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Development and Validation of a Working Memory Capacity Test for High 

School Students 

The aim of this study is to develop a working memory capacity (WM) test as one of the 

subtests for the new intelligence test (TISS, or Tes Inteligensi Siswa SMA). The WM test 

would be used as a reference in consideration of selecting a specialization for high school 

students in Indonesia. The construction of the WM test is based on the Cattell-Horn-

Carroll (CHC) theory, which is the most comprehensive and contemporary theory of 

intelligence. The testing of the WM test was conducted on 97 first-year high school 

students in the Jakarta region, including students from natural science and social science 

specializations. Based on the item analyses, the WM test had good items with a varying 

item difficulty and good item discrimination. Reliability testing using the Cronbach 

Alpha method showed that the WM test had a good internal consistency. Validity testing 

using correlations with other test methods showed that WM test was a valid test for 

measuring working memory capacity. Based on the results, the WM test is a promising 

new test in Indonesia for measuring one type of intelligence: that is, working memory 

capacity based on the CHC theory. 

Keywords: CHC theory of intelligence, high school, intelligence test, working memory 

capacity 

 

Introduction 

The major in SMA/MA, currently known as specialization, is one of the determinants for 

students’ careers, since the selected specialization becomes a stepping stone for the direction 

students will take in further study and in their future careers. Generally, students’ specialization 

in high school influences their major or faculty that they will pursue in university. Therefore, 

specialization in high school is an important decision that must be made carefully. Selecting a 

misplaced specialization in high school can cause difficulties if followed through to studying in 

college. Specialization also provides students with the opportunity to determine the skills they 

want to improve on in certain subjects based on their basic capabilities, including intelligence, 

talent, interests, and choices (Kementerian Pendidikan dan Kebudayaan, 2013). 

 

Ideally, the selection process for specialization is completed by considering several factors, 

including academic and non-academic achievements. These include report cards, the national 

exam (UN), student interest, and student ability (Kementerian Pendidikan dan Kebudayaan, 

2013). Evaluation of student ability can be assessed through psychological tests. However, the 

selection of specialization is usually only based on the student report cards and student request 

(Widowati, 2015). Both of these aspects do not sufficiently represent student interests, talents, 

and abilities. The report card is determined by teacher or school using different standards at each 

school. In addition, using of the report card for the basis of specialization is inappropriate 

because report cards include reference to the complete learning system applied to all schools, so 

it includes reporting on remedial learning (Direktorat Pembinaan SMA, 2010). Remedial results 

listed on a student’s report card obviously cannot be claimed as the students’ true abilities. 

 

Student specialization should rely on results of actual student abilities. Therefore, objective 
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reports on students’ ability were not only based on student reports. The use of psychological 

tests; namely, intelligence tests was one good alternative for getting a more detailed description 

of student ability. The intelligence test is one of the commonly used tests for evaluating learning 

development and making decisions related to educational placement (Friedenberg, 1995). 

Intelligence can be said to be a clue about students’ learning potential, so the results of the 

intelligence test can be used to refer students into suitable specializations. In addition, decision-

making on the specialization selection would be more accurate if taking student intelligence into 

consideration. This is intended so that students proceed through the learning process without 

barriers and obtain at least a satisfactory achievement (Rufaidah, 2015). 

 

Since 1905, the intelligence test has been widely developed, and it contributed to the emergence 

of intelligence tests from many other experts (Cohen, Sturman & Swerdlik, 2013). The 

development of other intelligence tests was based on several rationales from different 

intelligence theories. Broadly, there were two basic ideas about the theory of intelligence. One 

theory believes that intelligence consists of a single capacity, while others believe that 

intelligence consists of many abilities (Pal, Pal, & Tourani, 2004). The theory of contemporary 

intelligence that has maintained the strongest and most significant influence on the measurement 

of human intelligence these days is the Cattel-Horn-Carroll (CHC) theory (Flanagan & Harrison, 

2005). The CHC theory was known as an influential theory because it is the most comprehensive 

one; it is supported by psychometric theory as it relates to cognitive structure and empirical 

academic ability. The CHC theory was supported by empirical data (Flanagan & Harrison, 

2005). In addition, CHC theory is comprehensive, summarizing and integrating human cognitive 

abilities (McGrew, 2005). CHC theory also provided the basis for the formation of many other 

intelligence tests developed today, both new and revised from earlier versions (Flanagan & 

Harrison, 2005; Dehn, 2008). Therefore, CHC theory was summarized as the basis for 

measurement of human intelligence capability (Schneider & McGrew, 2012).  

