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Abstract

The goal of this research is to analyze the factors that mediate the success of the
use of online learning support platforms, based on the perceptions of a focus group
of university professors, with a qualitative methodological approach. The sample
consisted of 11 mathematics professors who taught three subjects to 9 240 incoming
students, during seven semesters between 2018 and 2021. Through open coding,
17 factors were identified that mediate the success of the online learning support
platform. Through axial coding, 5 categories were determined that summarize the
relationships between the different factors, namely: obstacles, impediments that
teachers must face when teaching; teacher contribution, factors that indicate the
added value that teachers find in the classroom from the implementation of online
training; student, reception given by students to the online training; reinforcement,
factors related to the medium used to develop the online training; platform, fac-
tors related to the strategy itself and how to improve it. Finally, through selective
coding, it was possible to integrate and redefine the central categories, obtaining
as a result an implementation model of the online platform, which can explain and
contribute to the success of other similar experiences at the university level.

Keywords Focus group - Grounded theory * ICT - Mathematics learning -
University professors

1 Introduction

Information and Communication Technologies (ICT) facilitate the use of virtual per-
sonalized training environments that can be massively implemented (Lawrence & Tar,
2018), such as the online platform to support learning subject of this research. This
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platform is free and interactive, it is channeled through Khan Academy, and it repre-
sents an initiative that promotes autonomous learning to strengthen the mathematical
knowledge required at higher education level and, in turn, improve the academic
performance of incoming students (Courtney et al., 2022a; Diaz & Rueda-Gémez,
2020; Mullen et al., 2021). To foster a successful relationship between students and
an online platform, offering a proper infrastructure for users is crucial (Akbari et al.,
2022; Gray & Lindstrom, 2019). For instance, it may be beneficial to conduct work-
shops or training sessions that focus on introducing students to the virtual tools and
incorporating them into the university curriculum (Akbari et al., 2023). By ensuring
that the online environment is well-suited to students’ requirements and is backed
by competent administrators, students will be encouraged to engage more actively.
In this sense, Gray and Lindstrom (2019) explain that to successfully integrate Khan
Academy into teaching activities, it is crucial to introduce it in a hands-on session,
use external motivators to engage students, help them understand the learning ben-
efits of Khan Academy, utilize it to optimize teaching activities, and consider its
role as a valuable addition to the toolkit of learning resources. Besides, students’
computer self-efficacy also influences the use of online learning (Akbari et al., 2022).
From the teachers’ point of view, these types of platforms also offer benefits (Mullen
et al., 2021). For example, Courtney et al. (2022b) present the case of a teacher who
uses Khan Academy to generate her course notes because she knows that this online
platform is familiar to students from their pre-college days. Despite the potential ben-
efits of online teaching, teachers may develop unfavorable attitudes towards working
in digital environments due to feelings of frustration, incapacity, or limitations (Mul-
len et al., 2021).

In the Unidades Tecnologicas de Santander, a Colombian higher education insti-
tution, it was considered whether more autonomous learning from the incorpora-
tion of ICT could serve as a factor to reduce the high cancellation and loss rates
in mathematics subjects, offering incoming students the opportunity to cover their
training gaps through Khan Academy. Thus, an online platform to support learning
was designed with the participation of the mathematics teachers teaching the subjects
Basic Mathematics and Mathematics I at the Faculty of Socioeconomic and Business
Sciences, and Higher Algebra at the Faculty of Natural Sciences and Engineering.
So far, the platform has been massively implemented (9 240 incoming students) and
periodically (during seven consecutive semesters). To the best of the authors’ knowl-
edge, the analysis presented in this document can be regarded as groundbreaking.

Data regarding performance and its relationship with students’ self-concept were
analyzed in Rueda-Goémez and Rodriguez-Muiiiz (2020) and Rueda-Gomez et
al. (2023). From that analysis and given that students with similar characteristics
obtained different results in the same subject, the need to identify which factors inter-
vene and promote success in the efficient use of the platform arose. Therefore, the
question that guides the research is: what factors mediate the success of the use of
online platforms to support learning, according to the perception of teachers who
teach subjects in the area of mathematics? In this sense, success is understood as
those elements that improve academic performance, increase students’ mathematical
self-concept, awaken their motivation, and promote classroom participation, among
others.
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2 Theoretical framework

ICT has made massive inroads into the educational scenario, generating the need to
seek strategies to expand the creation, adaptation, and application of pedagogical
designs. Thus, blended learning models have emerged from the need to add face-to-
face to the already-known e-learning and, in turn, add virtuality to traditional peda-
gogical models (Geng et al., 2019; Valverde-Berrocoso et al., 2020). The present
study is framed within the blended learning model called the face-to-face conductive
model, in which most of the training takes place in the classroom and online resources
are used as an additional tool (Gray & Lindstrom, 2019; Rasheed et al., 2020).

The need to reinforce the previous mathematical knowledge of students entering
higher education is a common concern worldwide (Biichele, 2020; Rodriguez-Muifiiz
et al., 2020). Previous research reports multiple elements that directly affect the
activities for facing this growing problem, such as students’ previous knowledge and
affective domain regarding mathematics (conceptions, attitudes, values, self-concept,
etc.), teachers’ motivation, training and, stability, the proper identification of stu-
dents’ difficulties, the leveling of knowledge or the use of online platforms and mea-
sures of effectiveness (Bafieres et al., 2023; Beltran-Pellicer & Godino, 2020; Castro
Lopez et al., 2020; Mello-Roman & Goémez-Chacon, 2022; Rodriguez-Muiiz &
Diaz, 2015; Rueda-Gomez et al., 2023). Different higher education institutions have
designed and implemented virtual learning environments with interactive modules
that have resources, such as videos, summaries of the theory, exercises of examples
solved step-by-step, and evaluative questionnaires, among others, to level incoming
students’ mathematical knowledge. Some examples are described below.

