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ABSTRACT

This study aims to describe the quality of  the items on the instrument for measuring technological literacy in 
terms of  validity, reliability, level of  difficulty, and discrimination. This research used a descriptive quantitative 
approach with a construction and validation design. Data was collected through a test with 15 multiple-choice 
questions and a questionnaire with 40 questions. The test was conducted on 30 6th-semester physics students in 
the integrated science course. Data were analyzed by describing data processing results using the Rasch Model 
with Winsteps software. This research shows that the instrument to measure technological literacy has seven valid 
and six invalid questions regarding knowledge. Regarding attitude, 36 questions are valid, and four questions are 
invalid. The item reliability value for the knowledge is 0.93 in the very good category. For attitude, it is 0.98 in the 
excellent category. It shows that the questionnaire items are reliable. In terms of  the level of  difficulty, there are 
two easy, five medium, five difficult, and three highly difficult items for knowledge questions. Only students with 
high abilities can answer in the highly difficult question category. There are seven easy, 14 medium, nine difficult, 
and ten highly difficult items for attitude questions. It is concluded that these technological literacy test items are 
suitable for assessment and can contribute to measuring technological literacy, which has not been done much.
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INTRODUCTION

	 Excellent education cannot be separated 
from implementing teaching and learning activi-
ties with a good evaluation (Ferrando & Lorenzo-
Seva, 2018; Alfarisa & Purnama, 2019). Evaluati-
on is a data collection process that determines to 
what extent, in what terms, and how educational 
goals have been achieved (Arikunto, 2017; Keinä-
nen et al., 2018). Learning evaluation is critical 
because it describes success in realizing educa-
tional goals. Evaluation is also valuable for de-
cision-making. Evaluation includes measurement 
and assessment. Measurement is comparing so-

mething with one measure, while assessment is 
deciding whether something is good or bad using 
a measure. Assessment interprets measurement 
data based on specific criteria or rules (Widoyo-
ko, 2012). Assessment is a qualitative activity, 
while measuring is a quantitative activity.

	 Assessment is essential to learning (Rah-
mawati et al., 2023). Assessment is beneficial for 
students in seeing how far they have succeeded in 
following the learning process and can motivate 
them (Nahijah et al., 2018; Alfarisa & Purnama, 
2019; Azizah & Wahyuningsih, 2020). Meanwhi-
le, for teachers, assessment can provide an over-
view of  the progress of  students’ success, the ac-
curacy of  the material taught, and the methods *Correspondence Address
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used in learning. School evaluation results can be 
the basis for decision-making and policy-making 
and a benchmark for an educational unit’s quali-
ty (Purniasari et al., 2021). Students’ abilities are 
usually described by their total scores. If  students 
reach the minimum passing grade or exceed the 
average, they are considered to have high ability, 
and vice versa. However, this raw score cannot 
measure students’ achievements (Ayub et al., 
2020; Purniasari et al., 2021). Therefore, decisi-
ons based on students’ scores are not appropriate.

	 Teachers are the most responsible for 
evaluating learning in schools or education units. 
The role of  teachers or educators is not only to 
plan and implement learning but also to assess 
(Susanta & Susanto, 2021). The assessment re-
sults show the quality of  the learning. For this 
reason, teachers must have good skills in carrying 
out learning evaluations, planning, preparing as-
sessment instruments, analysis, and interpretati-
on. Teachers must also have skills in compiling 
good question items and analyzing them. A good 
assessment instrument must meet reliability crite-
ria. Reliability criteria include validity, reliability, 
level of  difficulty, and discrimination. An instru-
ment trial is carried out to test the reliability or 
quality of  the instrument. Test development and 
validation are crucial in assessment, the first and 
foremost process in evaluating educational mana-
gement (Ismail & Zubairi, 2021; Ferrando et al., 
2022).