 

Many intelligence tests have been developed abroad based on CHC theory, including WJ-R 

(Woodcock Johnson-Revised) and WPPSI-III (Wechsler Preschool and Primary Scale of 

Intelligence-III). In Indonesia, the development of intelligence tests based on CHC theory is still 

limited. The current study is being conducted to develop one subtest of the new intelligence test 

based on CHC theory that will be used for the purpose of selecting a specialization in high 

school. The development of this intelligence test will consist of measuring several abilities that 

are required for high school learning and will be associated with Broad ability and Narrow 

ability as they are known in CHC theory (Flanagan & Dixon, 2013). 

 

One broad ability in CHC theory that is relevant to learning needs in high school is short-term 

working memory (Gwm). Gwm describes the ability to receive and process information; most of 

the skills required in SMA require good information processing. There are three narrow abilities 

in Gwm: memory span, working memory capacity, and attention control (Flanagan & Dixon, 

2013). However, one narrow ability with an important role that is required in the student learning 

process is working memory capacity. Working memory capacity is an important aspect because 

information processing involves the capability of accessing working memory (Dhen, 2008). 

Working memory is a dynamic memory storage system, functioning to manipulate and retain 

new incoming information (McGrew, 2005). The learning process in individuals is highly 

dependent on working memory (Dhen, 2008). Everything one learns and remembers uses 
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working memory to do so (Davis, 2011). In addition, working memory affects classroom 

performance in specific subjects, such as reading comprehension and math (Dhen, as cited in 

Davis, 2011). Working memory is also a good predictor of national assessment results in 

English, mathematics and science subjects (Tariq & Noor, 2012). Therefore, working memory is 

recognized as having a strong relationship with academic learning and higher level cognitive 

function (Dehn, 2008). Working memory is also a predictor of individual academic performance 

(La lopa & Holich, 2014). Thus, we can conclude that working memory is important for high 

school students to possess, and that its use will be required during the learning process. The 

measurement of working memory capacity during the specialization process could be the 

predictor of students’ success in the interest that he will choose to pursue. Therefore, the 

measurement of working memory to assist students in determining their specialization is very 

important and should be taken into account. 

 

In the current study, we developed a working memory capacity (WM) test as one of the subtests 

for the new intelligence tests developed based on CHC theory, which are called TISS, or Tes 

Inteligensi Siswa SMA. The development of the TISS and WM tests should be able to trace high 

school students talent and used for selection specialization in high school students. Working 

memory can also be measured using two types of information: verbal and nonverbal 

(visuospatial) (Diamond, as cited in Filgueiras, 2016). In this study, the WM test will be 

administered in visual form with nonverbal responses and administered in groups. This form was 

chosen to meet the needs of the test purpose in the school setting. 

 

To ensure that the WM test meets the requirements of a good psychological measurement tool, 

psychometric testing will be performed through reliability testing, validity testing, and item 

analysis. Reliability testing was conducted to ensure that the WM test is a reliable test in the 

sense of having good internal consistency. Validity testing was conducted to ensure that the WM 

test is a valid test for measuring the memory construct. Finally, item analysis was conducted to 

ensure that the WM test has varying degrees of difficulty and a good discriminating index to be 

able to distinguish individuals with high and low levels of WM ability.  

 

Methods 

Participants  

The participants of this study were 97 high school students of class X in Jakarta, Bogor, Depok, 

and Tangerang (Jabodetabek) areas. The samples were taken from the leading and non-superior 

school category in Jabodetabek. Participants came from natural science and social science 

specializations. The ages of participants ranged between 15 and 16 years (M = 15.75, SD = 

0.43). The proportion of male and female participants was quite balanced. In addition, most of 

the participants were from the natural science specialization (64.6%). The sampling method used 

was non-probability sampling or convenience sampling. 

