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Formative assessment contributes to improving the educational process. It collects, interprets, and systematically 
uses information to verify and provide feedback on achieving learning objectives. Feedback is a fundamental 
component during formative assessment since, through it, it is possible to receive immediate and personalized 
information. This reveals, early on, progress in knowledge acquired, contributing to improving learning outcomes 
and thus to achieving skills. Currently, a number of solutions contribute to the assessment process. But these focus 
on specific fields of study, which fail to include elements of context by using sensory information from mobile 
devices to enrich and personalize feedback. This article presents a Conceptual Model of Formative Assessment in 
Mobile Learning Systems, which explicitly defines the priority components that ought to be considered to support 
context-based formative assessment processes. The development of a prototype Web Service, based on the pro-
posed model and integrated into the Google Classroom LMS platform, allowed real-time context-based feedback, 
supporting very effectively the formative feedback process, evidencing a significant increase in student learning. 
It is important however to expand the study population to generalize the results.

La evaluación formativa contribuye en la mejora del proceso educativo, ya que recopila, interpreta y usa información de 
forma sistemática, con el fin de verificar y proveer retroalimentación sobre el logro de los objetivos de aprendizaje. La 
retroalimentación, es un componente fundamental durante la evaluación formativa, ya que, a través de ella, es posible 
recibir información inmediata y personalizada, que permite conocer de manera oportuna los avances en términos del 
conocimiento adquirido, contribuyendo a la mejora en los resultados de aprendizaje y por consiguiente aportando al 
logro de las competencias. En la actualidad, existen soluciones que contribuyen al proceso evaluativo, pero enfocadas 
en campos de estudio específico, las cuales no incluyen elementos del contexto con uso de información sensórica de 
los dispositivos móviles para enriquecer y personalizar la retroalimentación. Este artículo presenta un Modelo Concep-
tual de Evaluación Formativa en Sistemas de Aprendizaje Móvil, el cual, define de manera explícita los componentes 
conceptuales, que deben ser considerados para soportar procesos de evaluación formativa. Durante la investigación 
se desarrolló un prototipo de Servicio Web, basado en el modelo propuesto e integrado en la plataforma LMS Google 
Classroom que permitió brindar retroalimentación en tiempo real basada en contexto sensible. La aplicación práctica del 
modelo evidenció un incremento significativo en el nivel de aprendizaje de los estudiantes, sin embargo, es importante 
ampliar la población de estudio para generalizar los resultados.
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Why was it carried out?
The challenges identified in the literature related to the lack of models, architectures and reference frameworks for evaluation 
in the field of Mobile Learning Systems, were fundamental pieces for the definition of the MEF-SAM Formative Evaluation Mo-
del, which mainly considers elements of the context and feedback processes according to the characteristics of the students.

What were the most relevant results?
The proposed MEF-SAM model and the methodological and research processes used for its construction. Characterization as 
a source of conceptual inputs (Student, Inference, Evaluation, Pedagogical Approach, Sensitive Context, Knowledge Domain 
and Feedback) for a greater understanding in Mobile Learning Systems. Additionally, the prototype developed and its eva-
luation in terms of the effectiveness of the feedback, with the objective of delivering information in real time to contribute to 
student learning.

What do these results provide?
Un modelo de evaluación formativa en sistemas de aprendizaje móvil MEF-SAM el cual permite soportar procesos de evalua-
ción formativa en sistemas de aprendizaje móvil, entregando retroalimentación efectiva según las características del contexto 
de los estudiantes. Un recurso web accesible integrado a la plataforma LMS GoogleClasroom que permite la entrega de retro-
alimentación en tiempo real y la verificación del aprendizaje alcanzado.
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Introduction