	 Instrument trials are carried out inter-
nally and externally. An internal trial was con-
ducted with experts to determine the validity of  
content, construct, and grammar (Almanasreh 
et al., 2019; Widoyoko, 2012). Expert judgment 
is needed to consider whether the instrument’s 
structure and the scientific structure used in com-
piling the instrument are correct. To strengthen 
the validity of  the assessment instrument, an ex-
ternal trial, called a field trial, must be carried out 
(Arikunto, 2012). Field trials are carried out on 
subjects that are equivalent to the subjects that 
will be assessed. After the trial, it is necessary to 
analyze the results, including validity, reliabili-
ty, level of  difficulty, and discrimination of  the 
questions. Validity means the extent to which an 
assessment instrument carries out its assessment 
function accurately and reliably and the extent to 
which the test measures what it should measure 
(Sudaryono et al., 2013). Reliability is the extent 
to which the assessment results can be trusted. 
Several measurements on the same subject obtain 
relatively similar assessment results. The difficul-
ty level of  the assessment items shows the extent 
to which the subject accurately answers the ques-

tions. A good question is neither too difficult nor 
too easy. Meanwhile, discrimination shows the 
extent of  students’ abilities.

	 It is necessary to analyze the items for 
assessing learning outcomes to determine the 
validity, reliability, level of  difficulty, and discri-
mination of  the questions (Balsalobre-Fernández 
et al., 2016; Fuller et al., 2020). Items for asses-
sing learning outcomes from field trials can be 
analyzed using the classical method, Classical 
Test Theory (CTT), or the modern method, Item 
Response Theory (IRT). Classical test theory is 
based on observed scores, the sum of  the actu-
al and measurement error scores. The quality of  
the test items is determined by the level of  diffi-
culty and discrimination (Hardianti et al., 2021). 
However, the characteristics of  inconsistent test 
items depend on the students’ abilities (Erfan et 
al., 2020). Students’ abilities will appear low if  
the test questions are difficult, whereas if  the test 
questions are easy, students’ abilities will appear 
high. Weaknesses of  classical test theory include: 
1) the level of  difficulty and discrimination of  the 
questions depends on the test takers; 2) it analy-
zes by comparing the abilities of  test takers in the 
upper, middle, and lower groups; 3) the concept 
of  score reliability is defined in terms of  parallel 
tests; 4) Determining how students obtain tests 
according to their abilities does not have a sup-
porting theory; 5) Standard Error of  Measure-
ment (SEM) applies to all test takers (Alfarisa & 
Purnama, 2019).

	 The modern method is Item Response 
Theory (IRT), such as the Rasch Model (one-
parameter logistic model). The Rasch Model was 
first discovered by Dr. Georg Rasch, a mathema-
tician from Denmark, who was here to overcome 
the weaknesses of  the classical method. The Ras-
ch Model uses raw scores in different ways to 
produce measurement scales with equal intervals 
to provide accurate information about test takers 
and the quality of  the questions (Sumintono & 
Widhiarso, 2014). It can provide information re-
lated to test takers and the quality of  the questi-
ons they work on because it forms a measurement 
ratio with the same distance. It does not have 
discrimination and guess parameters. The level 
of  difficulty of  the items affects the performance 
of  a test, so the selection of  items in preparing the 
test affects the quality of  the test according to the 
needs and objectives of  the assessment. The Ras-
ch Model can predict missing data and produce 
appropriate statistical analysis in research.

