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Abstract 

Homotopy theory is a fundamental pillar in algebraic topology and offers relevant applications across various 
scientific fields. This study conducted a bibliometric and systematic analysis of the literature related to 
homotopies and their integration into educational contexts on the basis of 59 documents retrieved from the 
Scopus and WOS databases. The results reveal an irregular temporal evolution in scientific production (1966–
2024), with notable peaks in 2008, 2012, and 2013, identifying four thematic blocks: concepts, applications, 
history, and didactic approaches. Additionally, a key finding is the scarcity of pedagogical approaches, with 
only four documents identified that employ methodologies grounded in contextualized didactics and 
metacognitive strategies. The identified gap between the theoretical development of homotopies and their 
pedagogical implementation represents both a limitation of the field and an opportunity for the development 
of innovative didactic proposals. Further exploration of approaches that incorporate interactive visual tools, 
historical perspectives, and contextualized applications to facilitate the understanding of these abstract 
concepts in educational settings is recommended. 

Keywords: Algebraic topology, Bibliometric analysis, Higher education, Teaching method 

1. Introduction

Homotopies constitute the basis of algebraic topology, providing essential results for the study of 
topological spaces under continuous deformations. Their historical evolution reflects the development 
of an axiomatic framework that encompasses the initial conceptions of Riemann and Poincaré in 
sophisticated contemporary formulations (Eynde, 1992), including categories and theorem verification, 
which has generated a growing academic interest in homotopies from theoretical conceptions to 
practical applications. 

The theory of homotopies has applications in various scientific areas, such as physics, computer 
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science, and engineering. In particular, the homotopy perturbation method has proven to be effective 
for solving nonlinear differential equations such as those that model the behavior of the pendulum 
(Beléndez et al., 2007). Similarly, homotopic stability has been used to keep a structure invariant under 
small disturbances within its homotopy class (Corvellec & Hantoute, 2002). 

Despite the theoretical development of homotopies and their multiple applications in algebraic 
topology, differential geometry, and physics, among other areas, the status of the incorporation of these 
concepts in educational contexts and the didactic strategies for teaching homotopies remain unknown. 
Given this problem, it is essential to carry out a bibliometric and systematic analysis of the scientific 
literature and answer the following questions: (i) How has scientific production related to homotopies 
evolved? (ii) What themes predominate in the scientific literature on homotopies? (iii) Are there 
pedagogical strategies and didactic methodologies for teaching homotopies in higher education? 

The objective of this research was to analyze in a bibliometric and systematic way the scientific 
literature related to homotopies and their incorporation in higher education. Consequently, this 
analysis identifies relevant topics, describes the temporal evolution of scientific production, examines 
pedagogical strategies for the teaching of homotopies, and provides a comprehensive overview of the 
current state of research in this field to facilitate understanding for other researchers interested in 
homotopy theory and its educational applications. 

From a theoretical perspective, this research allows for the systematization of information for 
future generations, promoting scientific advancement in an organized manner. From an educational 
perspective, this study addresses the urgent need to develop effective didactic strategies for teaching 
homotopies. The findings of this study will serve as a guide for redesigning the curricula of mathematics 
programs across various academic institutions, benefiting both educators and students in multiple 
scientific fields where homotopies have significant applications. 

 
2. Method 
 
The analysis of scientific production provides researchers with useful information and guides the 
trajectory of research to obtain better results.(Kaya, 2023) . Bibliometry offers a vision of the current 
state of research, allowing us to evaluate the relevance and scope of publications; it also detects metrics 
in the academic production of authors and conceptual structures that drive the evolution of 
science.(Casa et al., 2023; Díaz & Moyano, 2023) On the other hand, a systematic review makes it 
possible to collect, select and systematize the existing information on a particular topic in an objective 
and critical way.(Manterola et al., 2013; Moreno et al., 2018; Quispe et al., 2021) . 

A bibliometric and systematic analysis of the literature on homotopies and their limited 
integration in higher education was carried out, and scientific information was taken from the Scopus 
and WOS databases since they are recognized and cover diverse topics. The PRISMA diagram 
(preferred reporting items for systematic reviews and meta-analyses) was used because it is a 
methodology that guarantees transparency and replicability and facilitates the critical evaluation of 
documents in systematic review investigations.(Haddaway et al., 2022) . 

