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Abstract 

The use of digital media in education has already been addressed in numerous 
technology acceptance models, but there is very little research on establishing a link 
between acceptance and assessment using mobile devices, a reality in educational 
institutions. This work aims to extend research by developing the TAM model and stud‑
ying teachers’ perceived usefulness of mobile devices in terms of how they under‑
stand assessment: generically, as a summative and a formative assessment, or as the 
complementarity of these. This study proposes a comparison between three models 
using the partial least squares structural equation modeling (PLS‑SEM) on a sample 
of 262 master’s degree students (pre‑service teachers). The results show the validity 
of the three proposals and confirm the advantages to specifically consider assessment 
in acceptance models, as well as the importance of addressing its modalities differently 
after obtaining better results in the two models that do so. The study also confirms 
the importance of self‑efficacy in the use of mobile devices as a predictor of useful‑
ness and intention to use in the three models. The use of a comparative approach 
and the development of the perceived usefulness construct in assessment represents 
a new contribution to the field of acceptance studies.

Keywords: Evaluation methods, Technology assessment, Mathematical models, 
Educational technology, Higher education

1 Introduction
Information and communication technologies (ICTs) are nowadays an essential tool in 
the teaching–learning processes in all educational institutions, from the lowest levels 
to higher education (Burbules et  al., 2020; Valverde-Berrocoso et  al., 2021). This digi-
tal inclusion has facilitated access to an unprecedented variety of resources in educa-
tion, leading to the creation of new virtual learning environments (Gómez-Galán, 2020) 
and the development of new methodologies, such as collaborative work or flipped 
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classrooms (Ciobanu, 2022; Clark et al., 2022; Hossain et al., 2021; Sun et al., 2022), espe-
cially after the pandemic (Sar & Misra, 2020).

Several studies on assessment in digital environments attempt to define assess-
ment frameworks (Gómez-Ruiz et al., 2022; Moccozet et al., 2019) and present a large 
number of technological tools for this process (Cosi et  al., 2020), with mobile devices 
as one of the main research lines in the development of teaching (Guardia et al., 2019; 
Moreno-Guerrero et al., 2020), given their universality and potential (Abd-Karim et al., 
2018; Criollo et  al., 2021). The advantages of these devices in the educational context 
have been summarised as portability, interactivity, context sensitivity, connectivity, and 
individuality (Ally & Prieto-Blázquez, 2014). For Al-Emran et al. (2020), their use is an 
opportunity for ubiquitous access to media and resources, enriched content, new means 
of interaction and collaboration, and new methodological and assessment procedures 
(Aljawarneh, 2020; Baier & Kunter, 2020; Reisoğlu & Çebi, 2020).

Therefore, it is necessary to deepen the concept of assessment in education, since it 
implies describing two modalities in its process, formative assessment, and summative 
assessment (Black, 1993; Dixson & Worrell, 2016; Scriven, 1967). Consequently, it is 
possible that, if a teacher has a different understanding of these modalities, his or her 
perspective on the use of mobile devices may also differ depending on the assessment 
made; a distinction that should be considered in the research.

The described potential of mobile devices contrasts, in many cases, with the reluctance 
of teachers to introduce innovations in a process as rigorous as assessment (Hébert et al., 
2021). These tools have been extensively validated in the introduction of new classroom 
methodologies (Bernacki et al., 2020; Marín-Díaz et al., 2022; Vieira & Ribeiro, 2018), or 
as supplementary and substitute teaching materials (Wan-Sulaiman & Mustafa, 2020); 
but there are still very few initiatives that address the use of mobile devices in assess-
ment, a practice that is currently not widespread (Nikou & Economides, 2016).

It should also be considered that the ultimate decision on the use of technological 
devices for assessment in their classrooms, whether face-to-face or in technology-medi-
ated instruction, rests with the teachers (Olimov, 2021). The knowledge of the factors 
influencing the teacher’s decision to use technology and to know the current state of 
its technological acceptance will contribute to establishing appropriate training policies 
based on an effective and real diagnosis, which will allow teachers to be trained in those 
aspects in which they face limitations for the inclusion of technology in the assessment 
process (García-Aretio, 2019).

The determination of this acceptance and its factors is nowadays addressed through 
different technology acceptance models described in the literature and validated in 

Fig. 1 Technology acceptance model (Davis, 1989)
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practice, with the TAM model (Davis, 1989; Fishbein & Ajzen, 1975). Regarding the 
variables that the TAM model includes (Fig. 1), Davis (1989) described the behavioural 
intention to use through the attitude toward using and stated that the factors that deter-
mine them are usefulness, understood as “the degree to which a person believes that 
using a particular system would enhance their job performance” (p. 320) and perceived 
ease of use, defined as “the degree to which a person believes that using a particular sys-
tem would be free from effort” (p. 320).