In the Ibero-American context, Benavidez Lozano et al. (2019), Hernandez et al.
(2018) and Ramirez (2012) analyzed the creation of their own material, the use of
technological resources, such as Moodle or EdX, to organize a digital learning envi-
ronment, and the voluntary completion of a course by students, although with differ-
ences regarding the implementation of the strategy. For example, at the University
of Alicante (Benavidez Lozano et al., 2019) and at the Catholic University of Chile
(Hernandez et al., 2018) they opted for a self-taught and purely virtual methodology
without the teacher being part of the process. While at the Universidad Central de
Venezuela, they opted for face-to-face sessions in a computer room with the teacher
playing the role of mediator (Ramirez, 2012). On the other hand, in Benavidez Loz-
ano et al. (2019) and Ramirez (2012), the design focused on strengthening previous
knowledge, while in the case of Hernandez et al. (2018), previous knowledge and
contents of the university subject were combined. Despite these differences, these
authors concluded that the completion of an online course to support learning has a
positive impact on students’ academic performance.

In the German context, the study by Hasan et al. (2020) at the University of Kas-
sel indicated students’ participation as one of the success variables of the leveling
courses, reflected in attendance and in the development of the proposed activities.
In the United States, Dey’s (2018) study corroborates that participation in leveling
courses depends on more difficult observable variables, such as students’ motivation
and previous skills. Furthermore, Dey (2018) pointed out that ignoring these vari-
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ables in the implementation of the course can bias the success of the strategy, sug-
gesting the design of bonus policies that encourage students to develop the course.

There are different Open Educational Resources (OER) that institutions can incor-
porate into training processes (Hung et al., 2019; Otto, 2019), such as, for example
Procomtn, Curriki, or Open Education Europe. Also noteworthy is the Khan Acad-
emy platform, which promotes personalized learning, allowing students to advance
at their own pace in the completion of activities accompanied by videos, theoretical
and interactive summaries, and practice problems, rewarding good performance with
badges like those of a video game (Arruabarrena et al., 2021; Diaz & Rueda-Goémez,
2020; Mariano-Dolesh et al., 2022; Vidergor and Ben-Amram, 2020). In addition,
the Khan Academy website offers software that generates instant feedback on the
answers and the step-by-step solution for each exercise (Vidergor & Ben-Amram,
2020). Khan Academy has a learning system based on artificial intelligence that
allows identifying strengths and weaknesses in learning through mastery challenges
that allow increasing or decreasing, on the one hand, the overall performance in a
course and, on the other hand, the level of the different skills assessed (Radcliffe et
al., 2016). Once students answer the questions without making mistakes, the platform
automatically recommends new topics according to the level and previous knowl-
edge mastered so far, thus allowing the self-regulation of learning (Rueda-Gémez &
Guzmén-Duque, 2018).

3 Methodology

The research design was based on the use of focus groups (Cohen et al., 2000) for
data collection and grounded theory (Glaser & Strauss, 1967) for the qualitative anal-
ysis, using MAXQDA®, version 2022 (Kuckartz & Rédiker, 2019).

3.1 Context

The online platform to support learning that motivates this research has been imple-
mented in a Colombian higher education institution since the second semester of
2018 during seven semesters and is called “PREIN online training”. A group com-
posed of three teachers supported each training implementation. The functions of the
support group were to involve and accompany teachers throughout the implemen-
tation process, as well as to execute and measure the impact of the strategy in the
classroom. This training was based on the face-to-face model described above and
involved the participation of teachers of three mathematics subjects: Basic Math-
ematics, Mathematics I, and Higher Algebra, taught in university studies of business
administration, accounting, finance, fashion design, sports, and various engineering
(electronics, electromechanical, environmental, industrial, electrical, telecommu-
nications, systems, surveying), covering a wide variety of student profiles (Rueda-
Gomez et al., 2023).

Students had access to the web page (https://preinuts.es.tl/), which contained
instructions on the enrollment process and a description of the online training. Pre-
vious research highlights the positive impact of PREIN online training on students’
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academic performance, reflected in increased pass rates and reduced cancellation and
loss rates (Rueda-Gomez & Rodriguez-Muiiiz, 2020). In addition, preliminary stud-
ies also show that students’ academic performance is directly related to mathematical
self-concept, progress in PREIN online training, and other socioeconomic factors
(Rueda-Goémez et al., 2023).

3.2 Focus group composition

The random selection of participants from a population of 60 mathematics teachers
initially yielded a sample fraction of one-quarter of the population, equivalent to 15
teachers. This sample size was chosen to generate a more intense and detailed con-
versation. Each teacher was called in advance, on several occasions, and by differ-
ent means: e-mail, text message, or telephone call. To facilitate attendance, a virtual
meeting was planned, using Microsoft Teams®. Eleven of the 15 invited teachers
participated, of whom 63.6% were women, 72.7% had a master’s degree, 9.1% had
a doctorate and the rest were currently studying for a master’s degree. The sample
was organized into three focus groups, one per subject, with three or four teachers
each. All the focus group participants used Khan Academy for the seven consecutive
semesters during which the online platform to support learning was implemented. A
meeting was organized for each focus group at the end of the seven semesters.