	 This study aims to describe the quality 
of  the items on the instrument for measuring 
technological literacy in the aspects of  validity, 
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reliability, level of  difficulty, and discrimination, 
as well as the distribution of  students’ technologi-
cal literacy through modern methods using Item 
Response Theory (IRT), which is the Rasch mo-
del. This study analyzes test instruments measu-
ring technological literacy. Technological literacy 
is understanding, assessing, managing, and using 
technology (aher & Abtaria, 2017; Asrizal et al., 
2018). Technological literacy includes knowled-
ge, ability, critical thinking, and decision-making 
(Zainurrisalah et al., 2018). The following are 
taxonomy of  technological literacy: 1) Medical 
Technology, technology related to diagnosing, 
treating, and preventing disease and other da-
mage to the body or mind (Yan et al., 2018); 2) 
Agriculture and Related Biotechnology, techno-
logy related to the cultivation of  plants and ani-
mals for food, feed, fiber, fuel, or other purpo-
ses (Pfeifer et al., 2021), 3) Energy and Power 
Technology, technology related to the utilization 
of  energy resources and converting energy into 
power (Ahmadi et al., 2018); 4) Information and 
Communication Technology, technology which 
includes educational technology, developed to 
collect, manipulate, classify, store and retrieve 
information (Upadhayaya, 2023); 5) Transporta-
tion Technology, technological processes and sys-
tems in which people or goods are moved from 
one place to another (Wensveen, 2023); 6) Ma-
nufacturing Technology, technological processes 
and systems that convert materials into finished 
products (Diegel et al., 2019); 7) Construction 
Technology, technological processes, and systems 
related to the construction of  buildings, roads, 
embankments, and other structures (Asunda, 
2012). Someone with technological literacy will 
understand the nature of  technology, criticize it, 
and use it well to achieve goals in life (Raharjo 
et al., 2014). Good quality items are needed as a 
measurement instrument to measure technologi-
cal literacy accurately.

METHODS

	 This research used a descriptive quanti-
tative approach with a construction and valida-
tion design (Creswell & Poth, 2018) to analyze 
the difficulty level, validity, and reliability of  the 
test items and the level of  students’ abilities. The 
instrument for measuring technological literacy 
is based on knowledge, ability, critical thinking, 
and decision-making. Knowledge includes (1) 
recognizing the pervasiveness of  technology in 
everyday life, (2) understanding basic engineering 
concepts and terms, such as systems, constraints, 
and trade-offs, (3) being familiar with the nature 

and limitations of  the engineering design process, 
(4) knowing how technology has shaped human 
history and how humans have; (5) recognizing 
that all technology carries risks and only some 
can be anticipated, (6) appreciating that the deve-
lopment and use of  technology involve trade-offs 
and balancing costs and benefits; (6) understan-
ding that technology reflects the values and cultu-
re of  society. 

Critical thinking and decision-making in-
clude (1) asking questions about the benefits and 
risks of  technology, (2) systematically weighing 
available information about the benefits, risks, 
costs, and trade-offs of  technology, and (3) parti-
cipating, as necessary, in decisions about techno-
logy development and use. Ability includes: (1) 
having a variety of  hands-on skills, such as ope-
rating various home and office equipment and 
using a computer for word processing and surfing 
the internet, (2) identifying and repairing simple 
mechanical or technological problems at home or 
work, (3) applying basic mathematical concepts 
related to probability, scale, and estimation to 
make informed judgments about the risks and be-
nefits of  technology, (4) using the design-thinking 
process to solve problems faced in everyday life, 
(5) obtaining information about technological is-
sues of  concern from various sources (Garmire & 
Pearson, 2006).

	 Technological literacy is measured in 
five dimensions (Groth et al., 2007; Hohlfeld et 
al., 2010): 1) Technology Knowledge, including 
technological developments, the meaning and 
content of  technology, basic principles of  techno-
logy, essence, and scope of  technology (Willis 
et al., 2019); 2) Technology Application, inclu-
ding daily applications, technological knowledge 
applications, problem-solving, and evaluation; 
3) Technology Attitude, including an interest in 
technology products, honesty, initiative, objectivi-
ty, and the like; 4) Technology Estimation, inclu-
ding estimating technology, selecting appropriate 
technology, and assessing and evaluating techno-
logy products; 5) Technology Resources, inclu-
ding human resources, time, raw materials, ener-
gy, information, and costs (Yu-Te et al., 2014; 
Neumeyer et al., 2021).