 

Measures 
The WM test is categorized as a maximum performance test, administered in groups, and in 

paper and pencil. Based on the time limit, the WM test is categorized as a timed-power test. The 

WM test consists of three indicators that showed to what extent students were able to maintain 
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attention on the provided stimulus, ignore distractions, not be disturbed by any interference, and 

able to recall information stored in secondary memory. Based on these indicators, the final items 

in the WM test would be up to 15 items and 25 items decided at the pooling items stage. Each 

item consisted of a stimulus in the form of numbers and words. Participants were asked to 

arrange the stimulus starting with the smallest array of numbers and then the words in 

alphabetical order. The degree of difficulty in the WM test was determined by the number of 

stimuli and syllables in each item and the initial letter on the word stimulus in each item. Time 

limits were differentiated by two stages: the presentation of the item and recall of the item. The 

item presentation describes when the item was displayed in sequence to the participants. The 

recall item was the stage in which participants remembered the stimulus and wrote it on the 

answer sheet. The time limit for the item presentation was determined by the amount of stimulus 

within each item. 

 

The scoring technique used in the WM test was to provide a score for each item that was 

successfully remembered and written down by participants. Each item would be scored 1 for all 

stimulus numbers and words properly written and score 0 for stimulus numbers and words that 

were not written down successfully. The total score earned by the test taker was the total number 

of item scores that were answered correctly. The range of scores obtained by test participants in 

the WM tests ranged from 0 to 15. The final scores showed that the higher the score obtained, the 

higher the capability of the individual’s working memory. 

  

Procedure 

The process for developing the WM test included item pooling, expert judgment, readability, and 

try-out. Expert judgment was performed to ensure that all of the items represented the indicator 

and met the criteria of good items. Based on the expert judgment, some revisions were made to 

the item content, especially on the word stimulus used. After that, we also conducted a 

readability process with some high school students in the Jabodetabek area to ensure that items 

were understood and to determine the time limit for the WM test. Then, the try-out test was 

conducted with 83 participants at three schools in the Jabodetabek area. The results showed that 

the WM test had a good internal consistency to measure a construct. In addition, most of the 

items in the WM test were classified as easy items and were still not distributed in accordance 

with the item difficulty. The analysis of the item discrimination showed that most of the items on 

the WM test had good item discrimination. Some revisions were made to the WM item test 

before we conducted a field testing.  

 

Data Analysis  

The quantitative item analysis was conducted by analyzing the item difficulty level (p) and item 

discrimination with the corrected total correlation (crIT) method. The best discriminating item 

was the item with crIT ≥0.3 (Nunnally& Bernstein, 1994). Reliability testing of the WM will be 

conducted using the Cronbach Alpha method. Reliability coefficients that are considered good 

are equal to 0.70–0.80 (Kaplan and Saccuzzo, 2013). In addition, the Standard Error of 

Measurement (SEM) will be calculated to find out how far the obtained score deviated from the 

true score. Furthermore, a construct validity testing for WM tests would be conducted by using 

correlation with other test methods. The WM test would be correlated with IST (Intelligenz 

Structure Test) as the criterion.  
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Results  

Table 1 displays the description of working memory capacity in the WM test. 

Table 1 

Description of Working Memory Capacity 
Descriptive  

Minimum Score 5 

Maximum Score 25 

Mean 17.44 

Standard Deviation 4.79 

Time limit of item presentation  

Easy items 5” 

Moderate items 7” 

Difficult items 10” 

Time limit of item recall  

Easy items 10” 

Moderate items 20” 

Difficult items 25” 

Note: Σitem=25; N=96 
 

The result showed that the WM test was classified as an easy test (M = 17.44, SD = 4.79). The 

average value obtained indicated that about 70% of participants were able to answer the items 

correctly in the WM test. In addition, the time limit for item presentation and the time limit of 

item recall in the specified WM test represented optimum time limits. From observations made 

during the test, almost all participants were able to complete each item in the WM test within the 

given time limit. Seventy-five percent of participants completed all the items within the time 

limit.  

 

The reliability testing for the WM test showed a reliability coefficient of α= 0.844. This result 

indicates that the WM test had a good internal consistency for measuring a particular construct. 

The reliability coefficient of 0.844 indicates that the 84.4% variance of the observed score was 

the true score variance, and 15.6% was the error variance derived from the content sampling and 

content heterogeneity errors. Furthermore, the SEM value of the WM test was obtained at 1.86. 