3.3 Script preparation

A preliminary script of 16 questions was designed. The instrument was then refined
by two experts and consequently reduced to 12 open-ended questions. These ques-
tions refer to those factors that, according to the results of previous research, mediate
the success of the use of online platforms to support learning (Benavidez Lozano et
al., 2019; Dey, 2018; Hasan et al., 2020; Hernandez et al., 2018; Ramirez, 2012).
Subsequently, a pilot study was conducted with the support group leading the PREIN
online training to assess the form, sequence, and content of the script. None of them
intervened in the subsequent focus groups. The result was to keep the 12 questions
but to change the order, to make the meeting with each focus group more pleasant,
starting with general questions and ending with specific questions (Table 1).

3.4 Data collection process

Focus groups are a qualitative research technique whose purpose is to learn about
the attitudes, beliefs, experiences, and reactions of participants regarding the same
process (Cohen et al., 2000; Reisner et al., 2018; Wilson, 1997). The central axis of a
focus group is the analysis of commonalities and differences in participants’ opinions
(Salcines-Talledo et al., 2022). One advantage is the interaction among members.
Since they are similar to each other, an atmosphere of trust conducive to promoting
self-confession is generated (Biggeri et al., 2020). The open and non-directive nature
of the conversation offers flexibility to the educational researcher to explore new
topics not previously contemplated (Harackiewicz & Priniski, 2018) and, although it

@ Springer



Education and Information Technologies

(S107) ze1q 2% ZIUNN-zanSLIpoy (T107T) zZoIwey

(6107) 'Te 30 Suny

(S107) ze1q 29 ZIUNA-ZonSHPoY

(6102 Te 32 Suny (0Z07) 'Te 32 ueseH (8107) A2

(8107) anbnQg-ugwzny

29 ZowWoH-epamy {(S107) Zeld % ZIUNN-ZonSLIpoy {(0207)
weny-uog pue Jo3I9pIA {(6107) Te 10 Suny {(8107) Ao
(£200) 'Te 10 ZowonH-epany (8107)

anbn(-ugwzng 7p ZoWoH-epany ($107) Zeid % ZIUnN
-zan3upoy {(6107) e 1° Suny (0707) ZowoDH-epany % Zelq

(S107) ze1q 2 ziunN

-zangupoy {(7107) zonwey (6107) Te 3 uny (8107) £
(S107) ze1q 2% ZIUNN-Zan3LIPOY (T10T) ZoNwey

(8107) 'T& 30 ZopupwIoH (6107) & 30 OULZO'] ZOpIABUSY
(€207) 'Te 12 Zowon-epany

£(810¢) enbn-ugwzng 23 zowonH-epany (S107) zeld %
ZIUNIN-ZonSHIpoy H(9107) Te 10 dFIopey (6107) Te 10 Suny
(8107) anbn-ugwzny) 79 zowoH-epony

{(0202) Te 3 padysey (6107) 0O (6107) ‘Te 30 Suny
.AwﬁONv .ﬂ& 19 N@ﬁﬁﬁﬁﬁ@m Aoﬁomv .ﬁw 39 ouezo| Noﬁ_\/.mcum
(0202) e 12 0soo01g

-9pIdATEA {(STOT) ZeId 29 ZIUNN-ZanSLIPOY (T107T) Zoawey
(£202) T 10 zowonH-epany {(6107) 'Te 1 Suny (8107) Lo
{(0202) 'Te 1 zadoT omse) {(0TOT) OUIPOD) 29 JAJI[[OJ-UBIog

Sururer],

yoddns uewny

uonedionteg

uonoeay

uonnqLIuo))
UOTJBAT)OW
OISULIXF
uoneAROW
orsuLuy

amponng

dn-mof[oq

SASIAIXH
SO3PIA

K3o[opoyIoN

Ureuwiop ANy

(owm-rear ur ssa1301d Jo oFejuadrad pue snie)s JUSW[[OIUD JIAY} SHUIPNIS INOA MOYS
ued nok yey) os wope[d Awopeoy ueys 9y} UO SUIUTEI) OAIIII 0} AYI] NOA PINOA\
{PATIJJ9 9q A391BMS ST} P[NOD MOH "SISYIO JOJ JOU PUB SISINOJ JWOS 10J PIYIOM
A3o1enS 9Y) IOYOBI) dWes ) 10J YOIYM Ul $9SBD Surpuy ‘s1dy3o ur jou pue sdnoid

QWOS Ul S}[NSaJ 9ALS 9s1n09 1od (Juopnys 1oddns) Joyruowr e Jursooyd jo A391ens oy
(Suturen aurfuo NI 9y Jo judwdo[oAap dy3 doudnyur wers
-o1d orwopese 10 (JYS1u J0 Aep) o[NPIAYDS SSB[O JO SI[qRLIEA Y} JBY) JOPISU0d Nok o

(Suturen surjuo NITYd Jo yuowdo[oaap oy} 9A10919d sjuapmys yuIy) nok op Moy

31 uonuow ased|d 2oud
-11adxa oyr10ads Aue oAry NOA JT (10U 1o syIom Sururen duruo NIgYd July) nok oq

Bururen aurjuo NIgyd oy

93E) 0] SJUIPNIS AJBATIOW 0} J9JO NOA Op (JISULXD IO JISULIUL) JATIUOUL JO odA) Jeyp
;3ursstw st Jey A\ (109[qns ayy 103 eridoxd

-de 110409 yoea 10J Sururen auruo NI dd 24} JO SIUN dNBWAY) Y} JO 2IMINIS Y} S|

(191s9was ay) SuLmnp Awopeoy
ueyy] Jo asn oy Surp1esal syuapnIs YiIm ysijqelsd noA op UONIBINUI JO PULY JBYM