The TAM model has been widely discussed in studies on the technological acceptance 
of teaching in virtual environments (Bizzo, 2021; Cruz-Benito et al., 2019; Terán-Guer-
rero, 2019) and in teaching via mobile devices (Hao et al., 2017; Mutambara & Bayaga, 
2021; Sánchez-Prieto et  al., 2017b), but few studies have addressed the technology 
acceptance of assessment using mobile devices. Among these models, Nikou and Econo-
mides (2017a, 2017b) are the most relevant authors in the study of the field with their 
proposal of the Mobile-Based Assessment Acceptance Model (MBAAM). This model, 
which is based on TAM, suggests the influence of ten factors that try to predict the per-
ceived ease of use and usefulness, thus increasing Davis’ (1989) explanation of the inten-
tion of use in this field.

Research on the acceptance of technology has mainly been carried out on in-service 
teachers (Sánchez-Prieto et al., 2019), hence this study proposes to explore the accept-
ance of technology in the group of future teachers, as they will be the main actors in 
these new e-learning or m-learning frameworks (Anisimova et  al., 2020; Castañeda-
Vázquez et al., 2019; Sánchez-Prieto et al., 2019).

Therefore, this research aims to study perceived usefulness and its current definition in 
this field. Given that the TAM model proposes a generic perceived usefulness, this pro-
posal is to reformulate the construct through two new models that specifically include 
formative and summative assessments, since, as indicated above, the use of mobile 
devices may vary depending on the type of assessment to be carried out. The research 
questions to be addressed are as follows:

• Which of the proposed perceived usefulness explains a higher intention to use 
mobile devices in e-assessment?
• What are the implications of formative and summative assessments for the con-
struct of perceived usefulness?

A review of the literature and the proposed models is provided in Sect. 2. The method-
ology is presented in Sect. 3, and the results are in Sect. 4. The discussion of the results 
and the conclusions are included in Sects. 5 and 6.

1.1  Literature review and models development

In educational practice, assessment is conducted from a dual perspective depending 
on its purpose, distinguishing between summative and formative assessments (Scriven, 
1967). In general, the summative assessment focuses on the final product and account-
ability, being a form of assessment aimed at obtaining a final grade (Knight, 2002). In 
contrast, formative assessment is focused on monitoring the process and all the factors 
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that influence it, being more oriented toward feedback and continuous improvement 
(Morris et al., 2021).

The debate in research on these assessment modalities has generated three differ-
ent currents: one assuming the non-differentiation between formative and summative 
assessments, the second one assuming their existence but independence, and the third 
one assuming their necessary complementarity for effective assessment (Lau, 2016). The 
three conceptions and their implications for the assessment process are presented below.

On the one hand, the first current describes assessment in general terms as a single 
whole, without distinguishing between process and product, and understanding its 
importance in terms of objectives and effectiveness (Mejía-Pérez, 2012). This current 
corresponds to the classical conception of assessment, without distinguishing between 
formative and summative modalities or exploring their possibilities (Shepard, 2006; 
Tyler, 1950).

On the other hand, the second current assumes their independence and is in favour of 
differentiating between the effects of the two on learning (Harlen & James, 1997; Patton, 
1996), treating both modalities independently and separately (Black & Wiliam, 1998). 
This is consistent with an established idea in assessment, which distinguishes between 
the effects of the two and considers that a new combined model may be a problem for 
teachers in the search for the combination of different techniques, objectives, and goals 
(MacLellan, 2001).

Finally, the third approach considers these assessments jointly, implying that the whole 
assessment process is considered as the sum of formative and summative assessments 
by a teacher (Ahmad & Bhat, 2019; Buchholtz et al., 2018), as their purposes are fully 
related and complementary for them in a complete process (Black et al., 2003) mediated 
by feedback and guidance aimed at the consecution of achievements and their final cer-
tification (Dixson & Worrell, 2016; Dolin et al., 2018).

1.2  Perceived usefulness modelling: a triple comparison

This study reports three TAM-based models with perceived usefulness defined from the 
three assessment perspectives to find out which one explains, to a greater extent, the 
perceived usefulness of mobile devices in e-assessment for teachers (Horvat et al., 2012). 
These models will reveal how most teachers understand assessment, which will provide 
insight into the actual usefulness of assessment and how best to identify it in accept-
ance models and may lead to the analysis of the implications for teacher education and 
training.

1.2.1  Model A: TAM: Perceived usefulness as a generic construct.

The first model understands assessment from a classical perspective (Tyler, 1950), 
assuming the generic perceived usefulness of the TAM model for its study. This useful-
ness means that if teachers perceive mobile devices as useful for assessment, they will be 
more likely to use them in their classrooms (Davis, 1989). According to this assumption, 
it is proposed that:
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• Perceived usefulness (PU) positively predicts teachers’ intention to use (BIU) mobile 
devices for e-assessment in future teaching practice (MAH1).

 A second predictor of the intention to use mobile devices is, according to TAM, the 
perceived ease of use, which assumes that all professionals who innovate in their teach-
ing must make an additional effort in terms of technical knowledge and training, taking 
on a greater workload for effective inclusion (Thorsteinsson & Niculescu, 2013). This 
research focuses on teachers in training, a group that is assumed to have greater ease of 
use of mobile devices given their native digital competence (Evans & Robertson, 2020), 
but, since this is not true in all scenarios, the assessment of this construct in the new 
models is recommended (Kimmons et al., 2017). Therefore, it is proposed that:

• Perceived usefulness (PU) positively predicts teachers’ intention to use (BIU) mobile 
devices for e-assessment in future teaching practice (MAH2).

