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Abstract : Engineering graduates increasingly need technomathematics literacy (TmL) and 
computational tools. However, empirical evidence on the multidimensional TmL profiles 
of students across engineering disciplines remains scarce. This study aims to assess the 
level of TmL of students in five engineering study programs and identify competency 
deficits as a basis for curriculum design improvements. The study used a quantitative, 
cross-sectional survey design with 135 first-semester students. Data were collected using 
a validated seven-dimensional TmL instrument. The results showed that the level of TmL 
was generally low (M = 2.32), with the Electrical Engineering study program achieving 
a moderate category (M = 2.64). The software capability dimension was the lowest (M = 
1.91) across all programs. In contrast, analytical dimensions such as data literacy (M = 
2.49) and error sensitivity (M = 2.46) were relatively higher. This confirms the gap 
between analytical and computational capabilities. These findings indicate that software 
competencies have not been optimally integrated into the curriculum, thus requiring the 
integration of computational-based problem-solving, strengthening lecturer capacity, 
and adjustments to accreditation standards to support the development of TmL as a 
graduate achievement. 

Keywords : Technomathematical Literacies; Engineering Education; Software Proficiency. 
   

Abstrak : Lulusan teknik semakin membutuhkan literasi teknomatematika (TmL) dan alat 
komputasi. Namun, bukti empiris tentang profil TmL multidimensional mahasiswa di 
berbagai disiplin ilmu teknik masih langka. Penelitian ini bertujuan menilai tingkat TmL 
mahasiswa pada lima program studi teknik dan mengidentifikasi defisit kompetensi 
sebagai dasar perbaikan desain kurikulum. Penelitian menggunakan pendekatan 
kuantitatif dengan desain survei potong lintang terhadap 135 mahasiswa semester 
pertama. Data dikumpulkan menggunakan instrumen TmL tujuh dimensi yang telah 
tervalidasi. Hasil penelitian menunjukkan bahwa tingkat TmL secara umum tergolong 
rendah (M = 2,32), dengan program studi Teknik Elektro mencapai kategori sedang (M 
= 2,64). Dimensi kemampuan perangkat lunak menjadi yang terendah (M = 1,91) di 
seluruh program. Sebaliknya, dimensi analitis seperti literasi data (M = 2,49) dan 
sensitivitas kesalahan (M = 2,46) relatif lebih tinggi. Hal tersebut menegaskan adanya 
kesenjangan antara kemampuan analitis dan komputasional. Temuan ini menunjukkan 
bahwa kompetensi perangkat lunak belum terintegrasi secara optimal dalam kurikulum 
sehingga membutuhkan integrasi pemecahan masalah berbasis komputasi, penguatan 
kapasitas dosen, dan penyesuaian standar akreditasi untuk mendukung pengembangan 
TmL sebagai capaian lulusan.  

Kata Kunci : Literasi Teknomatematika; Pendidikan Teknik; Kemahiran Perangkat Lunak. 
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INTRODUCTION 

The accelerating integration of computational tools across diverse engineering 

sectors has fundamentally changed the knowledge and skill profile expected of engineering 

graduates. In professional practice, engineers are now expected not only to run engineering 

software but also to understand numerical methods, modeling assumptions, problem-

solving algorithms, algorithm design, and pattern recognition, considered fundamental to 

the modern engineering workforce (Kachkar & Yilmaz, 2023; Pirzado et al., 2025). This 

transformation reflects a broader global shift toward a digitally intensive work 

environment, where the boundaries between mathematical reasoning and technological 

applications are increasingly blurred (Mundiri et al., 2025). However, engineering education 

has been slow to respond to this shift, often maintaining curriculum structures that treat 

computational tools as supplementary rather than central to engineering thinking (Botha & 

Van Niekerk, 2025; Eppes et al., 2021). The resulting gap between educational preparation 

and professional expectations is not merely logistical but epistemological: it reflects a deeper 

failure to reconceptualize what counts as mathematical competence in an era defined by 

computational practice. This misalignment constitutes a structural crisis for higher 

education institutions that aspire to produce engineers equipped for contemporary 

professional demands. 

In the context of modern engineering education, the concept of Technomathematical 

Literacy (TmL) has emerged as a robust theoretical and practical framework for 

understanding the integration of mathematical reasoning with technological tools in 

authentic workplace settings. Initially introduced by Hoyles et al., (2010) and further 

developed by williams & wake, (2006), TmL encompasses seven interrelated dimensions: 

data literacy, software proficiency, technical communication, error sensitivity, numerical 

sensitivity, technical creativity, and technical drawing skills (van der Wal et al., 2019). In 

practice, engineers rely on these core TmL dimensions, particularly technical software skills, 

data literacy, and error awareness, yet they often perceive their university mathematics as 

an “island” with limited relevance to professional work, rarely involving software use or 

estimation approaches (Chinchay et al., 2024; Lanning et al., 2020). This gap is reinforced by 

the nature of mathematics courses, which tend to be highly theoretical and lack contextual 

connections to real-world applications and digital tools, despite the growing demand for 

TmL in technology-rich environments (Awaliah S et al., 2025; Himmi et al., 2024; 

Saparbayeva et al., 2024). Consequently, this structural separation between academic 

mathematics and professional practice contributes to the persistent shortcomings in 

technomathematical literacy and software proficiency among engineering graduates. 