({punoj nok oAey sofejueApe Jo/pue sofejuea

-PESIP JBUA\ (SOSIOIOXD JO/PUE SOIPIA AWAPEOIY UBY 9sh NOK op ‘suosso oy Surng
(Poueunioyiod

JIWIOpedE SJuapNIs uo oedur ue sey ASojoporowr Juryoed) oy} ey JuIy) nok oq
(-39 ‘quaAjos

‘2IND3SUI ‘SNOTXUE “YUIPYUOD) SOIBUWISYILU Ul SOA[ISWAY) MIIA SJUIPNIS OP MOH

($102) 1 % ZIUNN-ZoNTLIPOY agpojmouy
$(8102) £2@ (0Z0?) ‘Te 19 zodoT omse) {(0z0T) dreyong SNOTAJIJ (AlTeonewdyie sjuopnys INoA aIe MOH
SOOURIJY s10)0€] suonsane)

suonsanb dnoi3 snooq | ajqel

pringer

Qs



Education and Information Technologies

lacks statistical representativeness, the focus group offers information of high subjec-
tive validity (Morgan, 1988).

A session was held for each focus group, developed in three stages: introduc-
tion, discussion, and closing. In the introduction, the purpose of the meeting was
explained, rules of interaction among participants were established, and consent was
requested to record the meeting, emphasizing the confidentiality of personal data. In
the discussion, each of the 12 questions was posed, allowing the active participation
of all those involved in the dialogue and debate of general and specific issues, without
raising other questions outside the script. At the closing, the main themes identified
were highlighted, how the results were going to be used was explained, and special
thanks were expressed for the voluntary participation of the teachers. Each of the
three meetings lasted one hour and fifteen minutes.

3.5 Data analysis process

Grounded theory uses an inductive method to discover theories, concepts, hypoth-
eses, and propositions starting directly from the data (Glaser & Strauss, 1967; Strauss
& Corbin, 1997). It was developed in three stages: description, coding, and constant
comparison. The description consists of the transcription of the conversation and
allows the identification and ordering of key concepts. The coding can be open, axial,
or selective. Open coding creates a system of codes containing the properties of the
key concept. Axial coding groups the codes around axes or categories. Selective cod-
ing makes it possible to integrate and redefine the central categories through their
conceptual and theoretical relationship to each other. The constant comparison con-
sists of the continuous comparison of similarities and differences between incidents
identified during coding to find patterns and generate explanatory models or theories
to interpret the data.

In our case, these phases took place as follows. After the meeting, a transcription
of the recordings was made with the typification of the interventions of each partici-
pant and of the moderator. Afterward, the keywords or concepts addressed were char-
acterized. Initially, open coding was carried out, from which the codes for each key
concept emerged and the segments of the text were classified. For example, the code
videos allowed the grouping of all the segments related to the recordings available
in Khan Academy. Through axial coding, the relationship and similarity between the
different codes were observed and categories were created. With selective coding,
the categories were integrated, generating central ideas, which allowed the formula-
tion of a theoretical model that explains the interactions between the moderator, the
participants, and the online platform to support learning. At the end of each coding
stage, a triangulation phase was carried out between the three researchers. In the con-
stant comparison, patterns were sought based on the results of the research and the
theoretical framework, in order to propose an explanatory model of the impact of the
online platform to support learning in mathematics.
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4 Results

In this section, the codes and categories resulting from the qualitative analysis of the
focus group transcripts are described.

4.1 Open coding

Data were grouped in 17 codes, shown in Fig. 1, with size proportional to their fre-
quency of occurrence in the focus group. In descending order of importance, a brief
analysis of each code is given below.

4.1.1 Extrinsic motivation

Extrinsic motivation is the system of prizes or rewards that teachers give to stu-
dents for their participation in the online platform to support learning. All teachers
agreed that it should be materialized through a contribution to their mark according
to the percentage of progress. Even though they managed different percentages (rang-
ing from 5 to 35% of the mark in the subject), teachers assured that the incentive
increases students’ participation:

In the first implementation, I considered students’ work in the online platform
to support learning as optional and participation was awful in all my groups.
Then I assigned to this work 30% of the grade of the subject and participation
increased.
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Fig. 1 Focus group code cloud. Own elaboration
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Teachers also referred to the inclusion of gamification methods, like energy points,
medals, and avatars as a successful strategy to encourage and increase autonomous
work in incoming students.

4.1.2 Contribution

This code refers to the contribution of the online platform to the mathematics teach-
ing-learning process. It highlights technological aspects such as the interactive aids
available to students at Khan Academy: videos, exercises with instant feedback, step-
by-step hints for solving the exercises, and explanatory texts with examples:

This makes the lessons more interactive, dynamic and facilitates the way of
teaching.

Four participants mentioned that students can strengthen gaps in mathematical previ-
ous knowledge, given that Khan Academy covers the thematic axes of the area at all
educational levels. Two teachers stated that:

This strategy is a different way of learning the thematic axes of the subject with
didactic tools more in line with the resources currently used by students where
they can autonomously strengthen previous knowledge, topics seen in the sub-
ject and even get ahead of topics that have not yet been seen.

One participant added that online training reduces the educational gap, enriches
participation, and reduces heterogeneity in the learning level of incoming students.
Another noted that:

Khan Academy’s videos promote mathematical communication between stu-
dents and teachers, since by reinforcing topics seen in class, they have tools
to generate academic debate around different ways of approaching the same
exercise.

This was supported by the anecdote of a participant who, after 20 years of teach-
ing experience, was asked for the first time to explain the factoring of trinomials
by the simple root method in a different way than the one explained in class. This
teacher reiterated the constant challenge of updating and dynamization that the plat-
form leads to regarding teaching. One teacher affirmed that the online platform goes
beyond obtaining a grade, rather encourages students to go beyond.