The magnitude of the SEM value shows the average index of the number of measurement errors 

in the test score. 

 

Validity testing of the WM test using the IST test subtest ME as criteria yield a Pearson 

correlation index of r = 0.281, n = 97, p < 0.05. Thus it can be stated that the WM test was valid 

for measuring the working memory capacity construct because it correlated significantly with 

IST test subtest ME which also measured the memory construct. There was a 7.9% shared 

variance between the WM test and the IST test. 

 

Item difficulty analysis for the WM test showed that most of the items were categorized as easy 

items. Based on the test results, several items were not in accordance with the item specification. 

The final test should have consisted of seven easy items (numbers 1–7), 11 moderate items 

(numbers 8–18), and seven difficult items (numbers 19–25). Unfortunately, the results showed 

that most of the items fell into the easy category. 

 

Analysis of the item discrimination index for the WM test indicated that most items in the WM 

test had a good discriminatory power. There were19 items (76%) that already had values of crIT> 
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0.3. However, the low discriminating power of these items was related to their difficulty level. 

Item that had a crIT value below 0.3 were relatively easy items. For those items, most participants 

were able to answer them, so the items will not have a good discriminating power. It can be 

concluded that poor discrimination items were related to their level of difficulty. 

 

Furthermore, an integrative analysis was conducted to select the final items to meet the item 

specification on the WM test. The criteria used in selecting the items were qualitative and 

quantitative item analysis. Qualitative item analysis was based on the content and form of the 

item, while the quantitative item analysis was based on item difficulty (p) and item 

discrimination (crIT). Based on integrative item analysis, we selected the 15 best items for the 

WM test. Of the selected items, eight met the criteria for a good item, with seven items that 

should still be revised. Item revision in item content was needed primarily to increase the level of 

item difficulty. 

 

After we selected the 15 items, a re-calculation of reliability and validity testing was conducted. 

Reliability test using Cronbach Alpha returned an increasing reliability coefficient of the WM 

test to 0.794. Furthermore, validity testing of the WM test also showed an increasing correlation 

coefficient with IST test subtest ME (r = 0.303, n =97, p< 0.05). Thus, it can be concluded that 

the WM test had a good internal consistency for measuring a particular construct and validity for 

measuring the working memory capacity construct. 

 

Discussion 

The current study aimed to develop and validate a new subtest of intelligence test, called the WM 

test, to assist in making recommendations for high school student specialization selection. The 

result showed that the WM test is a promising subtest in measuring working memory, which is 

needed to learn successfully in the high school setting.  

 

The field testing showed that the WM test was classified as an easy test. This may have been 

related to the sample characteristic and the item content. The sample used in the WM test came 

from the Jakarta area with a good learning quality. Thus, it was assumed that most of the 

participants in this study had a good working memory capacity, so that affected the degree of 

difficulty in the WM test. In terms of item content, the difficulty of the WM test was made based 

on the length of the items list. However, based on the tests performed it, it did not seem to affect 

the level of difficulty of the WM tests. The result showed that the difference in a difficult and 

easy item lies in the use of words that are encountered often in everyday life. Thus, it can be 

concluded that there is an influence of familiarity on the item difficulty level. Moreover, concrete 

and abstract words also affected the item difficulty; students recalled concrete words more easily 

than abstract words (Yui, Ng & A, 2017). Thus, it is necessary to consider word familiarity as 

well as the use of abstract words when creating the degree of difficulty for a WM test. 

 

In addition, the degree of item difficulty was also influenced by the variation of the numbers 

used. In this study, we only used numbers 1–11, and for moderate items, only number 8–11. This 

meant that the number variations were smaller, so there were items with the same number that 

made it easier for the individual to remember the stimuli. Therefore, scrambling the numbers 

used should be considered, as well as involving numbers 1–20 randomly without taking the 
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number of syllables in the numbers into account. In addition, in relation to the distraction of 

assigned tasks, recalling items as related to alphabetic and numerical arrangements was an 

integral process of task and stimulus provided. Therefore, the distraction could be not effective 

because it was part of the information processing. Creating a distraction task for the WM test that 

is not part of the information processing on the main task is needed, such as performing a 

countdown operation before the item for recall is provided (Cowan, 2010). From this result, we 

also found that both the time limit for item presentation and item recall were optimum for the 

WM test. Our observations during the test showed that almost all test takers were able to 

complete the WM test within a specified time limit. 

