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ABSTRACT
Aims: This study assessed the relevance of the Specialization in Intelligent Logistics Systems within the Industrial Engineering programme at the Instituto Tecnológico de Colima, Mexico, by examining institutional capacity in relation to the Manzanillo port-logistics context.
Study Design: A convergent mixed-methods case study.
Place and Duration of Study: Instituto Tecnológico de Colima, January–June 2026.
Methodology: The analysis triangulated an institutional capacity study covering four student cohorts, faculty profiles and infrastructure; a ten-item questionnaire completed by 438 of 460 active students (95.2% coverage); port and regional economic statistics for 2020–2024; and literature published during 2021–2026. Institutional and survey indicators were examined descriptively.
Results: Across the four cohorts, the mean course failure rate was 13.7%, the dropout rate declined from 18.5% to 12.0%, and the graduation rate rose from 52% to 62%. Logistics was the leading first-choice specialisation (27.4%), while 78.1% of respondents reported high employment expectations. Of 17 core faculty members, 88.2% had previous industrial experience. The principal technological shortfall was limited access to Logistics 4.0 tools, including warehouse management and supply chain analytics systems.
Conclusion: The findings indicate alignment between the specialisation, student interest and the regional logistics context, while identifying a need for technological updating. A five-measure action plan for 2026–2029 is proposed, with indicators to monitor implementation.
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1. INTRODUCTION
Whether a degree programme responds to the needs of the territory in which it is located has become a central question for higher education policy in Latin America. Silva Medina et al. (2026) argue that bringing engineering curricula into line with an increasingly digital industry is now the most pressing task facing higher education institutions (HEIs) in the region. The roadmap discussed at UNESCO's 2022 World Higher Education Conference points in the same direction, asking institutions to become more flexible and to respond faster to social and labour-market change, including the digital transition (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2022). Logistics shows the pressure clearly. Since 2020, successive disruptions have forced firms to rethink supply chains that had been built around efficiency and lean inventories (Ivanov & Dolgui, 2022).
In Mexico, the Tecnológico Nacional de México (TecNM) has turned this concern into a formal requirement. Chapter 19 of its Academic-Administrative Guidelines states that every specialisation offered by its programmes must rest on an up-to-date regional diagnosis, valid for no less than one year and no more than three years (TecNM, 2015). Specialisations are thus subject to periodic review, and their continuation must be justified by evidence.
The Instituto Tecnológico de Colima (ITC-TecNM) offers a bachelor's degree in Industrial Engineering. Colima is one of the smallest states in Mexico by area, yet it hosts the Port of Manzanillo, the country's busiest container port (Administración del Sistema Portuario Nacional Manzanillo [ASIPONA Manzanillo], 2024). This gives the state a weight in the national logistics system out of proportion to its size and sustains a steady demand for professionals trained in logistics, supply chain management and foreign trade.
The digitalisation of logistics and the adoption of Industry 4.0 technologies are changing the competences required by the sector (Sheffi, 2023; World Economic Forum, 2023). Studies on Logistics 4.0 show that performance gains come from combining advanced technologies with redesigned processes, rather than from technology alone (Hrouga & Sbihi, 2023; Monferdini et al., 2025). University programmes are expected to anticipate these shifts and to give graduates the analytical, digital and managerial tools that complex logistics settings demand. The Specialization in Intelligent Logistics Systems (code INDE-SLI-2026-02) of ITC-TecNM was designed for this purpose.
1.1 Curricular Relevance in Technological Higher Education
Within the framework promoted by UNESCO (2022), relevance refers to the capacity of higher education programmes to meet individual, social and labour-market needs with equity and quality. In technological education, it is generally assessed by the alignment between three elements: the graduate profile, the competences required by industry and the content of the curriculum. A programme can lose relevance when any of these elements becomes misaligned, even if its internal indicators remain sound.
Li and Jia (2024) found that the distribution of content across logistics courses did not fully match recruitment requirements in the Chinese universities they examined.
From the perspective of regional innovation systems, technological institutes have a specific role: to supply specialised human capital to local productive clusters. In port and logistics regions, international experience, including the cases of Rotterdam, Singapore and Valparaíso, indicates that a supply of engineers trained in logistics is necessary for port competitiveness, although it is not sufficient on its own (Notteboom et al., 2022).
For maritime-related university programmes, Dai and Chen (2026) identified compatibility between training plans and industry needs, alongside school–enterprise cooperation, as pertinent considerations in industry–education integration.
Dubois et al. (2026) similarly identified employer engagement and experiential learning as considerations when revising supply chain management curricula.
The literature on Logistics 4.0 describes a profile that combines established technical skills, such as route optimisation, inventory management and network design, with newer digital competences: data analytics based on machine learning, digital twins for warehouse operations, robotic automation and supply chain cybersecurity (Ivanov & Dolgui, 2022; Sheffi, 2023). In warehousing, systematic reviews document the operational benefits of these technologies alongside the barriers to adopting them, among which costs and shortages of qualified staff recur (Perotti et al., 2022; Tikwayo & Mathaba, 2023). Mohsen (2023) traces the same technologies across supply chain management more broadly. For universities, the implication is that teaching resources and software need continuous updating, providing the rationale for the modernisation measures proposed later in this article.
Belmonte et al. (2023) described an instructional approach that uses low-cost technologies to develop intelligent warehouse management skills in industrial engineering education.
In Mexico, Guadarrama Atrizco and Pedraza Amador (2025) identify a gap between the training of the logistics workforce and the sector’s requirements, using the U.S. Department of Labour’s industry competency model as a benchmark. These findings support ITC‑TecNM’s decision to maintain specialisations aligned with the region’s productive profile.
A review by Olatunji (2025) also describes the use of data-analytic methods in supply chain forecasting and inventory management, subjects that are aligned with the digital competencies discussed in this subsection.