 Furthermore, in the early stages of adopting technological tools, perceived ease of use 
can become an internal barrier that conditions both perceived usefulness and intention 
to use them (Sánchez-Prieto et al., 2019; Venkatesh & Bala, 2008). That is if teachers 
find it difficult to use a mobile phone for assessment, not only will it condition the final 
intention of use, but they will not find it useful in their teaching practice (Al-Gasawneh 
et al., 2022). The following is therefore proposed:

• Perceived ease of use (PEOU) positively predicts teachers’ perceived usefulness (PU) of 
mobile devices for e-assessment in their future teaching practice (MAH3).

The constructs of perceived usefulness, perceived ease of use, and behavioural intention 
from the TAM model are preserved in this study, but the construct of attitude toward using 
has been removed due to its limited moderating effect (Hu et al., 2003), thus simplifying the 
instrument by reducing the number of items. This elimination is justified by the evolution 
of the TAM model (Venkatesh et al., 2003) and by acceptance models applied in the educa-
tional field (Sánchez-Prieto et al., 2017a).

Having defined the three constructs proposed in TAM, the models presented in this 
paper are extended with the construct of self-efficacy to explore an antecedent of perceived 
usefulness according to the literature (Nikou & Economides, 2017b). Previous studies have 
shown that experience is a relevant factor in the use of mobile devices, based on the fact 
that the higher the level of skill and dexterity in their use, the less effort will be required to 
use them (Anderson, 1996); which is related to this perceived usefulness.

Self-efficacy is defined in research as an individual’s perception of their ability to use 
mobile devices to perform certain tasks (Nikou & Economides, 2017a). In the educational 
context, it can be inferred that the higher the level of skill with the use of devices (self-effi-
cacy), the greater the ease of use and perceived usefulness in assessment processes (Pik-
karainen et al., 2004; Wang et al., 2020). Based on these premises, it is proposed that:

• Mobile self-efficacy (MSE) will have a positive effect on teachers’ perceived usefulness 
(PU) in using mobile devices for e-assessment (MAH4).

Accordingly, the first model proposed is the TAM model, which presents mobile self-
efficacy as an antecedent of perceived usefulness based on Nikou and Economides’ (2017b) 
construction of the construct (Fig. 2).
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1.2.2  Model B (MB): Formative perceived usefulness and summative perceived usefulness

A second model is based on the understanding of summative and formative assessments 
as two distinct dimensions (MacLellan, 2001), and converting the original utility of the 
TAM model into a specific utility for each of the assessments.

The construction of the model has been based on the perceived usefulness construct 
of Davis (1989), the theoretical analysis of formative and summative assessments pre-
sented here, and following Moore & Benbasat’s proposal for modelling (1991). These 
new utilities are also derived from Scriven’s distinction (1991) and the formulation of 
two parallel and distinct constructs. Therefore, the hypotheses regarding perceived 
usefulness are as follows:

• Perceived usefulness of formative assessment (PUFA) positively predicts teach-
ers’ intention to use (BIU) mobile devices for e-assessment in future teaching 
practice (MBH1).
• Perceived usefulness of summative assessment (PUSA) positively predicts teach-
ers’ intention to use (BIU) mobile devices for e-assessment in future teaching 
practice (MBH2).

In addition, the constructs of ease of use (PEOU), behavioural intention (BIU), and 
mobile self-efficacy (MSE) are maintained from the previous model, preserving the 
hypotheses to test the differences between the models. Having two perceived useful-
ness, the PEOU and MSE constructs establish a double hypothesis, one for each util-
ity, such that:

• Perceived ease of use (PEOU) positively predicts teachers’ intention to use (BIU) 
mobile devices for e-assessment in their future teaching practice (MBH3).
• Perceived ease of use (PEOU) positively predicts teachers’ perceived usefulness 
of mobile devices in formative assessment (PUFA) for e-assessment in their future 
teaching practice (MBH4).
• Perceived ease of use (PEOU) positively predicts teachers’ perceived useful-
ness of mobile devices in summative assessment (PUSA) for e-assessment in their 
future teaching practice (MBH5).
• Mobile self-efficacy (MSE) will have a positive impact on teachers’ perceived 
usefulness of mobile devices in formative assessment (PUFA) for e-assessment 
(MBH6).

Fig. 2 First proposed model (MA)
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• Mobile self-efficacy (MSE) will have a positive impact on teachers’ perceived 
usefulness of mobile devices in summative assessment (PUSA) for e-assessment 
(MBH7).

The second model of the study is thus the combination of two constructs of perceived 
usefulness of the formative and summative assessments, the constructs of the TAM 
model and mobile self-efficacy (Fig. 3).