 
2.1 Search strategy 

 
The literature search was carried out in February 2025 in the Scopus and WOS databases, and the data 
were obtained via a search equation. The search equation considered the terms in the titles (homotop 
* OR "homotopy method *" OR "homotopy continuation" OR "homotopy perturbation" OR "homotopy 
analysis method" OR "homotopy theory"), and to delimit the educational context, it was considered in 
the search by summarizing the terms ("applied math *" OR "problem solving" OR "numerical solution 
*" OR didactic * OR teach * OR pedagog * OR "learn strategy" OR "higher educat *" OR universit * OR 
undergraduate OR " undergraduate course * "OR" beginning course * "OR" homotop * concept "OR" 
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simple proof "OR" learn * tool "). Table 1 shows the number of documents retrieved from both 
databases. 
 
 Table 1. Scopus and Web of Science database search equations 
 

Database Documents 
recovered 

Search Formula 

Scopus 453 (homotop * OR "homotopy method *" OR "homotopy 
continuation" OR "homotopy perturbation" OR "homotopy 

analysis method" OR "homotopy theory") AND ("applied math *" 
OR "problem solving" OR "numerical solution *" OR didactic * 

OR teach * OR pedagog * OR "learn strategy" OR "higher educat 
*" OR universit * OR undergraduate OR "undergraduate course 
*" OR "beginning course *" OR "homotop * concept" OR "simple 

proof" OR "learn * tool ") 

Web of science 217 

 
Total 

documents 

 
670 

 
2.2 Eligibility criteria 
 
A delimited bibliographic selection strategy was implemented, as inclusion criteria, scientific articles, 
conference articles, articles related to homotopies in mathematical sciences, and articles related to the 
application of homotopies related to pedagogical approaches or didactic methodologies were 
prioritized, which allowed us to focus the analysis on contributions related to research questions. On 
the other hand, books, book chapters, applications of homotopies unrelated to the educational context, 
and repeated articles from both databases were considered exclusion criteria. The PRISMA diagram for 
the selection of the scientific corpus is shown in Figure 1, and a final corpus of 59 articles was obtained 
for the respective analyses. 
 
 Figure 1. PRISMA scheme for document selectionNote. Prisma Flowchart (2025) 
 For the processing of the metadata obtained, the open source software Bibliometrix programmed in 
RStudio was used.(Duque & Cervantes, 2019)), which allows the generation of the main bibliometric 
indicators and the production of authors, such as the VoSviewer program, which is a tool that generates 
a map of the occurrence of keywords (Van Eck & Waltman, 2010). For the systematic review, a 
hermeneutical analysis of the selected literature was carried out, which facilitated the identification 
and interpretation of the themes present in the selected documents. 
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3. Results  
 
This section presents the results obtained from the bibliometric and systematic analysis. In the first 
part, the evolution of scientific production related to Homotopies is analyzed.  

In the second part, an immersion is made into the content of the scientific literature to identify 
the most explored topics in homotopy research and detect the existence of pedagogical approaches or 
didactic methodologies in the academic corpus. 
 
3.1 Bibliometric analysis 
 
The bibliometric analysis of homotopies in higher education revealed that, during a period of 58 years 
(1966-2024), academic production has evolved gradually; the bibliometric indicators are shown in 
Table 2. The 59 documents analyzed from 32 sources have an average age of 21 years and an average of 
9,203 citations per document. A clear methodological dichotomy was observed among the 83 authors, 
while 47 researchers opted for collaborative work, another 39 academics preferred an individual 
approach in their publications. With respect to conceptual development, 36 keywords were identified 
by the index, and 64 keywords were identified by the author. 
 
 Table 2. Main bibliometric indicators 
 

Description Results 

Interval of time 1966-2024 

Sources 32 

Documents 59 

Document Average Age 21 

Average citations per doc 9.203 

AUTHORS 
 

Authors 83 

http://www.richtmann.org/


E-ISSN 2240-0524 

ISSN 2239-978X 

      Journal of Educational and Social Research 

          www.richtmann.org  

                             Vol 15 No 6 

               November 2025 

 

 

 