4.1.3 Follow-up

This code contains the systems for reminding students of the goals of the online
training. Three phases were identified. The first consisted of continuous verbal and
written announcements of the activities performed in the PREIN online training. The
announcements were made on a class-by-class basis, weekly, and/or at the begin-
ning of each cohort, depending on the teacher. A second phase was developed during

@ Springer



Education and Information Technologies

the autonomous work performed by the students outside the classroom on the Khan
Academy platform. To follow up on these activities, students had access to the infor-
mation page of the online platform (https://preinuts.es.tl/), where they had instruc-
tional videos about the training, progress goals, and deadlines for progress reports to
teachers. There was a third follow-up phase in which students raised doubts during
the lesson and the teacher solved them. This moment was handled in different ways,
depending on the teacher. For example, one participant indicated that:

In these cases, I guide the students on how to approach the exercise but did not
give them the answer.

Another teacher stated that:
I share the exercise on the board and explain the solution.
A third teacher explained that:

I give bonuses to the student who explains the exercise to his classmates.

4.1.4 Previous knowledge

This code refers to students’ previous mathematical knowledge at the time of enter-
ing higher education. The teachers unanimously emphasized the lack of leveling in
the basic mathematical concepts. According to two participants, incoming students’
level of performance presents serious deficiencies, particularly in mathematics,
which promotes heterogeneity in the classroom: students with fragile, fragmented,
and unconnected previous knowledge, together with students with solid and intercon-
nected previous knowledge. This heterogeneity becomes an obstacle for classroom
management.

One teacher also identified a low reasoning level, evidenced by the students’ poor
ability to argue, formulate, interpret, and represent. This teacher suggested that mak-
ing students aware of the need to be self-taught through academic demands from day
one helps to manage heterogeneity. Another participant asserted that:

Students have mathematical skills but lack the awareness to understand that
they are at a higher level and remain in the school trend, further deepening their
shortcomings.

Precisely, a teacher argued that the automatic promotion law implemented by the
Colombian Ministry of National Education (Rueda-Gomez & Rodriguez-Muiliz,
2020) has increased the educational gap, generating a cycle of gaps, discouragement,
and frustrations in the formative process in mathematics. Additionally, he mentioned
that the lack of practice causes students to easily forget processes and have more
deficiencies in basic operations. Another participant argued that students become
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demotivated from learning mathematics because they do not visualize its application
in real-life situations.

4.1.5 Videos

This code refers to the explanatory videos available on Khan Academy. The teachers
stated that students bring up Khan Academy’s videos during classes, through state-
ments such as “just like they explain it in Khan” or “in Khan, they explain it in a
different way”. These comments led one teacher to say that it was the students who
motivated him to review the videos and exercises on the platform to incorporate them
in class. According to another participant:

Working outside the classroom makes it possible for students to bring part of
the knowledge to the class, making instruction easier and more interactive.

One teacher said that:

Sometimes students do not connect with the teacher, but they do connect with
the virtual course, achieving effective learning with Khan Academy’s videos.

One participant stated that Khan Academy’s videos were of great help in the intro-
duction of a new topic:

I was going to start a topic that I had not taught, and the students already knew
something about it because they had already advanced it autonomously. With-
out telling them anything at all, they knew that with Khan Academy’s tools,
they could go ahead with the course topics.

This teacher also argued that, in this way, new knowledge is fostered, and math-
ematical communication is promoted by explaining to the teacher or their class-
mates how they do it in Khan Academy and intrinsically evaluating what they have
learned. In addition, he explained a specific case in which a student told him that she
understood Khan Academy’s explanation of the chain rule better than the teacher’s
explanation. He added that there are different ways of approaching a mathematical
situation, perhaps due to lack of time, the teacher explains only one method, but
the student can independently decide to watch the corresponding Khan Academy’s
video, finding alternative techniques and choosing the easiest for him. Finally, this
participant confessed that it is not easy to accept that some students understand better
the explanation through a video than through his explanation and it is this situation
that generates curiosity in the teacher to know how else the content was developed
in Khan Academy.

4.1.6 Intrinsic motivation

This code refers to the way in which teachers encourage students to fulfill the goal
of online training, without resorting to external incentives. One participant pointed
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out the enormous dependence that any training process has on the students’ desire to
learn and achieve their professional dreams. Another teacher stated that:

There are students who, no matter how hard you try to explain it to them, they
close themselves off, they are a bit reluctant, or they do not like to go deeper
or to strengthen their mathematical skills, which makes it a bit more difficult.

4.1.7 Methodology

When inquiring about the methodology followed by teachers in mathematics classes
and its possible influence on students’ academic performance, there were three points
of view. One participant was against this influence:

From my personal point of view, I would not believe that the teaching method-
ology has an impact on performance, because if the student has the willingness,
the desire to understand, to learn something, regardless of whether the teacher,
let’s call him a bad teacher, does not know how to explain something, he will go
deeper anyway. This is a double-edged sword because many think that when the
teacher is strict, it is because he has a bad methodology, but it is the opposite, he
is asking the student to bring out all his potential and it is to his benefit.

On the contrary, other teachers agreed that the methodology used in the classroom
had a direct impact on academic performance because the more participative the stu-
dents were, the better the learning results. In the words of one of them:

The teacher’s methodology has a great influence because the way in which
knowledge is transmitted has a direct impact on its internalization.

However, another teacher concluded that:

The problem is to determine which methodology will best favor a group because
all methodologies are valid; however, we all learn differently.