1.2.3  Model C (MC): Perceived usefulness of assessment as a formative construct

A third group of authors considers assessment as a combination of summative and 
formative assessments, assuming that the assessment process is the sum of its com-
ponents (Dolin et  al., 2018). This implies adopting, in acceptance models, a single 
construct that brings together the indicators defined in the previous model for the 
perceived usefulness of formative and summative assessments, establishing a single 
dimension of assessment, the assessment perceived utility (APU).

This dimension is understood as a formative construct, assuming that the sum of 
all indicators provides the overall measure of the dimension (Simonetto, 2012), the 
usefulness of assessment. Consequently, the following hypothesis is formulated for 
perceived usefulness:

• Perceived usefulness (PU) positively predicts teachers’ intention to use (BIU) 
mobile devices for e-assessment in their future teaching practice (MCH1).

 As in the previous model (MB), the constructs of ease of use (PEOU), behav-
ioural intention (BIU), and mobile self-efficacy (MSE) are kept from the original 
model, and the hypotheses of these constructs are maintained to carry out the triple 
comparison:
• Perceived ease of use (PEOU) positively predicts teachers’ intention to use (BIU) 
mobile devices for e-assessment in their future teaching practice (MCH2).
• Perceived ease of use (PEOU) positively predicts teachers’ perceived usefulness of 
mobile devices for e-assessment (APU) in their future teaching practice (MCH3).
• Mobile self-efficacy (MSE) will have a positive impact on teachers’ perceived use-
fulness of mobile devices for e-assessment (APU) (MCH4).

The third and final model is the sum of a single construct on assessment (bringing 
together the items of perceived usefulness of formative and summative assessments), 

Fig. 3 Second proposed model (MB)



Page 8 of 23Ortiz‑López et al. Journal of New Approaches in Educational Research            (2024) 13:2 

and the constructs of the TAM model with self-efficacy as a predecessor of perceived 
usefulness (Fig. 4).

The methodology followed is presented in Sect.  3. The results are included in 
Sect. 4, whereas the conclusions, main findings, limitations, and future prospects are 
in Sect. 5.

2  Methods
2.1  Measurement tool

To conduct this study, a questionnaire consisting of a set of identity variables and 
the items that compose the dimensions has been designed. The socio-demographic 
identity variables included are age, gender, the academic degree of access to the 
master’s degree, teaching experience, and the mean number of hours of daily use of 
mobile devices. The second section consists of 27 items to assess acceptance through 
the study constructs using a Likert scale ranging from 1 to 7 (1 = strongly disagree, 
7 = strongly agree) (Matas, 2018). The complete list of items can be found in the com-
plementary database to this research, available at: https:// bit. ly/ 3T3DK 8q.

The measurement tool designed is based on the analysis of current models of tech-
nology acceptance assessment (Davis, 1989; Nikou & Economides, 2017a, 2017b; 
Venkatesh & Bala, 2008; Venkatesh & Davis, 2000) and the evaluation of comparative 
structural equation models developed in PLS-SEM in the field of m-learning (Alshu-
rideh et al., 2020).

In its construction, the items related to behavioural intention, perceived ease of use, 
and perceived usefulness have been taken and adapted from the TAM3 model (Ven-
katesh & Bala, 2008), an evolution of the original proposal by Davis (1989), adapting 
them for mobile technologies in e-assessment. The items related to the perceived use-
fulness of formative and summative assessments (model B) have been developed by 
the authors based on the considerations of Moore and Benbasat (1991) and the delim-
itation of the classical concept of formative and summative assessments (Scriven, 
1967). Finally, the mobile self-efficacy construct has been adapted from the original 
self-efficacy proposal (Anderson, 1996) and its adaptation to the field of mobile tech-
nologies (Nikou & Economides, 2017a).

The administration of the questionnaires, the entire design process, and results and 
data processing have been approved by the Research Ethics Committee of the Uni-
versity of Salamanca. Data collection was conducted in November 2022, with a total 

Fig. 4 Third proposed model (MC)

https://bit.ly/3T3DK8q
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survey period of 28 days. The questionnaire was distributed through the LimeSurvey 
application (Engard, 2009).

2.2  Population and sample

The study population is composed of students enrolled in the Master’s Degree in 
Teacher Training for Secondary and Upper-Secondary Education, Vocational Train-
ing and Languages, which is specific training for teachers before access to the teach-
ing profession, responsible for providing pedagogical knowledge to graduates in 
the areas of knowledge related to teaching in Secondary Education (Vilches & Gil, 
2010). This study addresses the group of teachers in training as this is a period which, 
depending on its development, can be a barrier or a driver in technological changes 
and the training of future teachers (Sánchez-Prieto et  al., 2019). The questionnaire 
was administered to the students of the University of Salamanca (N = 292), and 262 
responses were collected.