Information and communication technology (ICT) can expand and enrich educational 
opportunities for learners in diverse settings, according to UNESCO (1). In Colombia, 
the incorporation and use of ICT in classrooms has been promoted by the National 
Government (2,3) through different programs (4) that focus on the provision of devices 
to support teaching-learning processes. Consequently, the Ten-Year National Education 
Plan, 2016-2026 (5) fosters the comprehensive development of citizens and highlights 
the potential that new technologies have in the teaching-learning, knowledge-building, 
research, and innovation processes. Mobile Learning Systems (MLS) thus emerged, focused 
on autonomous and constructivist learning, through an environment of participation and 
collaboration. Mobile learning, according to (6), is the ability of any person to use mobile 
network technology to access relevant information or store new information, regardless 
of their physical location, enabling students to take advantage of the benefits of mobile 
technology in teaching-learning processes. Context-sensitive systems (7) consider such 
aspects of the student’s learning context as (i) profile, (ii) educational resources, (iii) 
learning objectives and (iv) pedagogical strategy, in addition to aspects of the technological 
context related to the mobile device as a means of information delivery (8). It is worth 
noting that in referring to teaching-learning processes, it is essential to address the 
assessment process as a mechanism that provides suitable feedback, ensuring achievement 
of the learning objectives. Mobile learning linked to context-based formative assessment 
processes enhances teacher-student communication and encourages synchronous and 
asynchronous communication, favoring dynamic interaction and facilitating feedback 
independent of location, device and physical environment (7). According to (9), the most 
important component of the assessment process is feedback, considering it as the only 
and powerful means to achieve and/or improve academic achievements. Suitable feedback 
must be continuous, constructive and meaningful (10), i.e. it must inform both student 
and teacher about progress and difficulties with the objective of making timely decisions 
about the instructional plan. Different studies focused on the field of assessment have 
suggested promoting greater efforts and strategies that demonstrate the effectiveness 
of learning in continuous assessment/formative assessment processes supported by 
technology (7–11). The literature contains proposals in specific domains (12–16). These 
do not consider contextual entities that allow capturing the characteristics or situations of 
each student, limiting possible adjustments or improvements to the assessment conditions 
and educational practices established by the teacher. Likewise, the effectiveness of existing 
feedback mechanisms is subject to the events that each student may trigger, whether 
due to their performance, level of understanding, motivation, skills, change of location or 
the characteristics of the device they are using (17, 18). Considering the above and the 
importance of the integrity and dynamism of the assessment process, this research asks the 
research question of How to support formative assessment processes in mobile learning 
systems that allow providing effective feedback according to contextual information?

Methodology

The methodology for the creation of the Formative Assessment Model in Mobile Learning 
Systems (FAM-MLS) was based on the adaptation of the qualitative method for the creation 
of conceptual frameworks (19). FAM-MLS is a conceptual model that provides researchers 
and developers with an overview of the essential elements that must be considered in the 
development of formative assessment processes in mobile learning systems. To obtain the 
results, the steps described below were followed: 

Stage 1: Literature review and analysis of data from various institutional access sources 
such as Scopus, Science Direct, IEEE Xplore and ACM Digital Library. The refined search 

 http://unesdoc.unesco.org/images/0021/002196/219662S.pdf
http://micrositios.mintic.gov.co/tabletas/
 https://goo.su/iiEqoD
https://dialnet.unirioja.es/servlet/articulo?codigo=6328408
https://goo.su/iiEqoD
http://sedici.unlp.edu.ar/handle/10915/18718
https://doi.org/10.1016/j.procs.2018.08.195
https://doi.org/10.20533/ijicr.2042.4655.2017.0099
https://doi.org/10.1016/j.procs.2018.08.195
https://goo.su/ZFpR
https://doi.org/10.1152/advan.00122.2017
https://doi.org/10.1016/j.procs.2018.08.195
https://doi.org/10.1016/j.compedu.2018.03.008
https://doi.org/10.24215/18509959.0.p. 65-72
https://doi.org/10.3390/fi13050116
https://doi.org/10.1007/s40593-016-0135-7
https://doi.org/10.1109/ICCIC.2016.7919578
https://doi.org/10.1177/160940690900800406
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string corresponded to the scope of the research and the most relevant terms close to the 
studies that were intended to be investigated: (Assessment OR Formative Assessment OR 
Feedback) AND (Model OR System) AND (Mobile Learning OR mlearning) AND (Context-
Aware OR Context awareness). The study was guided by specific research questions such 
as: (i) What are the research works carried out on context-sensitive Mobile Learning 
Systems?, (ii) What are the context-sensitive Mobile Learning Systems that take account 
of assessment processes?, (iii) What context entities are used in the systems found that 
include assessment?, (iv) What are the reasoning techniques considered for feedback 
purposes in the systems that include assessment? And (v) What are the modeling 
components in systems that include assessment?