423 

Authors of single-authored documents 36 

Authors of multiauthored documents 47 

Single-authored documents 39 

Coauthors documents 20 

Authors per document 1.41 

Co-Authors per document 1.47 

KEYWORDS 
 

Keywords Plus (ID) 36 

Author's Keywords (DE) 64 

 
 Note. Bibliometrix report processed in Excel 
 
Figure 2 shows the annual distribution of documents and their citational impact. Academic production 
was irregular throughout 1966 and 2024, with notable peaks in 2008, 2012 and 2013, where a maximum 
of 5 annual publications were reached. The first years, 1965-2006, are characterized by moderate and 
sporadic production with periods of inactivity; analogously, the citation impact shows higher values 
after 2006, with a peak of 2.19 citations per year. It is concluded that the number of jobs is not related 
to academic impact. 
Figure 2. Graph of the annual evolution and average number of citations per year of publications 
 

 
 
Source: Own elaboration 
 
Table 3 shows the distribution of the authors who have contributed the most to scientific production. 
Theriault stands out as the most productive author, with three documents and an m-index of 0.188, in 
high-impact journals such as the Kyoto Journal of Mathematics, the Publications of the Research 
Institute for Mathematical Sciencies and the Illianois Journal of Mathematics. Also identified five 
authors, Beléndes A, Beléndez T, Hernández A, Márquez A and Neipp C, who jointly published an 
article in the European Journal of Physics with a citational impact of 75 citations. Thus, academics 
Corbellec, Hantoute and Petrie each have a publication with a lower citational impact on their 
publications. 

http://www.richtmann.org/


E-ISSN 2240-0524 

ISSN 2239-978X 

      Journal of Educational and Social Research 

          www.richtmann.org  

                             Vol 15 No 6 

               November 2025 

 

 

 

424 

 
 Table 3. Production and impact of authors 
 

Author N ° 
Pub 

Total 
Cites 

m_index Star 
year 

Source Q 

Therialt S 3 43 0.188 2010 Kyoto Journal of Mathematics Q1 

2012 Publications of the Research 
Institute for Mathematical Sciences 

Q1 

2013 Illinois Journal of Mathematics Q2 

Hollander S 1 40 0.056 2008 Israel Journal of Mathematics Q1 

Beléndez A, Beléndez T, 
Hernandez A, Marquez A, Neipp C 

1 75 0.053 2007 European Journal of Physics Q2 

Corvellec J, Hantoute A 1 51 0.042 2002 Set-Valued and Variational Analysis Q1 

Petrie T 1 48 0.019 1972 Bulletin of the American 
Mathematical Society 

Q1 

 
Note: Bibliometric report processed in Excel. N° Pub=Number publications. Q=quartile 
Figure 3 presents the semantic network of keywords around homotopies, which constitutes the central 
node of the map. Theoretical terms such as "homotopy type theory", "integral", and "constructive 
mathematics" are grouped in the red cluster. Similarly, the green cluster groups the terms "category 
theory", "combinatorial theory", "computer circuits", and terms such as "4-variety" and "iterative 
methods", which are closely linked. The figure shows the connection of homotopy theory with 
mathematics, logical foundations, categories and applications. 
Figure 3. Keyword co-occurrence 
 

 
 
 Source: Scopus and WOS reports processed in VoSviewer. 
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3.2  Systematic analysis 
 
The systematic review of the literature has made it possible to synthesize thematic contributions on 
homotopies into four thematic blocks. These blocks encompass a variety of concepts, applications, 
history, and didactic approaches. This structuring not only organizes the body of knowledge related to 
homotopies but also facilitates the identification of theoretical and practical components that shape 
the current landscape of the discipline. 
Table 4 presents the first block, titled “Specific Concepts on Homotopies,” which is related to the 
theoretical aspect of homotopies. The studies agree that a homotopy continuously deforms the image 
of one continuous function into another continuous function. In this first block, various concepts 
related to homotopies were identified, such as the usual homotopy, compact and bounded homotopy, 
homotopic periodic function, homotopy exponent, types of homotopies, homotopic stability, retracts, 
homotopy groups, and categories. These were grouped into five key themes, as shown in the table. 
 
Table 4. Specific concepts of Homotopies 
 

Key Topics Authors 

Continuous Deformation: Gradually 
modifies the image of a function into the 

image of another function, preserving 
homotopic properties. The concepts 

involved are: Usual homotopy, compact 
bounded homotopy, strong deformation 

retract, homotopic exponent, homotopically 
periodic function. 