1.2 Research Gap and Study Objectives
The evidence reviewed in this case calls for a programme-level assessment that considers regional logistics activity alongside student preferences, academic indicators, faculty resources and access to digital tools. Port activity and expressions of student interest, considered alone, cannot establish whether the proposed specialisation is supported by the institution’s teaching and technological capacities. The assessment therefore examines these dimensions together, while recognizing that the available data do not directly establish employers' competency requirements or graduate employment outcomes.
This study assesses the relevance of that specialisation by examining the institutional capacities of the Industrial Engineering programme together with the regional geoeconomic context. The analysis is organised around four axes: (1) the geoeconomic role of Colima as a logistics node; (2) the academic and institutional indicators of the programme; (3) the available faculty and infrastructure; and (4) an operational plan to strengthen the specialisation, with monitoring indicators. The empirical evidence comes from a student survey conducted in March 2026 and from a capacity study prepared by the programme's Academy of Industrial Engineering.
2. METHODOLOGY
2.1 Study Design
The study employed a convergent mixed-methods design (Creswell & Creswell, 2023). Quantitative analysis of institutional indicators was combined with qualitative documentary analysis of the regional socioeconomic context. Each strand was analysed separately, and the results were integrated at the interpretation stage.
2.2 Data Sources
Data were drawn from four sources.
Institutional capacity study. The Academy of Industrial Engineering of ITC-TecNM prepared this study in the first half of 2026 (unpublished institutional report). It is based on records from the Academic, Planning and Administrative Deputy Directorates, the Department of School Services and the Annual Results Reports for 2023, 2024 and 2025. It covers academic indicators for the four cohorts with consolidated data (2017–2026), an inventory of physical and technical infrastructure and the profile of the teaching staff.
Student survey. A ten-item questionnaire was administered in March 2026 and completed by 438 of the 460 active students in the programme (95.2%). The items covered place of origin, socioeconomic status, source of funding for studies, preferred area of specialisation, satisfaction with the programme (rated on a 1–10 scale), employment expectations and perceived attainment of the graduate profile. As coverage was nearly complete, the results describe the active student population in census-like terms rather than estimating its characteristics from a small sample. Participation was anonymous and voluntary.
Port and regional economic data. Annual container statistics were obtained from the port authority of Manzanillo (ASIPONA Manzanillo, formerly the Administración Portuaria Integral de Manzanillo) and from the statistical yearbooks of the National Port System (ASIPONA Manzanillo, 2024; Secretaría de Marina [SEMAR], 2025). The Colima State Development Plan 2021–2027 (Gobierno del Estado de Colima, 2021) and the transport statistics of the federal Ministry of Infrastructure, Communications and Transport (Secretaría de Infraestructura, Comunicaciones y Transportes [SICT], 2024) were also reviewed.
Literature review. Academic sources and reports by international organisations published between 2021 and 2026 were searched for in Scopus, Redalyc, SciELO and Google Scholar. Priority was given to studies of curricular relevance in technological higher education, Logistics 4.0 competences and labour demand in the Latin American port-logistics sector.
2.3 Data Analysis
Academic indicators were analysed with descriptive statistics, namely means and trends across cohorts. No inferential tests were applied because the survey covered almost the whole population and the cohort series is short. The link between institutional capacities and regional demand was established by triangulating the four sources. Triangulation of methods, data and sources strengthened internal validity, as findings could be examined from more than one perspective. This matters in studies of curricular relevance, where programme assessment must bring together evidence from students and faculty, institutional capacities and the socioeconomic environment. The limitations of the study are discussed in Section 3.7.