The measurement of  students’ technologi-
cal literacy in this research includes knowledge, 
thinking, and attitude. Ability is not measured 
due to many limitations. Knowledge is measured 
with 15 multiple-choice questions, while attitude 
is measured by examining the technology litera-
cy profile through a 40-item questionnaire. After 
experts validated it, the instrument was imple-
mented to measure the technological literacy of  



S. Jumini, S. Madnasri, E. Cahyono, Y. M. Nadrah, 
H. Hamzah, F. Fatiatun/ JPII 13 (2) (2024) 209-218

212

UNSIQ Physics Education students. The samp-
ling technique is saturated, taking one class as the 
research subject. The research subjects in the field 
trial were 30 6th-semester physics students in in-
tegrated science courses. Data were analyzed by 
describing data processing results using the Rasch 
Model with Winsteps software.

RESULTS AND DISCUSSION

	 This research describes the quality of the 
questions in terms of validity, reliability, and level of  
difficulty according to the Rasch model. The validity 
measured in this research is content validity, which 

examines the questions’ material, construction, and 
language quality (Schaufeli et al., 2020; Jumini et al., 
2023). Content validity was measured using the CVR 
method, involving seven material experts, two science 
learning experts, curriculum experts, learning evalu-
ation experts, and two industry practitioners. The in-
dex proposed by Putranta et al. (2019) was used to 
determine the level of expert agreement on internal 
validity. The results were analyzed with AikenV. If an 
item has a V index ≤ 0.4, the validity is low (LV); if 0.4 
≤ V ≤ 0.8, the validity is medium (MV); if ≥ 0.8, the 
validity is high (HV). The results of internal validati-
on from the seven validators of the technology litera-
cy measurement instrument are presented in Table 1.

Table 1. Results of Internal Validity Assessment of Technology Literacy Question Items

No ASPECT V CRITERIA

1. Completeness of  the question framework 0.9 HV

2. Legibility 0.8 HV

3. Following the rules 0.9 HV

4. Effective and efficient language 0.9 HV

5. Graphic components 0.7 MV

6. Assessment keys and scores 0.9 HV

7. Display of  the tested ability 0.9 HV

After the expert declared the question items 
valid, an external test was carried out, and the results 
were analyzed using the Rasch Model.

1.	Validity of  Technological Literacy Ques-
tion Items. Validity shows the extent to which a 
measuring instrument is accurate and precise in 
its measurement function (Azwar, 2019; Peeters 
& Harpe, 2022). Careful means detecting minor 
differences in the measured attributes. Test ques-
tions are highly valid if  the questions provide 
appropriate results according to the test objecti-
ves. A questionnaire is valid if  it reveals what it 
measures. The quality of  validity of  the items in 
the Rasch Model is achieved if  they fulfill several 

criteria (Sumintono & Widhiarso, 2015; Peeters 
& Augustine, 2023). 

a. The Outfit MNSQ (Mean Square) value 
received is 0.5 < Outfit – MNSQ < 1.5; b. The 
Outfit ZSTD (Z – Standard) value accepted is: 
–2.0 < ZSTD < +2.0; c. Pt Measure Corr (Point 
Measure Correlation) value: 0.4 < Point Measure 
Corr < 0.85.

Based on the MNSQ and ZSTD outfit value 
criteria and Point Measure Correlation, valid questi-
ons are number 1, 4, 6, 7, 9, 10, and 13. In compari-
son, invalid questions are numbers 2, 3, 5, 8, 11, 12, 
14 and 15. The results of the analysis of the 15 questi-
ons are presented in Figure  1.

Figure 1. Validity Analysis of  Technological Literacy Test Questions



213
S. Jumini, S. Madnasri, E. Cahyono, Y. M. Nadrah, 
H. Hamzah, F. Fatiatun/ JPII 13 (2) (2024) 209-218

The analysis of test items to measure techno-
logical literacy in the attitude aspect is presented in Fi-
gure 2. Four questions are invalid based on the criteria 

for the MNSQ outfit and the ZSTD outfit (numbers 
1, 6, 10, and 14). Meanwhile, according to the Point 
Measure Correlation criteria, all questions are valid.