The remaining teachers admitted the influence of methodology but put it on an equal
footing with other factors such as disposition, previous knowledge, or motivation.

4.1.8 Participation

Teachers perceived that students’ participation depends on different variables, such
as academic program, schedule, age, employment status, or gender. Regarding the
schedule, it was highlighted that daytime students make better progress in the Khan
Academy platform compared to nighttime students, since most nighttime students are
older and study and work. However, one teacher reported cases in which the partici-
pation of students from both shifts was similar. On some occasions, age has played
against participation. Some teachers commented the following:
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Last semester I spoke with an older student with whom I had to implement
special alternatives for the adequate development of the content since his age
made it difficult for him to use the technologies.

Another participant indicated that:

Like my colleague, last year I experienced a situation in which an older student
had difficulties in using the tool due to lack of time and experience in the use
of new technologies.

The teachers were almost unanimous in emphasizing that students who work obtain
worse results than those who do not, due to lack of time. Some participants perceived
that there is a gender difference in students’ participation, in favor of women.

4.1.9 Reaction

This code refers to the way in which students assume the development of the online
platform to support learning. Three teachers stated that at the beginning, most of
the students complained, claiming that it was too long, tedious, and involved too
much time, effort, and dedication. However, as the training progressed, their attitude
changed, and they revealed that it was useful because they were able to reinforce
previous knowledge and topics previously seen in class or to advance new ones. One
participant stated that:

It is the right way to make them study because it is very difficult for students
these days to pick up a book and sit down to study; they prefer videos and more
interactive tools.

4.1.10 Human support

Human support refers to the collaboration received by the teacher from the support
group or from a student to encourage the level of participation in the online platform.
Each teacher was assigned a person from the support group to assist him in solving
students’ doubts and in the use of the platform. Additionally, each teacher had the
option of choosing a student who would help him to solve his classmates’ doubts
about the platform. Regarding the first type of support, most of the teachers recog-
nized the support received as useful, with some observations regarding the accuracy
of the answers or the time to respond. Regarding the second type of support, most
of the teachers stated that choosing a student was good as long as they chose charis-
matic students, with a spirit of service and a bonus for their work. A minimal group
of teachers stated that they did not need students’ support:

The choice of a support student is subjective because it is linked to the student’s
charisma and disposition. Therefore, I believe that in order to make the selec-
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tion more effective, the qualities that the person should have should be made
known.

4.1.11 Affective domain

This code refers to the set of attitudes, beliefs, and emotions that students have
regarding mathematical skills, which plays an essential role in the mathematics
teaching-learning process. In this case, the participants detected that some attitudes,
beliefs, and emotions are strongly rooted in incoming students and indicated that,
little by little, the affective domain is conditioning success or failure when facing this
discipline:

To find a student confident in their mathematical knowledge is a very strange
case, most of them say that learning mathematics is something very difficult,
they believe that it is a subject for some geniuses and therefore they do not have
the confidence to perform the exercises.

All the teachers perceived fear, insecurity, and anxiety in most of the students and
affirmed that insecurity limits the desire to learn more, dragging also an important
emotional discomfort, such as sadness, anxiety, and fear, making the student feel,
perceive, and behave in an insecure way, which limits his predisposition to learn.

They start the academic year very anxious because it is their first semester,
unsure of their own bases. Some of them have stopped studying a long time
ago and, although there is heterogeneity in the groups, they seem very insecure
in general.

4.1.12 Structure
This code refers to the organization of the topics addressed in the online platform,
which depends on each subject. The teachers of Higher Algebra considered that the

training was in line with the syllabus of the subject

Starting from and guided by the established course plan, what is covered in the
online platform is in line with the contents that we have taught.

.The teachers of Mathematics I perceived that it was increasingly consistent with the
curriculum:

It has improved and I liked this semester, I only teach Mathematics I, and the
online platform has a lot to do with the program that is within the plan.

However, they pointed out that exercises with trigonometric functions should not be
included in a subject at the Faculty of Socioeconomic and Business Sciences. The
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teachers of Basic Mathematics highlighted the need to go more deeply into opera-
tions with real numbers and unit conversion exercises.

4.1.13 Training

This code refers to the training the teachers received on the online platform and at
Khan Academy. In this sense, the teachers’ attitude was very favorable. In the class-
room, the need to provide accurate and timely answers to students’ concerns about
the use of the platform arose. Consequently, training on the online platform and on
Khan Academy for those teaching subjects in which the online training was imple-
mented seemed necessary. Thanks to the training, the teachers had direct access to
the Khan Academy databases, allowing them to visualize the enrollment status and
percentage level in each activity, to keep a report of their groups. The teachers also
indicated that the training was a way to improve their work, but it was necessary to
continue counting on those who support the training implementation to solve doubts
and inconsistencies in the students’ progress reports:

Yes, I believe that training in the use of the Khan Academy platform is impor-
tant, but it is also important to continue to have a team of support teachers to
resolve certain very specific issues.

4.1.14 Suggestions

The suggestions are the recommendations proposed by the participants in the focus
groups to improve the implementation of the online platform. Two teachers recom-
mended training participants, specifically students, in the use of the Khan Academy
platform to streamline the implementation of the online training. One participant
indicated the possibility of offering training in online training and Khan Academy
to new teachers and suggested standardizing extrinsic incentives so that all groups
would receive the same percentage of the mark:

I think it is important to train teachers in the use of Khan Academy, especially
for those who are just starting. Then I think it is extremely important to stan-
dardize, let’s say that if students are going to be given a grade, it should be the
same percentage in all groups so that all teachers speak the same language.