3. RESULTS AND DISCUSSION
3.1 Colima as a Strategic Logistics Node
Colima occupies a distinctive position in Mexico's logistics system. With an area of only 5,627 km², the state hosts the Port of Manzanillo, Mexico's leading container port. Official figures place its 2024 container throughput at approximately 3.92 million TEU, corresponding to 41.85% of the country's container traffic (ASIPONA Manzanillo, 2024; Gobierno del Estado de Colima, 2025). Table 1 summarises the evolution of port traffic from 2020 to 2024.
Table 1. Container traffic at the Port of Manzanillo, 2020–2024
	Year
	TEU handled
	Annual change (%)

	2020
	2,909,632
	−5.2

	2021
	3,371,438
	+15.9

	2022
	3,473,852
	+3.0

	2023
	3,699,254
	+6.5

	2024
	3,924,501
	+6.1


TEU = twenty-foot equivalent unit.
Source: prepared by the authors using historical data from ASIPONA Manzanillo (2024) and 2024 year-end figures reported by Gobierno del Estado de Colima (2025). Annual changes were calculated from the displayed TEU values.
Traffic fell during 2020 and increased in each subsequent year through 2024, as shown in Table 1. Manzanillo is among the leading container ports on the Latin American Pacific coast (Barleta et al., 2025). The port's position is tied to Mexico's trade with Asia. The country's deficit with China, Japan and the Republic of Korea grew from USD 17 billion in 2001 to USD 148 billion in 2023 (Salazar Aguilar & González García, 2025), and Manzanillo is a principal Pacific gateway for that trade. Port activity also supports a substantial labour market: ASIPONA Manzanillo (2025) reported an industry estimate of more than 35,000 direct and indirect jobs connected with port operations. This scale of activity provides a relevant context for evaluating logistics-oriented higher education, although it does not itself measure demand for graduates of the specialisation.
Public policy is consistent with this assessment. The Colima State Development Plan 2021–2027 names logistics and foreign trade as pillars of economic growth and gives priority to training specialised human capital in cooperation with the state's HEIs (Gobierno del Estado de Colima, 2021). The specialisation therefore serves an explicit objective of state policy.
The relevant labour market extends beyond Colima. Manzanillo's connections with the Guadalajara Metropolitan Area and with the Port of Lázaro Cárdenas form part of a Pacific logistics corridor with international reach. Federal transport statistics describe this wider network (SICT, 2024), which may broaden graduates' employment opportunities beyond the state's borders.
3.2 Academic Indicators across Four Cohorts
The Industrial Engineering programme at ITC-TecNM has 460 active students, plus 42 on temporary leave, for a total of 502 registered students. The programme has 46 students per full-time professor and 27 per faculty member when part-time and contract staff are included. These ratios form part of the institution's teaching-capacity assessment; the national accreditation framework also considers the adequacy of academic staff and supporting resources (Consejo de Acreditación de la Enseñanza de la Ingeniería [CACEI], 2025). Table 2 presents the main academic indicators for the four most recent cohorts with consolidated data.
Table 2. Academic indicators of the Industrial Engineering program at ITC-TecNM by cohort
	Cohort
	Entrants (n)
	Course failure (%)
	Dropout (%)
	Terminal efficiencya (%)
	Graduationb (%)