Despite this progress, important gaps in the literature remain. First, most existing 

TmL studies focus on single disciplines or isolated competency dimensions, limiting the 

ability to identify cross-program patterns and structural imbalances (Hsiung, 2023; 
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Rachmawati et al., 2022). Second, most studies have not examined TmL from a pedagogical 

perspective that is, in terms of curriculum design, teaching strategies, or learning 

interventions that may systematically support or hinder TmL development (Hadgraft & 

Kolmos, 2020; Supriadi et al., 2024). Third, and critically, no published study has 

simultaneously delivered a multidimensional, multi-program TmL assessment and derived 

actionable pedagogical implications from the resulting competency profiles, leaving 

practitioners and curriculum designers without evidence-based guidance for targeted 

intervention (Abdullah et al., 2023; Tadege et al., 2022). This tripartite gap in scope, 

perspective, and actionability defines the research space the present study occupies. 

The novelty of this study lies in its integration of three dimensions that previous 

research has treated separately: 1) a multidimensional TmL assessment spanning seven 

competency domains, 2) a cross-program comparative design covering five engineering 

disciplines within a single institution, and 3) an explicit pedagogical lens focused on the 

implications of competency profiles for curriculum design and instructional practice. Unlike 

prior diagnostic surveys, this study makes an original theoretical contribution by 

demonstrating that the analytical-computational dissociation, the disconnect between 

students’ relatively stronger analytical awareness and their significantly weaker 

computational implementation, constitutes a previously undertheorized structural 

vulnerability in engineering education. This constitutes the study’s primary novelty claim: 

not merely identifying that software proficiency is low, but explaining why this specific 

deficit persists even within computationally oriented programs, and what institutional and 

pedagogical mechanisms sustain it. This research addresses three specific objectives: 1) to 

assess TmL levels across five engineering programs using a validated seven-dimensional 

instrument, 2) to identify the most critical competency gap, with particular attention to 

software proficiency, and 3) to derive pedagogically grounded recommendations for 

curriculum design and instructional integration of computational tools in higher 

engineering education. 

 

METHOD 

This study employed a cross-sectional quantitative survey design to assess 

technomathematical literacies (TmL) among engineering students, enabling systematic 

comparison across programs at a single point in time (Cohen et al., 2013; Creswell & 

Creswell, 2018). Participants were recruited through purposive sampling in October 2025 at 

Universitas Riau Kepulauan, Batam, Indonesia, targeting first-semester students to capture 

baseline competencies prior to exposure to formal mathematics and discipline-specific 

technical courses. A total of 135 students from five engineering programs participated. The 

distribution of participants by program is presented in Table 1. 
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Table 1: Participant Information by Engineering Program 

Program n % 

Mechanical Engineering 85 63.0 

Electrical Engineering 24 17.8 

Civil Engineering 14 10.4 

Architecture 7 5.2 

Information Systems 5 3.7 

Total 135 100.0 

Note: The uneven distribution reflects actual enrollment patterns. Smaller samples from Architecture 
(n = 7) and Information Systems (n = 5) represent the full or near-full cohort of eligible first-
semester students in those programs. 

 

Data collection followed three sequential stages: 1) instrument distribution via 

printed questionnaire administered during scheduled class sessions to ensure a controlled 

response environment, 2) supervised completion with standardized verbal instructions to 

minimize misinterpretation of competency descriptors, and 3) immediate collection upon 

completion to ensure full response rates. The entire data collection process was completed 

within a single two-week period in October 2025. 

The research instrument was a validated self-report questionnaire measuring seven 

TmL dimensions: Data Literacy, Software Proficiency, Technical Communication, Error 

Sensitivity, Numerical Sensitivity, Technical Creativity, and Technical Drawing Skills. The 

instrument comprised 35 items (5 per dimension) rated on a 4-point Likert scale (1 = Low; 4 

= Very Good), with the neutral midpoint deliberately excluded to reduce central tendency 

bias (Chyung et al., 2017). Reliability was confirmed by Cronbach’s alpha coefficients of 

0.78–0.89 per dimension and an overall coefficient of 0.92. Content validity was established 

through expert review by five specialists; items with a Content Validity Index below 0.80 

were revised or removed. Construct validity was supported by an exploratory factor 

analysis, which confirmed the seven-factor structure and showed that all item loadings 

exceeded 0.50 on their respective dimensions. 