2.3  Data analysis technique

The partial least squares structural equation modelling (PLS-SEM) has been applied in 
this study to analyse the data collected from the questionnaires. The analysis was carried 
out using the statistical software SmartPLS 3.2.9 (Hair et al., 2019; Sarstedt et al., 2016) 
and consisted of several steps: the evaluation of the measurement model (convergent 
validity and reliability analysis, collinearity and cross-loading checks), the evaluation of 
the structural model (study of the effects, effect sizes, and mediations) and the behav-
ioural explanation of the model (predictive power and model fit indicators) (Bayaga & 
Kyobe, 2021; Hair et al., 2022).

This study is based on PLS-SEM given its characteristics, as it presents a triple com-
parison focused on perceived usefulness in which one of the models considers the use-
fulness construct as formative, an analysis that is only possible using PLS-SEM (Ajms, 
2015; Bollen, 2011).

3  Results
First, a description of the mean scores on the questionnaire items (which will later form 
the basis for the study of the different models) is presented (Fig. 5). The dimensions with 
the highest mean score were perceived ease of use (x̅ = 4.75), intention to use (x̅ = 4.27), 
and perceived usefulness of mobile devices in e-assessment (x̅ = 4.22). In contrast, 
the lowest mean scores were found in the usefulness of mobile devices for summative 
assessment (x̅ = 3.90), mobile self-efficacy (x̅ = 4.18), and perceived usefulness of mobile 
devices for formative assessments (x̅ = 4.18).

In an initial approximation to the differences between the perceived usefulness accord-
ing to the models, it was observed that future teachers rated the generic perceived use-
fulness higher, as it does not distinguish between summative and formative assessments 
in its formulation, which may be due to the fact that the formulation of items is dif-
ferent, and the results can hardly be compared in purely descriptive terms. However, 
the comparison between the perceived usefulness of formative assessment (x̅ = 4.18) 
and the perceived usefulness of summative assessment (x̅ = 3.90) showed higher values 
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Table 1 Item reliability and convergent validity analysis (reflective variables)

Latent variable Indicator Loading α CR AVE

Model A (MA): PU + PEOU + BIU + MSE
 BIU BIU_01 0.931 0.924 0.952 0.869

BIU_02 0.650

BIU_04 0.915

 PEOU PEOU_02 0.829 0.794 0.869 0.690

PEOU_03 0.739

PEOU_04 0.914

 PU PU_01 0.887 0.909 0.936 0.786

PU_02 0.908

PU_03 0.900

PU_04 0.851

 MSE MSE_01 0.851 0.881 0.916 0.732

MSE_02 0.903

MSE_03 0.863

MSE_04 0.803

Model B (MB): PUFA + PUSA + PEOU + BIU + MSE
 BIU BIU_01 0.932 0.924 0.952 0.869

BIU_02 0.948

BIU_04 0.916

 PEOU PEOU_02 0.828 0.794 0.869 0.689

PEOU_03 0.739

PEOU_04 0.915

 PUFA PUFA_01 0.823 0.885 0.917 0.688

PUFA_02 0.863

PUFA_03 0.868

PUFA_04 0.735

PUFA_05 0.851

 PUSA PUSA_01 0.828 0.894 0.922 0.703

PUSA_02 0.859

PUSA_03 0.810

PUSA_04 0.816

PUSA_05 0.878

 MSE MSE_01 0.844 0.881 0.917 0.734

MSE_02 0.903

MSE_03 0.865

MSE_04 0.811

Model C (MC): APU (Formative) + PEOU + BIU + MSE
 BIU BIU_01 0.932 0.950 0.964 0.869

BIU_02 0.948

BIU_04 0.916

 PEOU PEOU_02 0.829 0.776 0.851 0.689

PEOU_03 0.735

PEOU_04 0.916

 MSESSS MSE_01 0.776 0.881 0.917 0.734

MSE_02 0.864

MSE_03 0.892

MSE_04 0.863
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for formative assessment. Therefore, it is suggested that future teachers find the use 
of mobile devices more useful in formative assessments, which will be explored below 
through the structural equation analysis conducted.

3.1  Evaluation of the measurement model

The evaluation of the measurement model included the study of reliability (composite 
reliability index), construct validity (convergent validity [average variance extracted, 
AVE]), and Cronbach’s alpha. Data for the first two models (reflective models) and the 
reflective part of the third model (MC) are shown in Table  1. Regarding the weights, 
following the recommendations of Hair et  al. (2010), indicators with loadings higher 
than 0.5 were accepted; and those with a lower value were removed (BIU_03, PEOU_01, 
and MSE_05 were removed in the three models). After the removal, the reliability of the 
items was confirmed. The results also confirmed convergent validity through the AVE, 
the Cronbach’s alpha (α), and the composite reliability (CR); with values above 0.5, 0.7, 
and 0.6; respectively (Fornell & Larcker, 1981).

For the formative construct of the usefulness of the evaluation of the third model 
(MC), the values of the variance inflation factor (VIF), which will enable us to dismiss 
problems of collinearity (Hair et al., 2022), are presented in Table 2, with the acceptance 
of items with values lower than 5 (Hair et al., 2021), and, as all of them were below the 
indicated value, the analysis was therefore continued. Subsequent bootstrapping tech-
niques with 5000 sub-samples (Hair et al., 2022) revealed low weights of the indicators. 
However, the recommendation is to retain items with low weights if the loadings are 
higher than 0.5 (Hair et al., 2021; Ramayah et al., 2017); hence, all items were retained 
even if they did not contribute to explaining the dimension. Under this paradigm, the 
perceived usefulness dimension of the assessment (MC) was maintained, but its items 
do not fully define it.

