester in
all subtests. This can be attributed to the fact that the
time interval for collecting predictor and criterion data
greatly affects predictive validity (Siswanto, 2014). The
first semester had a closer time gap with the FACT and
DAT tests, so the tests had a higher predictive power
for the first semester GPA compared to the GPA of the
following semesters, which had a greater time gap from
the predictor (Fenster et al., 2001; Sternberg & Williams,
1997). Additionally, the courses in the first semester tend
to be less difficult. The easier a subject is to study, the
more conventional memory and analysis are used, as mea-
sured by aptitude tests (Sternberg & Williams, 1997).

The low correlation coefficient seen in this study might
also be due to the selection of instruments to measure
the criterion variables or academic achievement. In this
study, the instruments used as criteria are the grade point
semester (GPS) or GPA per semester and the CGPA for
the first year. The achievement index is obtained by cal-
culating the scores of the courses that had been taken by
students and the credit weight of the courses taken in one
semester. This makes it possible for different students to
have the same GPA but with different compositions and
numbers of subjects. Differences in the methods and as-
sessment standards the lecturers applied and the difficulty
level of each course can also lower the predictive validity
coefficient (Ramist et al., 1994). The value of courses in
higher education is influenced not only by the students
but also by the lecturers teaching different courses, even
within the same faculty and university (Tierney, 2017).

The initial analysis conducted in this study showed
that the correlation between the aptitude test and the
GPA of STEM students was low and unsatisfactory. How-
ever, after correcting for the effect of distribution restric-
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tions on the criterion variables, there was an increase in
the correlation coefficient. This increase indicates that
the criterion (GPA) data was homogeneous, which played
a role in the low correlation coefficient. The GPA of sci-
ence and technology students was likely homogeneous be-
cause the data was obtained from students at UGM, fol-
lowing UGM’s rules for evaluating academic performance.
Therefore, it did not represent heterogeneous data.

After correcting for the effect of distribution restric-
tions, only the arithmetic subtest had a satisfactory cor-
relation coefficient. This might be because the language
used in the aptitude test is not often used by participants,
and the theoretical courses in the first year of science and
technology study programs require quantitative skills but
not practical skills, unlike the second or third year of uni-
versity which involves more practical classes.

The limitation of this study is that this study only
used the students’ GPA in the first year, where they
mostly took theoretical courses. Thus, this study could
not determine the predictive power of aptitude tests for
courses that require a lot of practical skills. In addition,
this study was only tested on participants who were stu-
dents of STEM programs at UGM, meaning that the aca-
demic assessment was done following the university’s spe-
cific policy, so it could not produce more diverse criteria
data. This study only focused on predictive validity so
that it could only determine whether aptitude tests could
be predictors of learning success in STEM majors. This
research did not examine the effect size of aptitude test
performance in learning success in STEM programs.

Conclusion

This study examined the predictive power of aptitude
tests on the academic achievement of STEM students.
Research on predictive power examines the correlation
of a predictor to a criterion, where data is taken with a
certain distance of time after the predictor data is taken.
This study used the aptitude test as a predictor and the
GPA of first-year STEM students so that there was a one
to two years gap between the intake of predictor and cri-
terion data. The predictive power is shown by the corre-
lation coeflicient between the aptitude test as a predictor
and the GPA of students in the STEM programs as a
criterion.

The results in this study showed that only the arith-
metic subtest had a satisfactory correlation coefficient to
be used as a predictor of academic achievement of female
students in science study programs. This could be caused
by the relevance of the language used in the aptitude test
to the research participants, the difference in the realm of
cognitive aptitude between men and women, the content
of science courses that require a lot of numerical ability,
and not many courses in the field of science that require
a lot of practical skills in the first year.

Recommendation
Aptitude tests, especially the FACT and DAT compre-
hension subtests, can be used as part of the assessment
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in the field of educational psychology. However, this apti-
tude test must be accompanied by other assessment tools,
such as report cards and intelligence test results, to sup-
port professional decision making in recommending study
programs. Psychologists can also look at the arithmetic
subtest of the DAT test to recommend courses related
to the sciences and technology. If the client is already
aware of their desire to pursue a STEM-related course,
the psychologist can give the DAT arithmetic subtest to
the client. This can reduce the resources that must be
expended during the assessment process so that the po-
tential for client fatigue can be minimized.

Future researchers are expected to further examine
the predictive power of aptitude tests on other study pro-
grams to see differences in predictive power between sub-
tests on other study programs. In addition, future re-
searchers can add criteria data, e.g., GPA in the subse-
quent study years or students from other universities, to
see the predictive power of aptitude tests for the entire
learning time in college programs.
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