Data analysis proceeded in three stages. First, descriptive statistics (means, standard 

deviations, ranges) were computed for each TmL dimension and by program. Second, scores 

were classified using five predetermined proficiency thresholds: Very Low (< 2.0), Low (2.0–

2.49), Moderate (2.5–2.99), High (3.0–3.49), and Very High (≥ 3.5), established through 

faculty consultation and institutional assessment standards(Gazi et al., 2024). Third, cross-

program comparisons were conducted using descriptive methods and visual 

representations (box plots, radar charts, bar graphs). Given unequal and small sample sizes, 

formal inferential testing was deemed inappropriate, and effect sizes were used instead to 

evaluate practical significance. All analyses were conducted in IBM SPSS Statistics Version 

28.0; data visualizations were produced using Python’s matplotlib library. 
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RESULT AND DISCUSSION 

1. Results 

The assessment of 135 engineering students across five programs revealed 

alarmingly low levels of technomathematical literacies, with only one program achieving 

a "Moderate" proficiency level and the remaining four programs categorized as "Low". 

From table 2 presents the descriptive statistics for overall TmL proficiency by engineering 

program, yielding a mean score of 2.32 (SD = 0.65), classified as “Low.” Among the five 

programs, Electrical Engineering recorded the highest mean (M = 2.64, SD = 0.69, 

“Moderate”), while Civil Engineering recorded the lowest (M = 2.18, SD = 0.42, “Low”). 

The remaining three programs-Information Systems (M = 2.29), Mechanical Engineering 

(M = 2.26), and Architecture (M = 2.19) — all fell within the “Low” category. Score ranges 

varied substantially across programs, from a minimum of 1.00 (Mechanical Engineering) 

to a maximum of 3.86 (Electrical Engineering), reflecting high within-program 

variability. 
 

Table 2: Descriptive Statistics of Overall TmL Proficiency by Engineering Program 

Program N Mean SD Category Min Max Range 95% CI 

Electrical 

Engineering 
24 2.64 0.69 Moderate 1.57 3.86 2.29 

[2.35, 

2.93] 

Information 

Systems 
5 2.29 0.83 Low 1.29 3.29 2.00 

[1.26, 

3.32] 

Mechanical 

Engineering 
85 2.26 0.66 Low 1.00 3.71 2.71 

[2.12, 

2.40] 

Architecture 7 2.19 0.55 Low 1.43 2.86 1.43 
[1.70, 

2.68] 

Civil 

Engineering 
14 2.18 0.42 Low 1.57 2.86 1.29 

[1.94, 

2.42] 

Total Sample 135 2.32 0.65 Low 1.00 3.86 2.86 
[2.21, 

2.43] 

Note: Category thresholds: Very Low (<2.0), Low (2.0-2.49), Moderate (2.5-2.99), High (3.0-
3.49), Very High (≥3.5) 

 

Analysis of the seven dimensions of TmL revealed a striking and consistent 

pattern. Table 3 presents software proficiency scores relative to overall TmL scores by 

program. Software proficiency yielded the lowest overall mean across all seven 

dimensions (M = 1.91), the only dimension falling into the “Very Low” category (below 

2.0). This dimension is ranked 7th (lowest) across all programs, without exception. The 

largest gap between overall TmL and software proficiency was noted in Architecture 

(−0.48), and the smallest in Mechanical Engineering (−0.22). Even in Electrical 
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Engineering, the highest performing program overall, software proficiency scored only 

2.30, remaining in the “Low” category. 
 

Table 3: Software Proficiency Compared to Overall TmL by Program 

Program 
Overall 

TmL 

Software 

Proficiency 
Gap Software Rank 

Electrical Engineering 2.64 2.30 -0.34 7th (Lowest) 

Information Systems 2.29 2.03 -0.26 7th (Lowest) 

Mechanical Engineering 2.26 2.04 -0.22 7th (Lowest) 

Civil Engineering 2.18 1.90 -0.28 7th (Lowest) 

Architecture 2.19 1.71 -0.48 7th (Lowest) 

Overall Average 2.32 1.91 -0.41 7th (Lowest) 
 

To provide a comprehensive understanding of engineering students' TmL skills, 

Table 4 presents the mean scores for the seven dimensions across the entire sample and 

by individual program of study. Data Literacy recorded the highest overall mean (M = 

2.49), followed by Error Sensitivity (M = 2.46), Technical Communication (M = 2.42), 

Technical Creativity (M = 2.40), Engineering Drawing (M = 2.30), and Numerical 

Sensitivity (M = 2.21). All six dimensions were categorized as "Low." Software 

Proficiency (M = 1.91) was the only dimension categorized as "Very Low." Electrical 

Engineering consistently recorded the highest scores across all dimensions; Architecture 

and Civil Engineering recorded the lowest scores across most dimensions. 
 