Discriminant validity was assessed according to two criteria: the Fornell-Larcker cri-
terion (Fornell & Larcker, 1981) and the heterotrait-monotrait ratio of correlations 
(HTMT) (Henseler et al., 2015). The results showed optimal discriminant validity for all 
three models (Table 3).

Table 2 VIFs, weights, loads and p‑values of the formative construct indicators (MC)

VIF Weight Weight CI Load p-Value

APU_01 (RAFA1) 2.309 0.366 0.202–0.537 0.810 0.000

APU_02 (RAFA2) 2.635 0.182 0.006–0.377 0.817 0.058

APU_03 (RAFA3) 3.418 ‑0.119 ‑0.315–0.081 0.734 0.228

APU_04 (RAFA4) 2.116 0.094 ‑0.084–0.269 0.673 0.272

APU_05 (RAFA5) 3.139 0.311 0.125–0.503 0.848 0.001

APU_06 (RASA1) 2.753 0.091 ‑0.092–0.287 0.617 0.323

APU_07 (RASA2) 3.037 0.078 ‑0.142–0.256 0.761 0.428

APU_08 (RASA3) 2.923 0.162 ‑0.051–0.315 0.718 0.069

APU_09 (RASA4) 2.645 0.167 ‑0.028–0.390 0.629 0.101

APU_10 (RASA5) 3.666 ‑0.030 0.245–0.174 0.737 0.775
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3.2  Structural validity of the model

The analysis of the structural validity of the models included the description of the 
adjusted  R2 values, i.e. the explained variance (Cohen, 1988). The first model (MA) 
explained 0.48 of the behavioural intention to use, while the second model (MB) 
explained 0.58 of it, and the third one (MC) explained 0.59, being MC the model with 
the highest percentage of explained variance. Furthermore, the Stone-Geisser test results 
(Geisser, 1974; Stone, 1974) showed positive values at  Q2 for each model, confirming 
their predictive relevance.

The path coefficients (Hair et al., 2022) of the three models are shown in consecutive 
order in Fig. 6. In the first model (MA), usefulness positively predicts intention to use 
mobile devices (MAH1 is accepted), and ease of use positively predicts intention to use 
(MAH3 is accepted, but MAH2 is not confirmed). Regarding the second model (MB), 
the usefulness of formative assessment and usefulness of summative assessment posi-
tively predict final intention to use (accepting MBH1 and MBH2), while ease of use is 
only a predictor of formative usefulness (accepting MBH4 and rejecting MBH5). In the 
third model (MC), the formative construct “perceived usefulness of assessment” posi-
tively predicts behavioural intention to use (MHC1), but in this model ease of use does 
not predict intention to use nor is it a predictor of the usefulness of mobile devices in 
assessment (MHC2 and MCH3 are not accepted).

Finally, mobile self-efficacy is confirmed as a predictor of ease of use in all three pro-
posed models, including the perceived usefulness of TAM (MAH4 is accepted), the two 
differentiated usefulness constructs of model two (MBH5 and MBH6 are accepted), as 
well as the third model (MCH4 is accepted).

Table 3 Discriminant validity tests for the three models

Forner-Larcker Heterotrait-Monotrait

Model A (MA): PU + PEOU + BIU
BIU MSE PEOU PU BIU MSE PEOU PU

BIU .909

MSE .397 .831 0.631

PEOU .688 .423 .848 0.368 0.640

PU .773 .489 .802 .860 0.744 0.678 0.418

Model B (MB): PUFA + PUSA + PEOU + BIU
BIU MSE PEOU PUFA PUSA BIU MSE PEOU PUFA PUSA

BIU 0.932

MSE 0.592 0.856 0.631

PEOU 0.361 0.550 0.830 0.368 0.640

PUFA 0.733 0.561 0.415 0.829 0.806 0.615 0.440

PUSA 0.629 0.530 0.324 0.666 0.839 0.687 0.574 0.337 0.741

Model C (MC): APU (Formative) + PEOU + BIU
APU BIU MSE PEOU BIU MSE PEOU

APU ‑

BIU 0.765 0.932

MSE 0.620 0.591 0.857 0.631

PEOU 0.422 0.361 0.5551 0.830 0.368 0.640
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The bootstrapping results (Davison & Hinkley, 1997) (Table 4) show the significance of 
the relationships proposed above, as well as the effect sizes of each of these relationships 
(small: 0.02 ≤ f2 < 0.15; median: 0.15 ≤ f2 < 0.35; large: ≥ 0.35) (Cohen, 1988).