(Addas-Zanata et al., 2014; Chachólski et al., 2008; 
Doeraene, 1998; Gonzalez, 1980; Grbić & Zhao, 2011; 

Kihara & Oda, 2012; Krusb & Liebnitz, 1966; Kwasik & 
Bai Lee, 1988; Sokolowski, 2002; Su, 2003) 

 
Grouping by equivalences: Classification 

of functions through homotopic 
equivalences. The concepts found are: 
Types of homotopies and homotopy 

groups. 

(Bokor, 1991; Carchedi, 2016; Cornea, 2001; Davis & 
Lück, 2021; Ejiri, 2000; Fang & Rong, 2001; Hillman, 

1991; Hubbuck & Kane, 1985; Iriye, 2012; Ishii & 
Smillie, 2010; Kawamoto, 2013; Kim, 2008; Kozlov, 

2011; Levikov, 2016; Little, 1985, 1990; Liu, 2008; 
Lustig, 1991, 1991; Maruyama & Mimura, 1990; 

Neisendorfer, 2013; Percy, 2004; Petrie, 1972; Raptis, 
2014; Roitberg, 1983; Rubinstein & Shafrir, 2007; 

Stelzer, 2006; Thansri, 2012; S. Theriault, 2012, 2013; S. 
D. Theriault, 2010; Zabrodsky, 1972) 

Trajectory tracking: It establishes that an 
orbit can be followed by a real orbit in 
such a way that there is a controlled 

homotopy between the paths formed by 
the approximate orbits and the real orbit. 

Localized concepts: homotopic 
shadowing, homotopic index. 

(Dzedzej & Gabor, 2011; Ishii & Smillie, 2010) 

Homotopy invariant: Topological 
properties of spaces are preserved through 

homotopic equivalences. Concepts 
involved: Homotopy invariant bundles 

and homotopy stability. 

(Corvellec & Hantoute, 2002; Déglise, 2013; Fathi, 
1990) 

Categorical structure: Categories and (Berger & Moerdijk, 2013; Bergner, 2011; Cho, 2008; 
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algebras allow establishing relations and 
morphisms between mathematical objects 

by means of specific rules. Localized 
concepts: Homotopic category, Zigzag, 

chain functors, model and algebras with 
inner product. 

Chuang et al., 2021; Datuashvili, 2017; Doeraene, 
1998; Enochs et al., 2014; Hollander, 2008; Kihara, 

2014; Reutter & Vicary, 2019) 

 
Note. Future research should explore and apply diverse didactic methodologies to address homotopies 
in higher education, designing learning sequences that go from the intuitive to the formal, starting 
with concrete examples and particular cases for a better understanding of these concepts in higher 
education. 

Specifically, Doeraene (1998) provided a definition of pullback and pushout homotopies—tools 
that lead to simplified proofs of results involving the category of topological spaces and Quillen’s model 
category. Similarly, Sokolowski (2002) developed a discrete version of dihomotopy, a directed 
homotopy, complementing it with partially ordered chain homotopy as an alternative to traditional 
homotopy groups. Gonzales (1980) used homotopies in a simpler way to prove the Cauchy integral 
theorem. 

While Addas et al. (2014) based their study on torus homeomorphisms homotopic to Dehn twists, 
Khiara and Oda (2012) used a compact and bounded homotopy to derive a set of bounded and compact 
homotopies within equivalence classes. However, Su (2003) demonstrated the existence of an exact 
sequence of injective homotopy without referring to set elements. 

Similarly, Ishii and Smillie (2010) generalized Shub’s result on the topological conjugation of 
maps, indicating that the topological conjugation of an endomorphism—whether expansive or 
hyperbolic—is determined by its type of homotopy. Homotopy classes classify the various ways in 
which one space can be mapped to another, using an equivalence relation for continuous functions 
that continuously deform one space into another (Cornea 2001; Ejiri 2000; Kozlov 2011; Lustig 1991; 
Maruyama & Mimura 1990; Petrie 1972; Roitberg 1983; Rubinstein & Shafrir 2007). 