Stage 2: Definition of the FAM-MLS model is based on the qualitative method for the 
creation of conceptual frameworks (19), which includes (i) information source analysis; (ii) 
selection, grouping and integration of concepts (new and existing) and (iii) construction of 
the model and its formalization.

Stage 3: Adaptation and implementation of a software prototype based on the concepts 
defined in the FAM-MLS model, using the Google Classroom platform, an Android mobile 
application and a cloud database service. Development of the prototype was carried out 
using SCRUM (20) considering three events: (i) planning, (ii) sprint execution and (iii) review 
and retrospective.

Stage 4: Assessment of the proposed model in terms of the effectiveness of the feedback, 
through a case study following the methodological scheme of Runeson (21) and Yin (22). 
To respond to the questions posed in the study, the multimodal analysis supported by the 
ATLAS.ti tool (23) and the parametric tests statistical method (24) is presented. 

Results

Characterization of modeling entities, techniques and components

At the characterization level, the selected primary studies revealed the existence of a 
significant set of context-sensitive mobile learning systems, within the framework of 
collaborative, meaningful and inverted learning. However, very few of them were focused 
on the formative assessment process to provide feedback and support to students and 
teachers, in order to improve their level of performance, achieve achievements and make 
decisions about learning paths and educational materials. Regarding context information, 
the entities considered by different researchers independently corresponded to: (i) time, 
(ii) location; (iii) device; (iv) physical characteristics and (v) student profile, aspects used to 
create and deliver learning materials. Regarding reasoning techniques and measurement 
objectives, the literature reports rule-based systems, item-response theoretical models, 
fuzzy logic, performance factor-based algorithms, computerized adaptive tests, prioritizing 
level of knowledge as the measurement objective in most studies. Independent modules 
considered in each of the systems were identified, such as: delivery and adaptation of 
content, creation and updating of the student profile, capture and analysis of context 
information, storage and adaptation of assessment questions and delivery of feedback in 
real time.

Definition of the FAM-MLS Assessment Model

The creation of the model was based on the characterization previously described. The 
model is based on the concept of offering feedback during the assessment process. In 
this sense, the works reviewed in the state of the art reflected little use of feedback when 
considering summative strategies (7), where feedback is only provided at the end of the 

https://doi.org/10.1177/160940690900800406
https://doi.org/10.1007/s10664-008-9102-8
https://doi.org/10.1007/BF00989645
https://bookdown.org/dietrichson/metodos-cuantitativos/
https://doi.org/10.1016/j.procs.2018.08.195
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educational process. The proposed assessment model is based on a training strategy 
(7), which encourages continuous feedback through the identification of sources, 
formats, types and moments of delivery of feedback. The phases addressed for the 
conception of the proposed model are described below.

Analysis of Information Sources: in this first phase, groupings were made of the 
elements and characteristics related to: sensitive context entities, reasoning techniques 
and MLS modeling components that incorporate assessment processes. The analysis 
made it possible to show that the elements “context entities” and “reasoning 
techniques” are components generally related to the information capture and analysis, 
and knowledge-performance modules, respectively. Likewise, the individual exercise 
of characterizing the “context entities” made it possible to identify the most common 
entities, such as Device, User, Physical, Time and Location; and the set of “reasoning 
techniques”, used mostly to measure the level of knowledge and level of performance 
of the students.