	2017–2023
	98
	14.2
	18.5
	58.0
	52.0

	2018–2024
	104
	13.8
	16.1
	59.0
	56.0

	2019–2025
	110
	13.5
	14.3
	60.0
	61.0

	2020–2026c
	118
	13.1
	12.0
	57.0d
	62.0

	Mean
	107.5
	13.7
	15.2
	58.5
	57.8


aPercentage of the entering cohort that completed all program credits.
bPercentage of the entering cohort that obtained the professional degree.
cCohort still in progress at the time of data collection; values are preliminary.
dProvisional estimate.
Source: prepared by the authors from institutional databases of the Department of School Services, academic monitoring reports and official statistics on terminal efficiency, dropout and graduation of the Industrial Engineering program, ITC-TecNM (2017–2026).
The mean course failure rate across the four cohorts was 13.7%. Dropout fell from 18.5% in the 2017–2023 cohort to 12.0% in the 2020–2026 cohort; the institution attributes this decline to tutoring and academic advising programmes introduced during that period. The graduation rate rose from 52% to 62%. Much of this increase is linked to the integral graduation option based on the professional residency project, which 95.4% of graduates choose. Terminal efficiency is an exception. It has remained between 57% and 60%, and the provisional value for the latest cohort suggests that timely completion remains a weak point of the programme.
3.3 Student Demand for the Specialisation
The survey (n = 438; coverage 95.2%) provides direct evidence of student demand for a logistics specialisation. Its main results are summarised in Table 3.
Table 3. Main results of the student survey, Industrial Engineering program, ITC-TecNM, March 2026
	Dimension / indicator
	Result
	Valid n
	Notes

	Survey coverage
	95.2% (438/460)
	438
	Administered in March 2026

	First-choice area of specialization: logistics
	27.4%
	438
	Second: quality, 24.7%; third: manufacturing, 21.3%

	Satisfaction with the program ≥ 8/10
	70.3%
	438
	Rating scale from 1 to 10

	High employment expectations
	78.1%
	438
	“Very high” plus “high”

	Main source of funding: family
	56.0%
	438
	Own employment, 29%; scholarships, 15%

	Positive perception of graduate profile attainment
	84.0%
	438
	“Don't know”, 12%; “no”, 4%


Percentages were calculated on valid responses (n = 438) from active students enrolled in the January–June 2026 term.
Source: student survey administered by the Academy of Industrial Engineering, ITC-TecNM, March 2026.
Logistics was the first-choice area of specialisation for 27.4% of students, ahead of quality (24.7%) and manufacturing (21.3%). When the related options of supply chain management and operations are included, approximately 35% of preferences are oriented towards logistics. Interest in the field is thus present within the programme itself and does not rest only on external demand. High employment expectations were reported (78.1%), and most students considered that the programme meets its graduate profile (84.0%). Satisfaction was more modest: 70.3% rated the programme 8 or above, which means that roughly three students in ten gave it a lower score. The funding data also deserve attention. Families are the main source of support for 56% of students, while 29% rely on their own employment, a circumstance that timetabling for the specialisation should take into account.
3.4 Faculty, Curriculum and Infrastructure
The core faculty consists of 17 professors, all of whom hold a first degree in engineering. Three have a doctorate, one of whom has Candidate status in the National System of Researchers (SNII), and the remaining 14 hold a master's degree. Five professors have the Desirable Profile recognition granted by PRODEP. Fifteen of the 17 (88.2%) worked in industry before joining the institution, which they did at a mean age of 31 years. Their experience provides opportunities to connect classroom activities with professional practice through competency-based instruction and Education 4.0 approaches (González-Pérez & Ramírez-Montoya, 2022; Tobón et al., 2010).
Fig. 1 shows the position of the specialisation within the curriculum. Six Sigma is taught in the seventh semester, and the other five courses in the eighth, immediately before the professional residency. The specialisation thus serves as a bridge between the core courses in operations and supply chains and the residency period in industry.
[image: ]
Fig. 1. Curriculum map of the Industrial Engineering program at ITC-TecNM, showing the six courses of the Specialization in Intelligent Logistics Systems (shaded) in semesters 7 and 8
Each box shows the course name and code; the three cells at its base give weekly theory hours, weekly practice hours and SATCA credits. Source: prepared by the authors from the curriculum of the Industrial Engineering program, ITC-TecNM.
Table 4 lists the six courses and their weekly workloads; together, they carry 31 credits under the SATCA system. The programme has faculty members with direct professional experience in each of these areas and with training in the relevant digital tools.
Table 4. Core courses of the Specialization in Intelligent Logistics Systems (INDE-SLI-2026-02)
	Code
	Course
	Ta
	Pb
	SATCA credits