Furthermore, tipe of homotopy is a property that remains invariant under continuous 
deformation. Two homotopically equivalent spaces (with the same homotopy type) can be transformed 
into one another via contractions and stretches without needing cuts or attachments (Bokor 1991; 
Carchedi 2016; Davis & Lück 2021; Hillman 1991; Hubbuck & Kane 1985; Iriye 2012; Ishii & Smillie 2010; 
Kawamoto 2013; Kim 2008; Little 1985, 1990; Lustig 1991; Percy 2004; Raptis 2014; Thansri 2012; S. 
Theriault 2012, 2013; S. D. Theriault 2010; Zabrodsky 1972). 

Homotopic stability, on the other hand, refers to a property that preserves structure under small 
perturbations. Fathi (1990) explored this from the perspective of dynamical systems, showing that 
pseudo-Anosov diffeomorphisms possess a kind of stability even outside their homotopy class. 
Corvellec and Hantoute (2002) investigated the homotopy invariance of isolated critical points under 
deformations of functionals, establishing conditions for preserving the topology of level sets in metric 
spaces. 

Krusb and Liebnitz (1966) extended the definition of retracts to more general topological spaces, 
stating that any space containing an ANR subspace (absolute neighborhood retract) is itself ANR. 
Chachólski et al. (2008) studied the existence of homotopy exponents at all primes in H-spaces, and 
Grbić and Zhao (2011) established upper bounds for p-primary exponents. 

Consistent with these studies, Neisendorfer (2013) examined the properties of homotopy groups 
with exponents. Similarly, Liu (2008) constructed a new nontrivial family of stable homotopy groups 
of spheres. Stelzer (2006) showed that some rationally hyperbolic spaces do not admit homotopy 
exponents for their homotopy groups. Dzedzej and Gabor (2011) introduced a definition of the Conley 
homotopy index via graphical approximations, and Déglise (2013) proved Morel’s conjecture and 
identified Voevodsky’s homotopy-invariant sheaves with transfers, which enabled the definition of 

http://www.richtmann.org/


E-ISSN 2240-0524 

ISSN 2239-978X 

      Journal of Educational and Social Research 

          www.richtmann.org  

                             Vol 15 No 6 

               November 2025 

 

 

 

427 

enriched cohomologies. 
The contributions converge on the idea that homotopies enable the identification of morphisms 

or structures that share essential properties from a topological perspective, even if they are not 
isomorphic. This allows for working with more flexible equivalences in structures that permit 
continuous deformations. The homotopy category considers topological spaces under homotopy 
equivalence relations (Chuang, Holstein, & Lazarev 2021; Enochs, Estrada, & Iacob 2014), the zigzag 
category connects objects through morphisms alternating direction (Reutter & Vicary 2019), the chain 
functor category handles transformations between chain complexes (Datuashvili 2017), and the model 
category organizes morphisms according to specific axioms (Berger & Moerdijk 2013; Bergner 2011; 
Doeraene 1998; Hollander 2008; Kihara 2014). Finally, Cho (2008) provided conditions for homotopy 
equivalence of algebras with inner products. 
 
Table 5 presents the second block, titled “Applied Homotopy,” which refers to the area that uses 
homotopic tools to solve problems in other scientific and engineering domains. Studies have shown 
several homotopic methods addressing problems in these fields. Mortberg (2021) provided a 
constructive interpretation of Voevodsky’s univalence axiom in homotopy type theory via a cubical 
method, and Ljungström (2024) solved an open problem in which the smash product forms a monoidal 
structure in the universe of pointed types. Moreover, Gomez and Font (2012) applied homotopy 
methods to compute complex multicomponent distillation results, offering an efficient alternative to 
traditional methods. Similarly, Beléndez et al. (2007) used the homotopy perturbation method to solve 
a nonlinear differential equation modeling the oscillations of a simple pendulum. 
 
Table 5. Applied Homotopy 
 

Homotopic tools Authors 

Homotopic Type Theory (HoTT): Combines type theory 
from computer science and homotopy theory. 

(Ljungström, 2024; Mörtberg, 2021)  

Homotopy method: this method transforms a problem of 
higher complexity into a simpler problem using homotopies, 
the continuity of the homotopy guarantees that the solution 

is not lost during the transformation. 

(Gómez & Font-Escamilla, 2012)  

Homotopy perturbation method: This method is used to 
solve nonlinear differential equations, combining homotopy 

and perturbation techniques. 