Selection and grouping of concepts

In this phase, a grouping of the components was carried out, synthesizing them into 
general concepts (See Figure 1). The entity component of the context was defined 
as “Sensitive Context” grouping the concepts used as: Device, Physical and Time and 
excluding the entity “User” because its representation, relevance and meaning was 
represented with the “Student” concept. The measurement of the level of knowledge 
and the level of performance is given by the use of Reasoning Techniques, this 
component being termed “Inference”. For the common modeling components, these 
were grouped according to their functionality in the concepts Student, Inference, 
Sensitive Context, Assessment and Knowledge Domain. Table 1 describes the 
grouping and synthesis of concepts. 

Table 1. Grouping and synthesis of concepts.

Concepts Components

Student
Basic information
Learning profile

Inference Rules

Sensitive context
Device
Physical
Time

Assessment
Question bank
Types of question

Knowledge domain
Learning content
Learning objectives

Integration of new concepts

To generate new concepts, two strategies were carried out which corresponded to: 
(i) focus group and (ii) expansion of the feedback concept. The objective of the focus 
group was to identify the concepts related to the study topics, including Pedagogical 
Model, Learning Environments, ICT, Assessment, Formative Assessment and Feedback, 

https://doi.org/10.1016/j.procs.2018.08.195
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as well as corroborate the similarity, discordance and/or absence with respect to to the 
concepts found in the initial characterization process. For the focus group, a guide protocol 
was defined based on (21,22) and five experts were selected, among them a Doctorate in 
Educational Sciences, a Master’s degree in Pedagogy and Educational Technologies with 
a Bachelor’s degree and/or basic training in the Engineering field. For the analysis of the 
collected data, the ATLAS.ti tool (23) was used. Figure 1 shows the network of concepts 
created around the ideas and arguments expressed by the interviewees. The process 
began with labeling the experts’ responses with the objective of identifying concepts 
around the topic of study. Once the labeling process was completed, the concepts were 
processed to analyze the level of correspondence between them and the number of 
occurrences. According to the processed concepts, the respective associations were made 
taking into account the correspondence between concepts and the scope of the problem. 
The hierarchically highest concept corresponded to Learning Environment, from which 
the Learning System emerges, and this in turn is related to the concepts: Assessment, 
Teacher, Pedagogical Model, Sensitive Context, Student and Knowledge Domain, which 
coincide with those found in the characterization process in Table 1, with the exception 
of the Inference concept. Likewise, it was observed that feedback is a fundamental part 
associated with time of occurrence, type of feedback and source of supply. Additionally, 
a co-occurrence matrix was generated from a set of concepts with high correspondence 
with the problem. Two new concepts appear in this stage, which correspond to Teacher 
and Pedagogical Approach, where the number of occurrences compared to the concepts 
of Student and Assessment respectively, are significantly high, which is why they were 
considered in the creation of the model.

Figure 1. Network of related concepts

In relation to the expansion of the concept of feedback, the dimensions identified in (25) 
were taken into account, where three fundamental axes are considered for the delivery of 
feedback based on (i) occurrences, (ii) type of response and (iii) means of presentation. 
Additionally, the “Feedback Sources” feature was included, associated with: i) teacher 
(personalized delivery), ii) virtual assistant iii) classmate and (iv) own feedback. 

https://doi.org/10.1007/s10664-008-9102-8
https://doi.org/10.1007/BF00989645
https://doi.org/10.1097/01.aoa.0000853624.18642.3d
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Construction of the FAM-MLS Model 

The FAM-MLS model was represented using an object-oriented approach (26), which 
is one of the most common, after ontologies, allowing the parts of the problem to be 
encapsulated in components that consider name, stereotype, attributes and associations 
among the concepts modeled (see Figure 2).

Figure 2. FAM-MLS assessment model

Formalizing the model

During the formalization phase, each of the concepts was described in detail:

Student: refers to the educational profile, which includes characteristics such as learning 
style, level of knowledge and level of performance.

Teacher: focuses on the tutor or advisor of an area of knowledge, whose function focuses 
on content preparation and generation of the question bank. He acts as a source of 
feedback and has responsibility in the decision-making process.

Inference: describes the mechanism used to analyze information during the assessment 
process and make a decision to provide feedback based on information from the learning 
context. In addition, this concept is linked to the use of reasoning techniques through 
advanced data mining algorithms and learning analytics, among others. 