Table 4: Mean Scores for Seven TmL Dimensions by Engineering Program 

Dimension EE IS ME Arch CE Overall Category 

Data Literacy 2.83 2.65 2.38 2.40 2.23 2.49 Low 

Error Sensitivity 2.83 2.20 2.42 2.47 2.37 2.46 Low 

Technical 

Communication 
2.67 2.40 2.41 2.27 2.28 2.42 Low 

Technical Creativity 2.78 2.40 2.28 2.37 2.15 2.40 Low 

Numerical Sensitivity 2.49 2.30 2.11 2.03 2.15 2.21 Low 

Technical Drawing 2.55 2.40 2.24 2.10 2.15 2.30 Low 

Software Proficiency 2.30 2.03 2.04 1.71 1.90 1.91 Very Low 

Overall TmL 2.64 2.29 2.26 2.19 2.18 2.32 Low 

Note: EE = Electrical Engineering, IS = Information Systems, ME = Mechanical Engineering, 
Arch = Architecture, CE = Civil Engineering 

 

2. Discussion 

The findings of this study reveal a pervasive pattern of low technomathematical 

literacy (TmL) among first-semester engineering students across five programs, with 

software proficiency consistently emerging as the most critical deficit (M = 1.91, “Very 
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Low”) and overall TmL averaging 2.32 (“Low”). Notably, only Electrical Engineering 

reached the “Moderate” threshold, while the remaining four programs remained 

uniformly in the “Low” category. These results are significant beyond their descriptive 

value: they signal that the dominant mode of TmL delivery at the sampled institution has 

failed to produce functional computational competence, even at a baseline level. The 

uniformity of low scores across programs with markedly different disciplinary 

orientations from Architecture to Information Systems strongly implies that the deficit is 

institutionally reproduced rather than discipline-specific, pointing to systemic 

curriculum failures that individual instructors or programs cannot resolve in isolation. 

Understanding why software proficiency is low in all five programs, including 

Information Systems, a technology-oriented discipline, requires a theoretical explanation 

beyond a simple curriculum critique. This study argues that the root cause lies in an 

epistemological mismatch: engineering curricula continue to treat software as a 

peripheral tool rather than a constitutive element of mathematical reasoning. This 

position extends Hoyles et al., (2010) concept of TmL, which is defined not as the sum of 

mathematical and technological skills, but as their functional integration in workplace 

problem-solving. Current data suggest that engineering programs largely fail to 

operationalize this integration, producing graduates who may possess declarative 

mathematical knowledge but lack the computational fluency to apply it in practice. 

Because mathematical reasoning in engineering is often implicit and embedded within 

the discipline(Mili et al., 2023). Bridging this gap requires competency-based education 

that explicitly connects mathematical knowledge and algorithms within an engineering 

context (Sipos and Kocsis, 2024). 

The relative advantage of Electrical Engineering (M = 2.64) aligns with 

Berardinucci et al.'s (2023) finding that disciplines structurally dependent on 

computational modeling — such as signal processing and circuit analysis — tend to 

integrate software tools more organically into their pedagogical workflows. However, 

even in this highest-performing program, software proficiency scored only 2.30 ("Low"), 

demonstrating that disciplinary exposure alone is insufficient to develop TmL. The 

paradox of Information Systems scoring 2.03 further reinforces this point: familiarity 

with technology does not equate to techno-mathematical integration. These findings 

critically extend Archambault et al., (2024) and Pirzado et al., (2025) by showing that 

intentional curriculum design must embed computational tools within contexts 

demanding mathematical decision-making and technical judgment — not merely include 

them as ancillary features. 
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A theoretically significant pattern concerns the asymmetric development of TmL 

dimensions. Students performed comparatively better in Data Literacy (M = 2.49) and 

Error Sensitivity (M = 2.46) than in Software Proficiency (M = 1.91), suggesting that 

analytical awareness develops through repeated exposure in laboratory and problem-

solving contexts, while computational implementation skills do not keep pace. This 

dissociation has not been explicitly articulated in prior TmL research. While Nogel, (2024) 

and Ayanwale et al., (2024) documented the importance of data literacy and numerical 

reasoning in workplace settings, but neither accounted for the possibility that analytical 

competencies could develop independently of and faster than computational ones. The 

present study identifies this gap as a novel empirical finding, pointing to a structural 

vulnerability in engineering education that existing frameworks have undertheorized. 

Addressing it requires embedding computational learning within the context of 

engineering modeling and design, rather than treating programming as a standalone skill 

(Gopal, 2022). 