(Beléndez et al., 2007)  

 
Note. Future research should explore how these tools can be incorporated into curricula, encouraging 
electives or seminars on applied homotopy in higher education. 
Table 6 presents the third thematic block titled “Historical Origin of Homotopic Paths.” A single article 
was identified in the literature that addresses the history of homotopic paths, highlighting the limited 
availability of studies that explore this topic from a historical perspective. Despite being a solitary 
finding, its inclusion contributes to understanding the conceptual expansion of the subject. 
The historical evolution of the concept of path homotopies reveals how this notion originated and 
developed over time and how mathematical ideas emerged, driven by the interests of researchers such 
as Riemann, Jordan, and Poincaré (Eynde 1992). Historical origin should be regarded as a didactic tool 
in classroom settings since students exposed to historical methods tend to achieve greater conceptual 
understanding and an enhanced capacity to convey knowledge (Clark et al. 2019). 
 
Table 6. Historical origin of homotopic roads 
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History Authors 

The concept of homotopy of paths shows how mathematical ideas arose motivated 
by the interests of researchers such as Riemann, Jordan and Poincaré. 

(Eynde, 1992)  

 
Note. Future research should incorporate a historical view that highlights the importance of teaching 
homotopies by allowing students to understand their genesis, the problems they seek to solve and how 
they relate to other scientific areas. 
Table 7 presents the didactic methodologies and pedagogical approaches that have been integrated 
into higher education. Four articles were identified in the scientific literature, which indicates that 
educational homotopy remains underexplored despite its relevance in the field of mathematics. The 
table outlines two approaches aimed at teaching complex mathematical concepts, such as those related 
to homotopy. On the one hand, contextualized didactics are identified—a methodology that organizes 
the teaching process on the basis of practical situations, facilitating understanding through concrete 
examples. On the other hand, a metacognitive strategy is identified, in which Ljungström (2024) 
employs informal heuristics to simplify complex proofs, allowing students to reflect on their own 
learning process. 
Mörtberg’s (2021) work demonstrates how recent developments in homotopy type theory can be 
approached from an educational perspective. Although structured as a compendium of lectures, its 
design is clearly pedagogical, incorporating guided exercises, visual aids, and the use of the proof 
assistant Cubical Agda. Similarly, the works of Beléndez et al. (2007) and Gómez and Font (2012) 
address complex nonlinear problems, such as the nonlinear pendulum and multicomponent 
distillation. In both cases, the homotopy and perturbation methods are presented in ways that can be 
effectively explored in the classroom through contextualized problem solving. 
 
Table 7. Pedagogical approaches and teaching methodologies 
 

Pedagogical approaches and didactic methodologies Authors 

Contextualized Didactics: Methodology that offers an organized 
process for teaching and learning the homotopy perturbation method 

for a nonlinear pendulum problem, using examples and practical 
applications for the understanding of mathematical concepts. 

(Beléndez et al., 2007; 
Gómez & Font-
Escamilla, 2012; 
Mörtberg, 2021)  

Metacognitive strategy: The author focuses on an informal heuristic 
for simplifying complex demonstrations, which could be classified as a 

metacognitive strategy. 

(Ljungström, 2024)  

 
Note. Develop curricular proposals that include didactic methods in mathematical modeling subjects 
or are related to applied mathematics in higher education. 
 
4. Discussion 

 
The results show an irregular temporal evolution in the scientific literature related to the subject 
between 1966 and 2024, with notable peaks in 2008, 2012 and 2013. Theriault is the author with the 
highest number of contributions to homotopic theory with the types of homotopies. However, 
Beléndez et al. (2007) proposed a didactic method based on the homotopy perturbation method to 
solve a nonlinear differential equation that models the oscillations of the pendulum. Similarly, the 
semantic network reveals a map with ramifications for the theory of homotopies of types, prevailing in 
the concept of homotopies. The term “iterative methods” for homotopies corresponds to that proposed 
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by Gómez and Font (2012) on its usefulness in complex problems of engineering, connecting 
mathematical theory with applications. 

An important finding of the study is the limited presence of pedagogical approaches or didactic 
methodologies related to the teaching of homotopies. There is a shortage of empirical studies on the 
effectiveness of such approaches. Among the 59 articles analyzed, only four address didactic 
methodologies, which highlights a significant gap between the theoretical development of homotopies 
and their incorporation into the educational context. This situation corresponds to Beléndez et al. 
(2007) and Gómez and Font (2012), who emphasize that homotopic methods are valuable tools for 
teaching courses in higher education; likewise, Eynde (1992) noted that historical evolution and 
understanding of the concept of homotopies could enrich the teaching of the concept. 