	SLF-2601
	Intelligent Logistics Systems
	3
	2
	5

	SLF-2602
	Sustainable and Intelligent Engineering
	3
	2
	5

	SLD-2603
	Six Sigma
	2
	3
	5

	SLF-2604
	Cargo Logistics and Packaging Design
	3
	2
	5

	SLL-2605
	Logistics Systems Engineering
	4
	1
	5

	SLG-2606
	Intelligent Warehouse and Transport Operations Engineering
	3
	3
	6

	
	Total
	18
	13
	31


aTheory hours per week. bPractice hours per week. SATCA = Academic Credit Allocation and Transfer System.
Source: prepared by the authors from the curricular proposal of the Specialization in Intelligent Logistics Systems, Academy of Industrial Engineering, ITC-TecNM, 2026.
The programme has 18 classrooms of its own, each with a projector, an interactive whiteboard and wireless connectivity, as well as six operational laboratories and shared spaces for group work. The computer laboratory has 30 workstations and an interactive whiteboard, and another 58 general-use computers are available elsewhere in the institute. Entire class groups can therefore work with specialised software at the same time.
The analysis identified a specific technological gap. The programme has no Logistics 4.0 tools of its own, such as warehouse management systems (WMS), supply chain visibility platforms or modules for logistics data analysis. Studies of logistics competencies and engineering education highlight the relevance of digital technologies and intelligent warehousing to contemporary professional training (Belmonte et al., 2023; Guadarrama Atrizco & Pedraza Amador, 2025). This shortfall currently limits the programme's ability to provide hands-on experience with these tools. Addressing it is therefore a priority in the proposed action plan.
3.5 Industry Linkage through Professional Residencies
The professional residency is the programme's main link with the productive sector, and 95.4% of graduates use it as their route to the degree. Each residency project runs for four to six months (500 hours) in a company and addresses a real problem in that workplace. The projects also inform the curriculum. Problems encountered by residents in industry help the Academy update course content and reinforce specific competences in the classroom.
For the Specialization in Intelligent Logistics Systems, residencies with firms in the Manzanillo port cluster, such as customs brokers, logistics operators, multimodal transport companies and distribution centres, are the clearest evidence of engagement with the sector. One priority of the improvement plan is to formalise this channel through institutional agreements with port operators.
Industry linkage is also visible in the faculty profile. As 88.2% of professors have prior industrial experience, theoretical content tends to be anchored in real problems. This is consistent with the high employment expectations recorded in the survey (78.1%), although the present data do not allow a causal relationship between these factors to be established.
3.6 Operational Action Plan and Key Performance Indicators, 2026–2029
Drawing on observations from the evaluation process and the prospective analysis, the Academy of Industrial Engineering proposes the actions listed in Table 5 for the 2026–2029 period. Each action is paired with key performance indicators (KPIs) so that progress can be measured objectively.
Table 5. Operational action plan to strengthen the Specialization in Intelligent Logistics Systems at ITC-TecNM, 2026–2029
	Action
	Monitoring indicator (KPI)
	Target date
	Responsible unit

	1. Acquire an educational WMS license (SAP EWM Student Edition)
	License active; ≥ 80% of specialization students with access
	Dec. 2026
	Head of the Department of Industrial Engineering