Figure 2. Validity Analysis of  Technology Literacy Profile Questionnaire Questions

2.	Reliability of  Technological Literacy 
Test Items. Reliability is the consistency of  a se-
ries of  measuring instruments (Borges & Driller, 
2016; Arikunto, 2017). Reliability always shows 
the condition of  research instruments in various 
forms, such as the same test results if  carried out 
by different people (inter-rater), the same test re-
sults if  carried out by the same person at different 

times (retesting), the same test results if  carried 
out by different people at the same time with 
different tests (parallel form), and the same test 
results using various constructive questions (in-
ternal consistency). The criteria for determining 
Item and Person Reliability are presented in Tab-
le 2 (Widhiarso, 2014; Silvia et al., 2021).

Table 2. Reliability Criteria in Rasch Modeling

Reliability Value (Person/Item) Interpretation

>0,94 Excellent

0,91 – 0,94 Very good

0,81 – 0,90 Good

0,67 – 0,80 Average

< 0,67 Poor

The results of the reliability test for 15 questi-
ons are shown in Figure 3. The person reliability va-
lue is 0.67 in the average category. It shows students’ 
consistency when answering questions in fairly con-
sistent conditions. The item reliability value is 0.93 in 
the very good category, indicating that the quality of  

the questions in the instrument has an outstanding 
reliability aspect. From the Alpha Cronbach (KR-20) 
formula, 0.63 in the medium category was obtained, 
indicating that the overall reliability of the instrument 
is moderate.

Figure 3. Reliability Analysis of  Technological Literacy Test Questions
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	 The reliability analysis of  questionnaire 
items to measure technological literacy in the at-
titude aspect is presented in Figure 4. The per-
son reliability value is 0.59 in the weak category. 
When answering questionnaire questions, stu-
dents are inconsistent. The item reliability value 

was 0.98 in the excellent category, indicating that 
the questionnaire items are reliable. The reliabili-
ty value using the Alpha Cronbach (KR-20) for-
mula was 0.58 in the medium category, indica-
ting moderate consistency in the overall question 
structure.

Figure 4. Results of  Reliability Analysis of  Technology Literacy Questionnaire Questions

3.	Level of Difficulty of Technological Litera-
cy Test Items. The difficulty level of a question item 
shows how many respondents are likely to answer 
a question item correctly (Arikunto, 2017; Andrade, 
2018; Hamdu et al., 2020). The difficulty level of a 
question item states whether the question item is in 
the difficult, average, or easy category. A good ques-

tion is neither too difficult nor too easy. The level of  
difficulty of the items in Rasch modeling is categori-
zed based on Measure logit and the Standard Devi-
ation (SD) value of the logit items and divided into 
four categories as shown in Table 3 (Planinic et al., 
2019; Widhiarso, 2015). A high logit value indicates 
the highest level of difficulty of the questions.

Table 3. Criteria for Difficulty Levels of Question Items with Rasch Modeling

Measure Value (logit) Interpretation of Question Item Difficulty

Measure logit < – SD logit Easy items

– SD logit ≤ Measure logit ≤ 0 Medium items

0 ≤ Measure logit ≤ SD logit Difficult items

Measure logit > SD logit Highly Difficult Items 

The analysis of the difficulty level of 15 techno- logical literacy questions is summarized in Table 4.

Table 4. Level of  Difficulty of  Technological Literacy Test Items

Measure Value (logit) Interpretation Question Items

Measure logit < – 2,56 Easy items 11,12

– 2,56≤ Measure logit ≤ 0 Medium items 2,3,8,14,15

0 ≤ Measure logit ≤ 2,56 Difficult items 4,5,6,9,10

Measure logit > 2,56 Highly Difficult Items 1,7,13

The difficulty level of the test items measuring 
technological literacy can be confirmed in the item 
map shown in Figure 5. From this item map, ques-
tions 1, 7, and 13 are in the highest logit category, 
which is highly difficult to do, and only three students 

answered them correctly. Questions 4, 5, 6, 9, and 10 
were difficult, but more students answered correctly. 
Questions 2, 3, 8, 14, and 15 are in the medium cate-
gory, and 11 and 12 are in the easy category. All stu-
dents answered them correctly.
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Analysis of the difficulty level of the question-
naire items to measure technological literacy in the 

Figure 5. Item Map of  Technological Literacy Analysis

attitude aspect is presented in Table 5.