Previous research has found that variables such as perceived ease of use can have 
a direct but also an indirect effect on other study variables (Rothmann, 2015). It is 
therefore important to evaluate these effects to determine whether perceived ease of 
use influences behavioural intention to use through other constructs, thus providing a 
complete understanding of the model. The indirect effects, their size, and significance 
are shown in Table 5. It follows from this table that ease of use has an indirect effect 
on behavioural intention to use only in model B, through the perceived usefulness 
of mobile devices for formative assessment. Moreover, self-efficacy has an indirect 
effect in all three models reported, acting through the perceived usefulness described 
in model A, the two perceived usefulness (formative and summative) in model B, and 
the perceived usefulness of assessment in model C.

To conclude the analysis of the results, it should be emphasised that this study 
aimed to carry out a triple comparison between a model based on the generic utility 
of TAM (MA), a model with two differentiated usefulness in formative and summa-
tive assessments (MB) and a model with a single usefulness of formative and summa-
tive assessments (MC). After confirming the validity of the models (reliability of the 
items and validity), we proceed to describe the differences found in their effect sizes. 
MA, MB and MC can predict behavioural intention through perceived usefulness 
with a large effect size (except MBH2, which predicts it with a small effect size). Ease 
of use has a medium effect size on the behavioural intention for model A and forma-
tive usefulness for model B. Finally, self-efficacy in using mobile devices has a large 
effect on perceived usefulness (MA) and perceived usefulness of assessment (MC), 
and a medium effect on perceived usefulness for summative and formative assess-
ments (MB).

The predictive relevance (Q2) of the three models confirms that all three models have 
predictive power. According to this criterion, the best model is determined to be the 
one with the highest score in the comparison (Hair et al., 2011, 2013), with MC being 
the most parsimonious and generalisable model (Sharma & Kim, 2012), practically equal 
to MB. Considering the Akaike information criterion (AIC) (Bozdogan, 1987), model C 
is significantly better than model B, as are models B and C with regard to model A. The 
criterion, which has high predictive power and is stable for model comparison (Sharma 
et al., 2022), also confirms MC as the best model, followed by MB (Table 6).

After completing the description of the results, the discussion and conclusions drawn 
from the comparative study, as well as the limitations of the research and future pros-
pects, are covered in Sect. 5.

Fig. 6 Proposed structural models (from top to bottom: MA, MB and MC)
(See figure on next page.)
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Fig. 6 (See legend on previous page.)
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4  Discussion
The study highlights the importance of the usefulness of mobile devices in assessment 
processes by teachers in training. In response to the research questions posed (R1 and 

Table 4 Direct effects

Path coefficient: * (significative), ns (no significative)

Size effect (f2): ns no significant; a: small; b: medium; c: big

Path Coeff CI f2 Results

Model A (MA): PU + PEOU + BIU
 PU > BIU 0.647* 0.554–0.731 0.676c MAH1 Supported

 PEOU > PU 0.077 ns ‑0.044–0.203 0.007 MAH2 not supported

 PEOU > BIU 0.100* 0.003–0.204 0.016a MAH3 supported

 MSE > PU 0.593* 0.490–0.697 0.416c MAH4 supported

Model B (MB): PUFA + PUSA + PEOU + BIU
 PUFA > BIU 0.546* 0.437–0.655 0.359c MBH1 supported

 PUSA > BIU 0.248* 0.122–0.371 0.080a MBH2 supported

 PEOU > BIU 0.054 ns ‑0.030–0.139 0.006 MBH3 not supported

 PEOU > PUFA 0.153* ‑0.008–0.289 0.024b MBH4 Supported

 PEOU > PUSA 0.046 ns ‑0.093–0.181 0.002 MBH5 not supported

 MSE > PUFA 0.477* 0.316–0.591 0.238b MBH6 supported

 MSE > PUSA 0.505* 0.335–0.594 0.248b MBH7 Supported

Model C (MC): APU (Formative) + PEOU + BIU
 APU > BIU 0,746* 0,687–0,820 1.108c MCH1 supported

 PEOU > BIU 0.116 ns ‑0.025–0.260 0.015 MCH2 not supported

 PEOU > APU 0.046 ns ‑0.042–0.118 0.004 MCH3 not supported

 MSE > APU 0.556* 0.448–0.683 0.354c MCH4 Supported

Table 5 Indirect effects

Effect coefficient: * (significant), ns (no significant)

Eff. Coeff Conf. Interv

Model A (MA): PU + PEOU + BIU
 MSE > BIU 0.384* 0.297–0.477

 PEOU > BIU 0.050 ns ‑0.028–0.131

Model B (MB): PUFA + PUSA + PEOU + BIU
 MSE > BIU 0.386* 0.284–0.491

 PEOU > BIU 0.095* ‑0–001‑0–188

Model C (MC): APU (Formative) + PEOU + BIU
 MSE > BIU 0.414* 0.326–0.532

 PEOU > BIU 0.087 ns ‑0–020‑0.196

Table 6 Model comparison

Model A (MA) Model B (MB) Model C (MC)

Q2 0.410 0.492 0.498

Akaike Information Criteria 
(AIC)

97,276 46,723 37,065

Bayesian information 
criterion (BIC)

‑156,174 ‑203,238 ‑216,386
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R2), the model that best predicts the intention to use mobile devices is the one that con-
siders perceived usefulness as a formative construct (MC). However, when considering 
that seven of the ten items of the formative construct of usefulness are not significant 
for its assessment, it can be stated that the best model in predicting intention to use is 
model B since it only predicts 1% less than the previous one and maintains all the items 
in two distinct constructs.