Finally, the identification of the existing gap between the theoretical development of homotopies 
and their integration in the educational context is the main contribution of the study. In addition, it 
provides a systematic basis for future research, and researchers are interested in enriching the didactics 
of this mathematical theory; in particular, homotopies do not remain invisible in university 
mathematics education. On the other hand, the classification of the literature into four thematic blocks 
could guide curricular development with specific lines of research. 

4.1 Theoretical and practical implications 
From a theoretical perspective, this research is a systematization of the literature related to homotopies 
categorized into four thematic blocks: concepts, applications, historical evolution and didactic 
approaches. This classification is a theoretical reference that could guide future curricular designs of 
university academic programs related to homotopies. The identification of only four articles with 
pedagogical approaches out of the 59 documents analyzed highlights a limitation that requires 
immediate resolution. 

In the practical sphere, this research suggests the implementation of didactic tools such as 
interactive visualizations to represent continuous deformations, contextualize the theory through 
applied problems, and deepen the study of didactic methodologies and metacognitive strategies to 
address theoretical concepts of homotopies and complex demonstrations. . University institutions 
should incorporate specific modules on homotopies in mathematics and related engineering courses, 
implementing innovative pedagogical approaches. 

 
4.2 Limitations and future studies 
 
The restriction to only two databases (Scopus and WoS) could be a limitation of the present research, 
since it excludes relevant literature from other academic sources. The search equation, despite being 
precise, might not capture all the terminological variants, and the scarcity of documents on pedagogical 
strategies for teaching homotopies limits the depth of the analysis. 

Future studies should develop specific didactic proposals, including technological tools, and 
evaluate their impact within the classroom. Designing learning sequences that go from intuitive 
examples to formal structures and evaluating their impact through empirical studies in university 
settings are recommended. It would be important to integrate the historical evolution of homotopic 
concepts, following the work of Eynde (1992), in addition to developing contextualized didactic 
materials to facilitate the understanding of related concepts and methods on homotopies. 
 
5. Conclusions 

 
The literature review conducted has enabled the characterization of scientific output on homotopies 
over a span of six decades, revealing an irregular development with periods of higher and lower 
academic activity. Notably, the last two decades have seen increased academic engagement. 
Thematic contributions were categorized into four main blocks: specific concepts of homotopies, 
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homotopic applications, historical origins, and pedagogical approaches. This classification 
encompassed both theoretical and applied aspects in science and engineering, as evidenced by the 
semantic network, which confirmed this theoretical–practical duality through clearly differentiated 
terms, thereby demonstrating the versatility of homotopies in mathematics. 

The scientific production revealed a scarcity of studies addressing pedagogical and 
methodological approaches for teaching homotopies in higher education. Of the 59 documents 
analyzed, only four focused on didactic methodologies, highlighting a gap between theoretical 
developments in the field and their integration into educational contexts. This situation represents 
both a challenge and an opportunity for the development of targeted didactic proposals that can 
facilitate the understanding of these abstract concepts in educational environments. 

The review has identified several incipient pedagogical approaches, such as contextualized 
didactics on the basis of practical applications and metacognitive strategies that use informal heuristics 
to simplify complex demonstrations. The works of authors such as Beléndez et al. (Beléndez et al., 
2007), Gómez and Font (Gómez & Font-Escamilla, 2012), Mörtberg (Mörtberg, 2021) and Ljungström 
(Ljungström, 2024) offer potentially valuable methodological approaches for the teaching of these 
concepts, although their reduced number confirms the need for further development in this area. The 
historical approach proposed by Eynde (Eynde, 1992) also emerges as a potentially enriching strategy 
for the conceptual understanding of homotopies. 

Finally, this research contributes to the field by systematizing the existing knowledge about 
homotopies and demonstrating the need to build bridges between theoretical research and educational 
practices. The proposed thematic classification can serve as a guide for curriculum development in 
higher education, while the identification of the pedagogical gap establishes a clear agenda for future 
research. The development and evaluation of specific didactic proposals that integrate interactive 
visual tools, historical approaches and contextualized applications should be deepened, thus 
facilitating the understanding of these abstract concepts and their practical application in various areas 
of knowledge. 
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