The teachers were unanimous in their opinion that the enrollment process should be
simplified since it is the most difficult step for students.

4.1.15 Organization
This code refers to the obstacles in teaching management. The discussion focused

on time management, since the extensive content, the reduced class hours, the het-
erogeneity in the students’ learning level, and the management and incorporation of
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different technological tools are factors that teachers must maneuver to achieve the
expected objectives. One participant indicated that:

It is very complicated, quite complicated, to fully comply with everything
indicated.

4.1.16 Exercises

Included in this code are practices, quizzes, and unit tests available at Khan Academy.
Teachers have different perceptions. For example, one noted that Khan Academy’s
exercises strengthen the learning of the subject, while others indicated that the exer-
cises were in line with what was seen in class and therefore incorporated them in
workshops, quizzes, and evaluations:

Using some exercises that were on the online platform helped the development
of the class.

4.1.17 Technical support

This code refers to the technical assistance needed to make correct use of the online
platform. The teachers agreed that the main inconvenience was related to the regis-
tration of students, because they omitted steps or did it wrongly, and, at the time of
generating the progress report, they did not appear, and complaints were filed. At the
same time, they expressed their dissatisfaction with not having access to their Khan
Academy accounts to be able to view their students’ results online, in real-time:

We do not have access to verify the registration of students on the platform and
how much progress they have made, so when the reports are generated to be
able to assign the grade, inconsistencies appear.

4.2 Axial coding

Figure 2 shows the axial coding results, which visualize the relationships between
the different codes to identify central axes or categories. The map of codes positions
them according to their similarity: the greater the similarity, the greater the proximity
in Fig. 2. In addition, the size of the dots is proportional to the relevance of the code.
The colors illustrate the groupings and the connecting lines indicate the intersection
between codes. The width of the line represents the intensity of the intersections: the
greater the width, the greater the number of segments in which the two connected
codes are assigned. Five categories were identified: obstacles, teacher contribution,
students, platform, and reinforcement, which are described below.

The obstacles category gathers the different impediments that teachers had to face.
The teaching contribution category groups codes that indicate the added value that
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Fig. 2 Axial coding. Own elaboration

teachers found in the classroom after the implementation of the online training. The
students category includes the reception given by the students to the online training.
In reinforcement, codes are associated with the medium used to develop the online
training, highlighting the tools available and the contribution made to mathematics
learning. Under platform, codes referring to the strategy itself and how to improve it
for future implementations are grouped together.

4.3 Selective coding

Selective coding was carried out to integrate and redefine the central categories,
resulting in the model of implementation of the online platform to support math-
ematical learning shown in Fig. 3. The model constructed suggests that the educa-
tional institution should have a support group of teachers trained in the use of Khan
Academy, who are responsible for managing the resources, involving, and accom-
panying teachers throughout the implementation and measurement of the strategy in
the classroom. The teacher, for his part, continues to conduct his class as he used to,
but refers to the Khan Academy resources to deepen and exercise what was studied
in class. In his independent work at Khan Academy, the student has activities avail-
able according to his learning level, either to strengthen previous knowledge of the
subject, deepen what has been seen in class, or advance in the topics that have not yet
been seen. Likewise, on the platform, the student will have access to videos, prac-
tices, and self-regulation systems, which favor the effective mastery of mathematics.
The generation of progress reports is a source of information in the construction of
institutional quality indicators, that can be used for the accountability that every pub-
lic institution of higher education is subject to.
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Fig. 3 Model of implementation of an online platform to support mathematical learning. Own
elaboration

5 Discussion

The implementation and analysis of the use of an online platform to support learning
have been carried out institutionally and massively for seven consecutive semesters,
maintaining the alternative of implementing a traditional dynamic classroom, tech-
nologically enriched with Khan Academy. The process of reflection through focus
groups led to the identification of the factors that must be considered to achieve
the successful and sustained implementation of the strategy in the classroom, and
its integration into an explanatory model that constitutes the main finding of this
research (Fig. 3). The model makes it possible to clarify the factors that influence the
success of the implementation of methodologies of these characteristics, which are
increasingly used in higher education, although a systematized analysis such as the
one revealed by this research is often lacking.

Another of the most relevant findings of the research is the ease with which the
platform allows students to learn and explore different strategies to those offered
by the teacher in his lessons (those found in the Khan Academy material). In this
way, students bring new methods to the classroom and generate a virtuous circle that
awakens the teacher’s curiosity about alternative ways of explaining or developing
certain content, while at the same time challenging him to learn about these new
methods to guide his students (Vidergor & Ben-Amram, 2020). In other words, Khan
Academy allows to see the way in which other teachers in other countries guide
mathematical knowledge, enriching the teaching practice and making the students
the ones who promote this challenge in the teacher. For their part, teachers are com-
mitted to expanding their specialized knowledge, particularly from the didactic point
of view (Carrillo-Yafiez et al., 2018; Mariano-Dolesh et al., 2022) and also their
beliefs about learning and teaching mathematics (Aguilar-Gonzalez et al., 2022).
This way of reconstructing knowledge and beliefs by observing foreign didactic-
mathematical approaches is placed in the international research agenda on both initial
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(Muiiiz-Rodriguez et al., 2020) and continuing (Karsenty & Sherin, 2017) mathemat-
ics teacher education.