The institutional structures, including curriculum frameworks, faculty 

development systems, and assessment practices, function as the primary mediating 

variables between educational policy and student competency outcomes (Hadgraft & 

Kolmos, 2020; Kamel et al., 2025). In the Indonesian engineering education context, these 

structures remain largely organized around traditional analytical pedagogies that 

prioritize symbolic manipulation over computational reasoning (Baharun et al., 2025; 

Bhattacharya et al., 2022; Nailasariy et al., 2023). The present study's novelty lies in 

providing the first multidimensional, cross-program empirical evidence of this structural 

deficiency within a single Indonesian institutional context, at a level of comparative 

granularity that single-program or single-dimension studies cannot achieve.  

These findings carry concrete implications for practice and policy. At the 

pedagogical level, software proficiency cannot be effectively developed through stand-

alone technical training; it must be integrated into discipline-specific mathematical tasks 

where students use software as a cognitive tool to model, analyze, and interpret 

engineering problems (Mou, 2024; Zhou et al., 2022). At the institutional level, investment 

in faculty computational competence is as critical as investment in infrastructure; the data 

show that even technology-rich programs have not translated access into student 

proficiency (Adeoye, 2024). At the national level, Indonesian engineering accreditation 

standards should explicitly incorporate TmL as a measurable graduate attribute, aligned 

with Washington Accord expectations for computational literacy. 

In the global context, these findings contribute to an emerging body of evidence 

that the software proficiency deficit in engineering education is not unique to Indonesia. 
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Industry-wide surveys in the United States, Nepal, Australia, and Europe have 

documented persistent gaps between employer expectations and graduates' 

computational skills (Abell et al., 2024; Ansori et al., 2023; Santa Soriano & Torres Valdés, 

2021). Crucially, however, the present study demonstrates that this gap is not uniform 

across all TmL dimensions but specifically concentrated in computational 

implementation, a finding that provides more actionable guidance for curriculum reform 

than broad calls for "digital literacy," directing attention toward integrating software 

within mathematical problem-solving rather than toward technology adoption per se. 

Several limitations contextualize these findings. First, the reliance on self-report 

measures introduces the possibility of social desirability bias or inaccurate self-

assessment, as students may lack the metacognitive awareness to evaluate their own 

competencies accurately (Palczyńska & Rynko, 2020). Second, the small samples from 

Architecture (n = 7) and Information Systems (n = 5) restrict statistical confidence in the 

estimates for those programs; findings for these groups should be interpreted with 

appropriate caution (Button et al., 2013). Third, the single-institution design limits 

generalizability to other Indonesian universities with different resource profiles, faculty 

expertise, or institutional cultures (Jaciw et al., 2021; Munif et al., 2023; Wibowo & 

Hasanah, 2021). Future research should employ multi-institutional designs, 

performance-based assessments, and longitudinal methods to trace the developmental 

trajectory of TmL across the full engineering degree program. 

 

CONCLUSION 

This study reveals that technomathematical literacies (TmL) among engineering 

students remain at an insufficient level, with overall proficiency categorized as low and only 

one program reaching a moderate level. The most critical and consistent finding is that 

software proficiency represents the weakest dimension across all programs, falling within 

the very low category and demonstrating a substantial gap relative to other TmL 

competencies. This pattern indicates a structural misalignment between engineering 

education and contemporary professional practice, where computational tools are essential 

for modeling, analysis, and problem-solving. Although Electrical Engineering 

demonstrated relatively stronger performance compared to other programs, software 

proficiency remained inadequate even within this computationally intensive discipline, 

suggesting that disciplinary exposure alone is insufficient without intentional pedagogical 

integration. Furthermore, the relatively stronger performance in analytical dimensions such 

as data literacy and error sensitivity, combined with weak computational competencies, 

highlights a persistent disconnect between mathematical reasoning and technological 
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implementation. 

These findings suggest that the primary barriers to TmL development are systemic 

rather than individual, reflecting curriculum structures that do not fully integrate 

computational tools as core components of engineering thinking. Engineering education 

must reposition software and computational tools from peripheral technical skills to central 

cognitive instruments embedded within mathematical and engineering problem-solving. 

Operationally, this reorientation demands three concrete institutional actions: (1) 

redesigning mathematics courses for engineering students to include compulsory, assessed 

software-based problem-solving tasks that mirror authentic engineering workflows; (2) 

establishing faculty development programs that build instructors’ own computational 

competence, since the data indicate that even resource-equipped programs fail to translate 

technological access into student proficiency; and (3) revising institutional and national 

accreditation standards to recognize TmL particularly software proficiency as a formally 

assessed graduate attribute rather than an assumed byproduct of technical coursework. The 

study’s primary theoretical contribution is the identification and empirical documentation 

of the analytical-computational dissociation: a previously undertheorized structural 

vulnerability in which students develop analytical awareness faster and more robustly than 

computational implementation capacity. This dissociation is not merely an achievement 

gap; it is a curricular artifact that deliberate pedagogical redesign can correct. Future 

research should employ multi-institutional, longitudinal, and performance-based designs 

to trace how the analytical-computational dissociation evolves across the degree program 

and to evaluate the efficacy of specific instructional interventions targeting software 

integration. Such work is essential to equip engineering graduates with the computational 

fluency demanded by contemporary professional practice. 