Pedagogical approach: allows the teacher to be guided on educational practices and 
describes systematic ways to apply ideas and activities. It particularly emphasizes the 
formative assessment process that ensures the understanding of the topics and the 
fulfillment of the learning objectives.

https://goo.su/rxrrl
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Knowledge domain: represents the areas of knowledge that are intended to be addressed 
in the teaching-learning process.

Sensitive context: describes the context entities that are considered around the evaluative 
process. The context information is represented by entities and their respective 
characteristics. Together with the concept of inference, they allow managing the most 
appropriate feedback deliveries according to the data captured by the sensors of the 
mobile device. The sensitive context entities considered correspond to Device (network 
connectivity, communication cost and broadband), Physical (noise level, lighting and 
temperature) and Time (date, duration of the activity).

Assessment: the concept of assessment represents the contents to be evaluated, the 
question bank and the mechanisms to provide feedback according to the student’s 
learning process. It is managed by the teacher through the mobile learning system and is 
directly related to domain knowledge and feedback.

Feedback: this is a concept closely related to the rules of inference and in turn to the 
sensitive context, in order to support the assessment process by providing effective 
feedback to the student. Feedback is the most representative concept of the FAM-MLS 
model, through which it is intended to provide support to the student based on the 
dimensions proposed by (23), which correspond to: level of response (contingent response, 
contingent topic, of correct knowledge, until it is correct and of response knowledge), level 
of presentation (audio, text, image or video), level of occurrence (cumulative or immediate) 
and sources of feedback. This last dimension is a new dimension that considers elements 
such as tutor or teacher (personalized delivery), virtual assistant, classmate and own 
feedback.

Adaptation and implementation of the software prototype

The scientific literature revealed the lack of mobile tools to support feedback processes 
in real time incorporating context elements. Of the software tools identified, the majority 
were discarded by the present study, given their complexity in carrying out adaptation 
processes and the type of licensing. The Classroom learning platform was thus chosen, 
which has a web and mobile version to support teaching-learning assessment processes, 
facilitating the mapping process of the greatest number of concepts of the FAM-
MLS model. Table 2 describes each of the concepts of the model and their respective 
component in Classroom.

https://doi.org/10.1007/BF00989645
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Table 2. Concepts and components related to Google Classroom.

FAM-MLS concept Classroom component Observation

Pedagogical approach 
Blended learning, 
mobile learning, flipped 
learning, among others. 

Allows deployment of different 
learning approaches, including 
Mobile Learning by having an 
application for mobile devices. 

Knowledge domain Varied or diverse.
Different learning materials or content 
can be configured independently of 
the knowledge domain.

Teacher Creator and manager 

Allows the teacher to have control of 
the educational space by means of 
the creation, editing and deletion of 
materials.

Student Assistant and participant 
Allows the student to interact with 
educational materials and put 
forward evidence.

Assessment Questionnaires 

Allows linking assessment 
questionnaires with different types 
of questions and feedback only at 
the end of the questionnaire. As 
such, it can be considered that the 
assessment is not formative.

Sensitive context No correspondence Does not allow reading data through 
sensors for assessment purposes. 

Inference No correspondence
Does not consider basic inference 
rules that allow taking advantage of 
context information 

Feedback QuizFeedback

Allows configuring feedback in terms 
of text and URL for each question. 
But it does not consider immediate 
feedback, only at the end of the 
questionnaire.

Since no correspondence was found with the concepts of “Assessment, Sensitive 
Context, Inference and Feedback” (see Table 2), two macro tasks were established at 
the requirements level: i) development of an assessment form that considered the 
characteristics of feedback and inference rules according to the proposed model and ii) 
development of a mechanism for collecting contextual information in real time using light 
and environment sensors. The sensors were used in order to capture the light intensity and 
noise of the environment to determine what type of multimedia materials were delivered in 
the feedback. For multimedia delivery, conditional inference rules were used in accordance 
with the W3C specification (27) that allowed defining a set of ranges (20<=L<100: text; 
100<=L<150: image; 150<=L<250: video; L>=250: audio), likewise the environment or 
noise sensor ranges (R<35: environment suitable for audio; R>=35: environment not 
suitable for audio). Due to the above, and using the SCRUM framework (18), software 
development tasks were carried out that made it possible to replace the concepts not 
present in the Classroom. There was thus an application for capturing and storing sensory 
information from mobile devices (EvaluaSense-own development) and a web form that 
considered real-time feedback aspects.