 

Based on the results of the reliability test using the Cronbach Alpha method, the WM test had a 

good internal consistency. However, the purpose of the WM test was to provide 

recommendations to high school students for determining the most suitable specialization for 

each student based on his/her ability. For purpose of the test, we needed a higher reliability 

coefficient (Little & Akin-little, 2014). Thus, it was necessary to improve the WM test reliability. 

Reliability of the WM test could be enhanced through the use of more heterogeneous samples 

drawn from multiple regions and more diverse schools to get a more varied distribution of 

students’ ability.  

 

Based on the result of validity test, we found that the WM test was valid for measuring working 

memory because it correlated significantly with the IST test, which measures the same construct. 

The relatively low degree of correlation between the WM test and the ME subtest could be due to 

the type of memory measured by both tests. Although both tests measured the same construct 

(memory), the types of memory measured were different. The WM test measured working 

memory, whereas the ME subtests measured long-term memory, which is related to verbal 

memory. Thus, the correlation index obtained was not very high. 

 

Item analysis on the WM test showed that there weresome items that needed to be revised. The 

revision were needed to increase the item difficulty level, because the WM test still did not have 

the appropriate proportion in terms of its level of item difficulty. Most of the items were easy 

items that can lead to a low discriminating power, because it could be answered by all 

participants. The degree of item difficulty was also influenced by the capability of the samples 

used in the WM test. 

 

Furthermore, an important factor affecting the overall test results was related to the process of 

item presentation. The items on the WM test were presented visually by displaying a number of 

simultaneous stimuli. The process of remembering the working memory began by including 

visual information through the visuospatial sketchpad role: first remembering, then processing 

the information in the working memory (Cowan, 2010). The process that occurred in the WM test 

was by preparing item stimulus. However, the presentation of a WM test item by displaying all 

the item stimuli in the same time could actually make the stimulus process possible immediately 

or at least before entering information to remember. This is because the individual could see the 

whole stimulus in the item. With the instructions delivered in the beginning to arrange the item, 

the individual had a tendency to enter the information with the correct stimulus arrangement. It 

certainly affected the overall working memory task and was not in accordance with the process 

of remembering the information referred to in the WM test. Therefore, it was necessary to change 

42

Advances in Social Science, Education and Humanities Research (ASSEHR), volume 135



 

 

the item presentation in the WM test. Changes in the item presentation can be done by displaying 

the stimulus on the WM test items one at a time. Thus, the individual would not see all the 

stimuli on the item and could not perform the stimulus at the same time. The process of 

information processing could only be done if each item was displayed and then remembered by 

the individual. 

 

Based on psychometric tests that were conducted on the WM test, it can be concluded that the 

WM test was a reliable test, which means it had a good internal consistency for measuring a 

particular construct. Furthermore, the WM test was valid for measuring the working memory 

capacity construct because it correlated significantly with the IST test subtest ME, which also 

measures the memory construct. Based on the analysis of the degree of item difficulty, it can be 

concluded that most of the items in the WM test were found to be relatively easy. This is still not 

in accordance with the degree of difficulty levels that should consist of a combination of easy, 

moderate, and difficult items. Based on the analysis of item discrimination using the corrected-

item total correlation (crIT) method, it can be concluded that most of the items in the WM test 

already had good differentiation. This meant that item was able to distinguish between students 

with high and low working memory capacity. 

 

This study had some limitations. First, there were a number of suggestions for advanced research 

to improve the quality of the WM tests. Some items should be revised and retested with a larger 

sample, as well as considering the quality of the SMA to obtain heterogeneous samples. Then, 

re-testing of the reliability, validity, and analysis of items would be needed. Furthermore, norms 

could be compiled with the higher number of samples so that norms would produce a 

representative samples of high school students in Indonesia. In addition, other validity testing 

methods such as convergent and discriminant methods, factor analysis, and criterion validity 

testing by using academic achievement as criteria were required. In conclusion, the quality of the 

WM tests could be improved to incorporate better psychometric properties. 
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