 

ACKNOWLEDGMENT 

The authors gratefully acknowledge the financial support provided by the Institute 

for Research and Community Service (LPPM), Universitas Riau Kepulauan, through the 

Internal Research Grant for Lecturers (Hibah Internal Dosen) for the Fiscal Year 2025. This 

research was funded under Contract Number 02/KP-PID/LPPM/IX/2025, entitled 

“Pemetaan Kemampuan Technomathematical Literacies Mahasiswa Teknik dalam 

Menyelesaikan Masalah Matematika Aplikatif”. The authors also express their sincere 

appreciation to Universitas Riau Kepulauan for its institutional support and to all students 

who participated in this study. 

 

 
 
 



Software Proficiency Crisis in Higher Education .... 

ISSN: 2354-7960 (p) 2528-5793 (e) 
Vol. 13, No. 1 (2026), pp. 112-125  122 
https://ejournal.unuja.ac.id/index.php/pedagogik 

BIBLIOGRAPHY 

Abdullah, A. A., Ahid, N., Fawzi, T., & Muhtadin, M. A. (2023). Peran Guru dalam 
Pengembangan Kurikulum Pembelajaran. Tsaqofah, 3(1), 23–38. 
https://doi.org/10.58578/tsaqofah.v3i1.732 

Abell, J. A., Moreno‐Casas, P. A., & Recabarren, M. (2024). Integrating advanced 
computational skills into engineering education: A discipline‐based approach. 
Computer Applications in Engineering Education, 32(6), e22784. 
https://doi.org/10.1002/cae.22784 

Adeoye, M. A. (2024). AI-Enhanced Learning Experiences : Moving Beyond Traditional Textbook 
Approaches in Global Education. 2(3), 169–177. 
https://doi.org/10.70437/educative.v2i3.825 

Ansori, A., Hefniy, H., Baharun, H., Agus, A. H., & ... (2023). Method of Communications 
Islamic Educational Institutions in Building Branding Image Symbolic Interaction 
Studies. … : Indonesian Journal of …, 5(3), 280–293. 
https://serambi.org/index.php/managere/article/view/141%0Ahttps://serambi.
org/index.php/managere/article/download/141/368 

Archambault, S. G., Ramachandran, S., Acosta, E., & Fu, S. (2024). Ethical dimensions of 
algorithmic literacy for college students: Case studies and cross-disciplinary 
connections. Journal of Academic Librarianship, 50(3), 102865. 
https://doi.org/10.1016/j.acalib.2024.102865 

Awaliah S, N. R., Muhaeminah, U., & Munawwaroh, I. (2025). The Role of Digital Marketing 
Management in Improving College Branding on Social Media. 01(02), 75–86. 

Ayanwale, M. A., Adelana, O. P., Molefi, R. R., Adeeko, O., & Ishola, A. M. (2024). 
Examining artificial intelligence literacy among pre-service teachers for future 
classrooms. Computers and Education Open, 6(March), 100179. 
https://doi.org/10.1016/j.caeo.2024.100179 

Baharun, H., Najiburrahman, N., Zamroni, Z., Mundiri, A., & Thohir, P. F. D. M. (2025). 
Quality of Service and Customer Satisfaction from ROI in Pesantren: A BPS-
Mediated Study. TEM Journal, 14(2), 1260–1268. https://doi.org/10.18421/TEM142-
27 

Bhattacharya, M., Bhat, S., Tripathy, S., Bansal, A., & Choudhary, M. (2022). Improving 
biomedical named entity recognition through transfer learning and asymmetric tri-
training. Procedia Computer Science, 218(2022), 2723–2733. 
https://doi.org/10.1016/j.procs.2023.01.244 

Botha, C., & Van Niekerk, W. (2025). Developing Student Competency in Engineering Tools 
Using Open-Source Software in Undergraduate Engineering Education. Proceedings 
from the International Research Symposium on Problem-Based Learning (IRSPBL), 30-38. 
https://doi.org/10.54337/irspbl-11082 

Chinchay, Y., Gomez, J., & Montoro, G. (2024). Unlocking inclusive education: A quality 
assessment of software design in applications for children with autism. Journal of 
Systems and Software, 217(July), 112164. https://doi.org/10.1016/j.jss.2024.112164 