 https://www.w3.org/TR/ambient-light/
https://doi.org/10.1109/ICCIC.2016.7919578
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Case study to evaluate the FAM-MLS model

Case study design

The design of the case study corresponded to a single holistic type design (28), which 
related important aspects, among them study objective, research questions, units 
of analysis, constructs and operational definitions, and theoretical propositions. A 
methodological scheme is defined following the guidelines set forth by (21,22) to evaluate 
the effectiveness of the feedback in terms of the concepts defined in the FAM-MLS model. 
The software prototype developed was used, seeking to respond to the questions: R.Q.1. 
What was the type of feedback provided according to the students’ experience?; R.Q.2. 
How was the delivery of feedback considered, immediate or delayed?; R.Q.3. What were 
the most common presentation formats during feedback? and R.Q.4. What was the level of 
learning achieved in terms of the knowledge obtained with the use of the training model? 
The constructors who guided the study mainly focused on observing the level of learning 
acquired through the formative assessment process and knowing the level of student 
satisfaction with the delivery of feedback received during the assessment process. The 
units of analysis corresponded to middle school students, ninth grade, in an urban area of 
the Municipality of Popayan. Table 3 presents a description of the population sample.

Table 3. Description of the population sample

Item Description
Name Institución Educativa Antonio García Paredes
Sector and EE zone Official and Urban
Timetable Morning and Afternoon
Levels of study Preschool, Transition, Primary, Secondary, Middle

Location Calle 17 #12-40, La Ladera (Antigua Casona), Popayán, 
Cauca

Socio-economic stratum 1 and 2
Grade and number of 
students Ninth grade (9th). 16 students in total

Number of boys and girls 7 boys and 9 girls

Running the case study

With the aim of responding to the questions posed, qualitative and quantitative 
information collection instruments were selected, such as online questionnaires integrated 
into the mobile platform to capture data provided by the population sample, in terms of 
correct and incorrect responses about the assessment process and structured satisfaction 
survey that allowed information to be collected on student perceptions, based on 
experience and recognized feedback elements. A virtual course was established using 
Classroom, for the provision of learning materials, assessment forms and satisfaction 
survey. A user manual was created to guide the implementation of the assessment process, 
taking into account situations of non-presence caused by COVID-19. For the information 
collection process, the APK was used to install the software on mobile devices so that 
the sensory information from cell phones and tablets could be accessed. Applying the 
proposed model, there was a repository of materials classified into text, image, audio and 
video to support the feedback process, according to the characteristics of the students. To 

https://doi.org/10.1109/ISET.2017.45
https://doi.org/10.1007/s10664-008-9102-8
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verify the level of learning achieved with the proposed model, tests were carried out with 
and without feedback, analyzing the data set following the T-Student test method (24), 
performing statistical calculations of arithmetic mean, standard deviation (data dispersion) 
and coefficient of variation (relative degree of variability).

Analysis of results

Once the data collection and information processing had been carried out, the respective 
calculations (quantitative) and approximations (qualitative) were carried out to respond 
to the questions defined in the case study. Table 4 presents the set of concepts about 
the students’ opinions, where the aspects associated with satisfaction in the assessment 
are distinguished by being the conceptual elements of the proposed model. The concept 
of “correction in learning” is associated with how assessment with feedback permitted 
the student to realize errors and try not to make them later. The aspects related to 
dissatisfaction in the assessment correspond to requirements such as: (i) presenting 
feedback for questions responded to correctly, ii) delay in the delivery of feedback as a 
result of unstable connections and iii) very little content delivered in multimedia format 
caused by incorrect performance of mobile devices, unsuitable learning environment and 
unstable internet connections.