Table 5. Level of Difficulty of Technological Literacy Questionnaire Items

Measure Value (logit) Interpretation Amount Question Items

Measure logit < – 1,98 Easy items 7 5,9,13,17,19,27,31

– 1,98≤ Measure logit ≤ 0 Medium items
14 1,3,6,7,11,15,16,21,

23,25,33,35,37,39

0 ≤ Measure logit ≤ 1,98 Difficult items 9 2,4,8,12,14,22,29,30,34

Measure logit > 1,98 Highly Difficult Items 
10 10,18,20,24,26,28,

32,38,38,40

The difficulty level of  the test items to me-
asure technological literacy can be confirmed in 
the item map in Figure 6. From the item map, ten 
questions are in the highest logit category (10, 18, 
20, 24, 26, 28, 32, 38, 38, and 40). They were very 
difficult to agree with, and no students agreed to 
the items. Next are nine questions (2, 4, 8, 12, 14, 

22, 29, 30, and 34) in the difficult category. These 
questions were also difficult for students to agree 
with. Then, 14 questions were in the medium ca-
tegory, and seven were in the easy category; not 
all were approved by students. This result is in 
line with Hamdu et al. (2020).

Figure 6. Questionnaire Item Map of  Technological Literacy Analysis

In general, the quality of  the technological 
literacy items is quite good. When used to me-
asure technological literacy, the items accurately 
measure and express technological literacy in as-
pects of  knowledge, critical thinking, and decisi-
on-making. They show the same technological 

literacy results if  used to measure one competen-
cy at different times. These technological literacy 
questions also have a good difficulty level because 
not all questions are too difficult or too easy. It 
does not mean students have low abilities, so they 
cannot answer them, and vice versa. The criteria 
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for the questions are complex, and even students 
with high abilities cannot answer them. Thus, 
the technological literacy test items are suitable 
for assessing technological literacy. An excellent 
technological literacy measuring tool provides an 
accurate picture of  one’s technological literacy. 
Someone with good technological literacy has 
excellent skills (Supriyadi et al., 2020; Triana et 
al., 2020).

The results of  this research benefit the edu-
cation system, especially in learning evaluation. 
There are few instruments for measuring techno-
logical literacy because it is not easy to measure, 
so it is rarely measured. This instrument provi-
des an overview of  how to define technology and 
technological literacy. It gives educational stan-
dards related to technological literacy and its cur-
riculum, which is relatively new and has not been 
widely tested. This technological literacy measu-
rement instrument also provides an overview 
of  the interconnection between scientific and 
transdisciplinary disciplines. The results of  this 
research can be used as a reference for how 21st-
century learning is closely related to technology 
in various dimensions so that learning actors and 
education managers can develop similar instru-
ments with different materials and sub-concepts.

CONCLUSION

This research shows that the instrument 
to measure technological literacy has seven valid 
and six invalid questions regarding knowledge. 
Regarding attitude, 36 questions are valid, and 
four questions are invalid. The item reliability 
value for the knowledge is 0.93 in the very good 
category. In comparison, for attitude, it is 0.98 in 
the excellent category. It shows that the questi-
onnaire items are reliable. In terms of  the level 
of  difficulty, there are two easy, five medium, five 
difficult, and three highly difficult items for kno-
wledge questions. Only students with high abi-
lities can answer in the highly difficult question 
category. There are seven easy, 14 medium, nine 
difficult, and ten highly difficult items for attitude 
questions. Highly difficult items are in the highest 
logit category and difficult to agree on. No stu-
dents agreed to the highly difficult and difficult 
question items. In comparison, students did not 
agree with all of  the questions in the medium ca-
tegory and seven items in the easy category.
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