Higher education must face formative challenges such as the diversity of math-
ematical knowledge of incoming students (Di Martino et al., 2023; Rodriguez-Muiiiz
et al., 2020) or the leveling of mathematical previous knowledge and its direct impli-
cations on early dropout rates (Biichele, 2020; Castro Lopez et al., 2020; Rodri-
guez-Muiiiz & Diaz, 2015). This research shows how university teachers perceive
that strengthening previous knowledge is a fundamental factor in learning support
strategies and that the possibility of doing so through online platforms improves the
adaptive processes that students must face in the transition from secondary to higher
education because it fosters autonomy, computer self-efficacy, and self-regulation
(Akbari et al., 2022; Courtney et al., 2022a; Hasan et al., 2020; Rueda-Gémez et al.,
2023).

The teachers who participated in the focus group also pointed to the value of the
self-regulation that occurs with the platform. Students quickly learn to seek help
through the feedback tools available on the platform, an idea previously highlighted
by Gray and Lindstrom (2019). This process of reflection on their procedures and
problem-solving methods makes students feel more confident in their mathematical
skills and that translates into greater participation in face-to-face classes. This find-
ing is consistent with Castro Lopez et al. (2020) and supports the quantitative find-
ings evidenced in Rueda-Gomez et al. (2023). This self-regulation is also manifested,
according to the teachers, in the possibility of clarifying, through the Khan Acade-
my’s videos, doubts about what has been discussed in class and advancing topics that
have not yet been seen (something also noted in this regard in Gray and Lindstrom,
2019 and Zotova et al., 2021). In addition, the videos generate in the students the con-
fidence to intervene actively and accurately in the classes, activating an undervalued
skill in the formative process in the Colombian university context, such as mathemat-
ical communication, fundamental in the development of mathematical competence
(Gravemeijer et al., 2017). The autonomous work of students also allows classes to
be more fluid and time more efficient, thus managing to cover all the thematic axes
(Ferdinand et al., 2020), which contributes to improving the organizational factor of
teaching management, instead of being an additional burden.

Unlike Benavidez Lozano et al. (2019) and Hernandez et al. (2018), from our
research, it is deduced that the role of the teacher is a strategic factor in the imple-
mentation of online courses that strengthens the mathematical knowledge or pre-
vious knowledge of incoming students because through the different motivational
mechanisms, participation is boosted and the student’s reaction to the development
of online activities is improved. This perception expressed in the focus groups is in
accordance with Gray and Lindstrom (2019) and Ramirez (2012).

The proposal of Rodriguez-Muiiiz and Diaz (2015) regarding joining efforts to
promote a joint web platform or the shared use of current mathematics platforms is
materializing worldwide with Khan Academy and the results of this study are proof
of this. In this sense, the implementation of an online platform to support learning
is the first intervention to be done massively (9 240 incoming students), periodically
(during seven consecutive semesters), and applying measures of effectiveness, as
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suggested in Rodriguez-Muiiiz and Diaz (2015). In this sense, the analysis performed
in this study can be considered, as far as the authors know, pioneering.

We wish to emphasize that the online platform to support learning mediated by
Khan Academy is perceived by teachers as an ally or mediator in the process of didac-
tic transposition and as a dynamizing strategy, which helps incoming students to face
the challenges of higher education in mathematics. From the results of this research,
a traceability model of the impact of the use of online platforms to support learning
on students’ academic performance is extracted (Rueda-Goémez & Rodriguez-Muiiiz,
2020; Rueda-Gomez et al., 2023) that is exportable to other contexts and that iden-
tifies the factors that mediate the success of their use, in order to make the neces-
sary interventions aimed at obtaining the academic objectives of students entering
higher education and at the same time minimize implementation costs. Moreover,
with the necessary adjustments to analyze the specific characteristics of the subject
under consideration, the explanatory model could also be easily adapted to subjects
other than mathematics. Consequently, it is up to educational institutions to continue
implementing these innovations, with a view to sharing and integrating experiences
aimed at making learning more flexible.

Our model underlines that the role of the teacher is essential to guarantee the suc-
cess of an online platform to support learning since the teacher’s contribution through
factors such as extrinsic motivation, intrinsic motivation, or follow-up have a favor-
able impact on the students’ reaction and participation. On the other hand, the model
also shows that the role of the teacher must be reinforced with continuous training
in mathematics and its didactics that allows him to respond to the challenges that the
autonomous learning of students, in parallel and with tools outside his lessons, will
bring about in the classroom. Notwithstanding, we agree with Mullen et al. (2021)
about the need for more research on this topic because the evidence says that, despite
the benefits of online platforms to support learning, there are other aspects to deal
with.

We conclude by pointing out the main limitations of the study, which derive from
the methodology used. Focus groups and grounded theory represent an exploratory
approach to the analyzed phenomenon and have made it possible to reveal existing
phenomena and opinions, as well as latent preferences and values that explain the
discourses and positions. However, even though the data have been permanently tri-
angulated in each of the coding processes, the results may have an interpretation bias
on the part of the researchers. On the other hand, we cannot ignore the possible biases
of the participating teachers, who, despite being randomly recruited, and their ano-
nymity maintained, are aware that the research is part of a process of accountability
at the institutional level, making it difficult to generalize the results.

To summarize, the findings of this study carry significant implications for both
theoretical and practical domains. First, the findings allowed the delineation of an
explanatory model that clarified the factors that influence the success of the imple-
mentation of online platforms to support learning. In this sense, a related contribution
is the capacity of Khan Academy to strengthen incoming students’ previous knowl-
edge and self-regulation and, additionally, to let students and teachers know alter-
native strategies when teaching and learning mathematics, favoring more dynamic
and efficient classes. Second, this study emphasizes the role of teachers to assist the
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development of online learning and guarantee the expected success, since extrinsic
motivation and reminders have been identified as relevant factors. Third, it is crucial
that educational institutions ensure continuous training for teachers that allows them
to face the challenges posed by online platforms to support learning.
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