Chyung, S. Y. Y., Roberts, K., Swanson, I., & Hankinson, A. (2017). Evidence-Based Survey 
Design: The Use of a Midpoint on the Likert Scale. Performance Improvement, 56(10), 
15–23. https://doi.org/10.1002/pfi.21727 

Cohen, L., Manion, L., & Morrison, K. (2013). Research Methods in Education. Routledge. 
https://doi.org/10.4324/9780203720967 



Nailul Himmi, Zures Gustiabani, Sri Wahyuni, Nabilla Kurnia, Hasyara Nur’aini 

123 Software Proficiency Crisis in Higher Education .... 

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and mixed 
methods approaches. SAGE. 

Eppes, T. A., Milanovic, I., Jamshidi, R., & Shetty, D. (2021). Engineering Curriculum in 
Support of Industry 4.0. International Journal of Online and Biomedical Engineering 
(IJOE), 17(01), 4–16. https://doi.org/10.3991/ijoe.v17i01.17937 

Gazi, M. A. I., Mamun, A. Al, Masud, A. Al, Senathirajah, A. R. bin S., & Rahman, T. (2024). 
The relationship between CRM, knowledge management, organization 
commitment, customer profitability and customer loyalty in telecommunication 
industry: The mediating role of customer satisfaction and the moderating role of 
brand image. Journal of Open Innovation: Technology, Market, and Complexity, 10(1), 
100227. https://doi.org/10.1016/j.joitmc.2024.100227 

Gopal, Т. (2022). Teaching Mathematics with the Software Engineering Body of Knowledge. 
Innovative STEM Education, 4(1), 8–12. https://doi.org/10.55630/stem.2022.0401 

Hadgraft, R. G., & Kolmos, A. (2020). Emerging learning environments in engineering 
education. Australasian Journal of Engineering Education, 25(1), 3–16. 
https://doi.org/10.1080/22054952.2020.1713522 

Himmi, N., Saragih, S., & Hasratuddin. (2024). Identification Of Students’ Techno-
Mathematical Literacies (Tml) Abilities: Preliminary Research. Matematika Dan 
Pembelajaran, 12(2), 183–200. https://doi.org/10.33477/mp.v12i2.8263 

Hoyles, C., Noss, R., Kent, P., & Bakker, A. (2010). Improving Mathematics at Work. Routledge. 
https://doi.org/10.4324/9780203854655 

Hsiung, P. C. (2023). Development and application of medical family therapy in Taiwan: 
Personal actualization. Bulletin of Educational Psychology, 52(3), 665–684. 
https://doi.org/10.6251/BEP.202103_52(3).0008 

Jaciw, A. P., Unlu, F., & Nguyen, T. (2021). A Within-Study Approach to Evaluating the Role 
of Moderators of Impact in Limiting Generalizations from “Large to Small.” 
American Journal of Evaluation, 43(1), 108–131. 
https://doi.org/10.1177/10982140211030552 

Kachkar, O., & Yilmaz, M. K. (2023). How diverse are Shariah supervisory boards of Islamic 
banks? A global empirical survey. International Journal of Ethics and Systems, 39(2), 
312–341. https://doi.org/10.1108/IJOES-10-2021-0195 

Kamel, D., Tsatse, A., & Badmos, S. (2025). Teaching Computational Tools in Chemical 
Engineering Curriculum in Preparation for the Capstone Design Project. In Systems 
and Control Transactions (Vol. 4, pp. 2197–2202). PSE Press. 
https://doi.org/10.69997/sct.126494 

Lanning, J., Roberts, M., & Wiggins, B. (n.d.). Exploring Educational Needs and Practices in 
Structural Analysis. In 2024 ASEE Annual Conference &amp; Exposition Proceedings. 
ASEE Conferences. https://doi.org/10.18260/1-2--47406 

Mili, W. N., Mahendra, C., Bergitta, D., & Annawati, D. (2023). Advancing Science Education 
and Development through Gamified Mobile App for Junior High School Physics Learning. 
12(3), 101–110. 

Mou, T. Y. (2024). The practice of visual storytelling in STEM: Influence of creative thinking 
training on design students’ creative self-efficacy and motivation. Thinking Skills and 
Creativity, 51(November 2023), 101459. https://doi.org/10.1016/j.tsc.2023.101459 

Mundiri, A., Munawwaroh, I., Hadi, M. I., Baharun, H., Shudiq, W. J. F., & Maulidy, A. 
(2025). Artificial Intelligence (AI) Innovation in Education: From Data-Driven 
Learning to Automated Teaching. Proceedings of the 2025 IEEE International Conference 



Software Proficiency Crisis in Higher Education .... 