	2. Formalize new residency agreements with operators of the Manzanillo port cluster
	Number of agreements signed; ≥ 30% of residents placed in the port-logistics sector
	June 2027
	Head of Linkage Projects

	3. Add a logistics data analytics module (Python/Power BI) to course INH-1020 Logistics and Supply Chains (Unit 5, Information Technology)
	Modification approved; ≥ 75% of students pass the module
	Aug. 2026
	Academy of Industrial Engineering

	4. Strengthen outreach to enroll at least 120 new students per year
	Annual new enrollment ≥ 120; first-year retention ≥ 85%
	Aug. 2027
	Head of Teaching

	5. Hire one research professor specialized in supply chain 4.0
	Position advertised and filled; ≥ 1 applied research project linked to the port cluster
	Dec. 2027
	Academic Deputy Directorate


KPI = key performance indicator; WMS = warehouse management system.
Source: prepared by the authors from the results of the relevance study of the Specialization in Intelligent Logistics Systems, ITC-TecNM, 2026.
The actions are ranked by their expected effect on graduate employability and curriculum renewal. The educational WMS licence and the data analytics module in course INH-1020 Logistics and Supply Chains (Unit 5, Information Technology) have the greatest potential to close the gap described in Section 3.4. Residency agreements with port operators would formalise links that are currently informal and give graduates a more consistent pathway into the Manzanillo logistics cluster. The outreach and hiring measures address two conditions for sustaining the specialisation over time: a sufficient intake of students and research capacity in supply chain 4.0.
3.7 Limitations and Future Research
The study has five limitations. First, the academic indicators come from internal institutional sources and may be subject to self-reporting bias; future work should compare them with data from the TecNM Institutional Information System. Second, although the survey reached almost the entire active population, it excluded the 42 students on temporary leave and may therefore understate the socioeconomic diversity of the group most exposed to dropout. Third, employability data for the port-logistics cluster are indirect. They were inferred from residency reports, because the programme does not yet have a formal graduate follow-up system; developing one is planned for 2027. Fourth, the regional analysis was limited to the Centro-Occidente region (Colima, Jalisco, Michoacán and Nayarit). It left out demand from other states that move goods through Manzanillo, such as Guanajuato and Querétaro in the Bajío, where graduates could also find work. Fifth, the study did not directly measure the gap between graduates' competences and those required by employers, a question that calls for an employer survey.
Three lines of research follow from these limitations: (a) a graduate tracer study with a standardised instrument to measure insertion into the port-logistics cluster; (b) a survey of logistics employers in western Mexico to map the competence gap; and (c) a comparison with TecNM institutes in other port settings, such as Veracruz, Lázaro Cárdenas and Ensenada, to identify good practices in managing logistics specialisations. Longitudinal studies would also help to track the effects of the specialisation on graduates' careers and on regional development. Another outstanding question concerns how competences in digital transformation, intelligent logistics and sustainability relate to employability and to the competitiveness of supply chains linked to the Manzanillo corridor. Such work would provide the programme with an evidence base for continuous curriculum improvement.

4. CONCLUSION
This case study indicates that the Specialization in Intelligent Logistics Systems is broadly consistent with the geoeconomic context of Colima and the training interests of Industrial Engineering students at the Instituto Tecnológico de Colima. Logistics was the first-choice specialisation for 27.4% of surveyed students, and 78.1% reported high employment expectations. Institutional records across four cohorts showed a mean course failure rate of 13.7%, declining dropout rates and increasing graduation rates. These findings, together with a core faculty of 17 professors, 88.2% of whom have previous industrial experience, provide evidence of institutional capacity to support the specialisation.
A significant limitation in provision is the absence of dedicated Logistics 4.0 tools, particularly warehouse management, logistics analytics and supply chain visibility systems. The proposed 2026–2029 action plan addresses this gap through software provision, stronger professional residency agreements, an analytics module, student recruitment and specialist faculty recruitment. Its associated performance indicators offer a basis for monitoring implementation. Nevertheless, employer competency needs and graduate employment outcomes were not measured directly. The findings therefore support an assessment of curricular relevance rather than a demonstrated improvement in employability.
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