Table 4. Concepts related to the students’ opinions.

Training feedback

Satisfaction in the 
assessment 

Detailed feedback
Correction in learning
Immediate occurrence
Presentation formats

No satisfaction in the 
assessment

Feedback on correct responses
Delayed occurrence
More presentation times

Regarding the response to research question R.Q.1., it can be seen that 69% of the 
students considered that the type of feedback received according to the model was 
“Topic-contingent feedback”, that is, the correct response and the solution to find the 
response were indicated. The remaining 31% found another type of feedback (correct 
response without additional information, progress was not allowed until the response 
was correct, etc.). For question R.Q.2., it was found that 88% of the students found an 
immediate response during the feedback process. The remaining percentage indicated 
that they had not received feedback or encountered delays in responding. Regarding the 
formats of presentation of the contents, response related to question R.Q.3., 59% of the 
students received content in plain text, 23% video format, 14% image and 4% audio. When 
investigating other factors that affected the delivery of content in different formats, aspects 
such as: (i) place of assessment, 7% of students had connectivity difficulties, (ii) time of 
the session, 11% expressed fatigue and high levels of noise in the place, (iii) performance, 
5% of students had problems with their mobile devices, (iv) others, 5% expressed other 
conditions. In relation to question R.Q.4., the starting point is the conception that the 
formative feedback process positively influences the assessment and that students who 
are exposed to this type of process can improve and achieve learning objectives or goals. 
The tests showed that the average number of correct responses per student corresponded 
to 5/8 in the pre-test, while in the post-test it was 6/8. The Pearson Correlation Coefficient 
(PCC) percentage of the students with respect to the number of questions responded 

https://bookdown.org/dietrichson/metodos-cuantitativos/
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correctly shows that the arithmetic mean of the first and second tests are representative 
of the paired samples, with 35.88% (See Table 5). This means that the data is within the 
normal framework of homogeneity. The Alpha error rate for the analysis corresponds to 5%. 
According to the results presented, it can be observed that the statistical value of the t test 
(2.09) exceeds the critical value (1.75) and it could be stated that the feedback given to the 
students managed to improve the level of learning with a confidence factor of 95%.

Table 5. Analysis of percentage CV

Measure First test Second test

Mean 5.25 6.125
Variance 1.85
Sample 16 16
Pearson Correlation Coefficient 
(PCC)  0.35889341

t statistic  2.09790314
P(T<=t) one tailed  0.02663248
Critical value of t (one-tailed)  1.75305036

Discussion

The research findings clearly show that no proposal in the literature related information 
about the student’s context in formative assessment processes, specifically associated 
with feedback. Additionally, running the focus group allowed us to identify new elements 
relevant to the definition of the model. The consideration of different views for the 
proposed model enriched its definition and expanded the understanding of the concepts. 
The statistical analyzes applied made it possible to show that the mechanism based on 
formative feedback with the use of sensitive context of the FAM-MLS model significantly 
influenced the final results of the students in terms of the effectiveness of the feedback, 
fulfilling the objective of providing support in real time, making use of contextual 
information and significantly improving their learning. However, it is necessary to carry 
out more assessments with experts and expand the population sample to corroborate the 
findings and generalize the results. 

Conclusions, limitations and future work

Assessment is a very important aspect in the teaching-learning process. Offering students 
formative assessment processes, adapted to the needs of the context regardless of time 
and place, enhances teacher-student communication, facilitates feedback and increases 
student motivation and confidence. Therefore, the proposal of the FAM-MLS model as 
a response to the research question posed, the development of the prototype as an 
accessible web resource integrated into the GoogleClassroom LMS platform allowing 
the delivery of feedback in real time and the verification of the level of learning achieved 
with a significant increase, points to the relevance of research focused on supporting 
teaching-learning processes with the use of technology and based on rigorous conceptual 
guidelines. As future work, it is necessary to explore the relationship between contextual 
information, routes and learning materials. Likewise, the definition of reasoning and 
inference techniques typical of modeling is required in order to support adaptation and 
personalization in real time and measure the level of knowledge and performance of 
students. 
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