ISSN: 2354-7960 (p) 2528-5793 (e) 
Vol. 13, No. 1 (2026), pp. 112-125  124 
https://ejournal.unuja.ac.id/index.php/pedagogik 

on Industry 4.0, Artificial Intelligence, and Communications Technology, IAICT 2025, 173–
180. https://doi.org/10.1109/IAICT65714.2025.11100623 

Munif, M., Rozi, F., & Sulaiman, A. N. M. (2023). Application Grouping Skills : Learning 
Methods to Support Student Talent Interest Based on Experiential Learning. Jurnal 
Teknologi Pendidikan : Jurnal Penelitian Dan Pengembangan Pembelajaran, 8(2), 383–391. 

Nailasariy, A., Habibi, B. Y., Kubro, K., Nurhaliza, & Setyaningrum, A. R. (2023). 
Implementation of the Design for Change (DFC) Method through Project-Based 
Learning in Developing Intrapersonal and Interpersonal Skills of Islamic Religious 
Education Students. Jurnal Pendidikan Agama Islam, 20(1), 132–149. 
https://doi.org/10.14421/jpai.v20i1.6668 

Nogel, M. (2024). Some areas where digital forensics can support the addressing of legal 
challenges linked to forensic genetic genealogy. Forensic Science International: Digital 
Investigation, 49(January). https://doi.org/10.1016/j.fsidi.2024.301696 

Palczyńska, M., & Rynko, M. (2020). ICT skills measurement in social surveys: Can we trust 
self-reports? Quality &amp; Quantity, 55(3), 917–943. 
https://doi.org/10.1007/s11135-020-01031-4 

Pirzado, F. A., Ahmed, A., Hussain, S., Ibarra-Vázquez, G., & Terashima-Marin, H. (2025). 
Assessing Computational Thinking in Engineering and Computer Science Students: 
A Multi-Method Approach. Education Sciences, 15(3), 344. 
https://doi.org/10.3390/educsci15030344 

Rachmawati, E., Umniyatun, Y., Rosyidi, M., & Iqbal, M. (2022). Heliyon The roles of Islamic 
Faith-Based Organizations on countermeasures against the COVID-19 pandemic in 
Indonesia. Heliyon, 8(October 2020), e08928. 
https://doi.org/10.1016/j.heliyon.2022.e08928 

Santa Soriano, A., & Torres Valdés, R. M. (2021). Engaging universe 4.0: The case for forming 
a public relations-strategic intelligence hybrid. Public Relations Review, 47(2). 
https://doi.org/10.1016/j.pubrev.2021.102035 

Saparbayeva, E., Abdualiyeva, M., Torebek, Y., Madiyarov, N., & Tursynbayev, A. (2024). 
Leveraging digital tools to advance mathematics competencies among construction 
students. Cogent Education, 11(1). https://doi.org/10.1080/2331186x.2024.2319436 

Supriadi, N., Jamaluddin Z, W., & Suherman, S. (2024). The role of learning anxiety and 
mathematical reasoning as predictor of promoting learning motivation: The 
mediating role of mathematical problem solving. Thinking Skills and Creativity, 
52(December 2023), 101497. https://doi.org/10.1016/j.tsc.2024.101497 

Tadege, A., Seifu, A., & Melese, S. (2022). Teachers’ views on values-education: The case of 
secondary schools in East Gojjam, Ethiopia. Social Sciences and Humanities Open, 6(1), 
100284. https://doi.org/10.1016/j.ssaho.2022.100284 

van der Wal, N. J., Bakker, A., & Drijvers, P. (2019). Teaching strategies to foster techno-
mathematical literacies in an innovative mathematics course for future engineers. 
ZDM, 51(6), 885–897. https://doi.org/10.1007/s11858-019-01095-z 

Wibowo, A., & Hasanah, S. N. (2021). Kepemimpinan Perempuan Dalam Menciptakan 
Sekolah Ramah Anak. Quality, 9(1), 87. https://doi.org/10.21043/quality.v9i1.10109 

williams,  julian, & wake,  geoff. (2006). Metaphors and Models in Translation Between 
College and Workplace Mathematics. Educational Studies in Mathematics, 64(3), 345–
371. https://doi.org/10.1007/s10649-006-9040-6 

Zhou, Y., Li, C., Wang, M., Xu, S., Wang, L., Hu, J., Ding, L., & Wang, W. (2022). Universal 



Nailul Himmi, Zures Gustiabani, Sri Wahyuni, Nabilla Kurnia, Hasyara Nur’aini 

125 Software Proficiency Crisis in Higher Education .... 

health coverage in China: a serial national cross-sectional study of surveys from 2003 
to 2018. The Lancet Public Health, 7(12), e1051–e1063. https://doi.org/10.1016/S2468-
2667(22)00251-1 

 

 