Therefore, the usefulness of assessment should be approached as two distinct sources, 
since both reflective modelling (MB) and formative modelling (MC) that specifically 
consider the usefulness of assessment perform better than Davis’ (1989) generic model. 
Future acceptance studies should not address usefulness in a non-specific way, which 
would fail to consider the differences that teachers set for the use of mobile devices 
between both and which have been confirmed in this study.

4.1  Implications of assessment for technology adoption models

Previous studies have shown the relevance of generic perceived usefulness in models of 
technology adoption in the field of m-learning (Harchay et al., 2019), but to date no lit-
erature has been published on perceived usefulness that addresses the particularities of 
assessment, generating here two new models more specific to the field. This work high-
lights the relevance of assessment in teaching processes, interpreted from the perspec-
tive of the usefulness of technology for this purpose, making its determination crucial 
for the study of the intention to use it for teaching.

The results of the second model (MB), which addresses formative and summative 
assessments in differentiated constructs, suggest that teachers attach greater importance 
to the use of mobile technology in formative assessments, also acting as a greater pre-
dictor of the intention to use mobile technology in assessment. This idea is in line with 
the literature, as formative assessments are perceived as more flexible and open to inno-
vations (Nikou & Economides, 2021) while traditional assessments are still reluctant to 
include new techniques in their processes (Shepard, 2006).

The study also supports the association between self-efficacy in the use of mobile 
devices and perceived usefulness in the three models, which confirms that this is an 
influential factor related to the perceived usefulness of technology in assessment (Rah-
mawati, 2019). This statement confirms the potential of ICT in the teaching–learning 
process, as a teacher who is prepared and effective in the use of technology will perceive 
the usefulness for assessment processes in a much higher way, and his or her intention to 
use technology and change methodologies towards virtual environments will be higher.

4.2  Implications of the study for teaching practice

Regarding teaching, the study reveals the importance of continuous teacher training on 
improving the usefulness of mobile devices, especially for the formative assessments. 
Work on the usefulness of mobile devices through new assessment techniques and new 
tools is already a reality in continuous training in many countries (Jin et al., 2021), try-
ing to encourage a change in teaching towards the inclusion of technology in classroom 
practice.
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Moreover, the models developed have confirmed self-efficacy in the use of mobile 
devices as a relevant factor in both usefulness and intention to use, in line with the 
studies by Nikou and Economides (2017a, 2017b). Therefore, teaching practice should 
promote training and the development of specific policies focused not only on the use-
fulness or the basics of assessment but also make teachers effective in the use of mobile 
devices for their teaching–learning processes and their assessments.

Finally, it has also been found that ease of use is only a significant factor in the rela-
tionship with the perceived usefulness of formative assessment (model B). This fact can 
be explained by the regular and standardised use of mobile devices in modern society 
(Smith, 2021), especially among future teachers, being the highest dimension of the 
study in the descriptive analysis carried out.

4.3  Implications of the study for initial teacher training

The research confirms the need for training based on technological and pedagogical 
innovation rather than training in the use of mobile devices, a less relevant construct for 
these assessment models. This innovation should be focused on working on self-efficacy 
in the use of devices and the perceived usefulness of teachers in their use in assessment, 
assuming that the training in their use has been completed (Domingo-Coscollola et al., 
2020).

This new approach of training in assessment through mobile devices concerning self-
efficacy and technological usefulness will be of great relevance in order to have future 
teachers with a high intention of use, who are updated in assessment techniques and 
the use of mobile devices for this purpose and who have an intention of use following 
the new educational scenarios, achieving the transition of education towards the new 
educational reality (Souabi et al., 2021). These specific changes in the training of future 
teachers require, ultimately, the establishment of new training policies in higher educa-
tion institutions and the design of new, updated study plans, with technologically com-
petent teaching staff and with innovation as the sole focus of training, reaffirming the 
need for a new education mediated by technology (Canales-García et al., 2020; Skulmo-
wski & Rey, 2020).

5  Conclusions
Technology adoption in education has been addressed in numerous models, mostly in 
the field of e-learning and in studies related to methodology, but there is little research 
focused on the technological acceptance of mobile devices in e-assessment (Alrfooh & 
Lakulu, 2020).

This study has not only explored this area of the teaching process in depth but has also 
included an exhaustive analysis based on the theoretical currents on the conception of 
assessment and the study of its usefulness, which is based on the evaluation of three dif-
ferent technology acceptance models in future teachers. This research contributes to the 
advancement of knowledge from the following perspectives:

(1) First, this research supports the differences between summative and formative 
assessments from the teacher’s perspective and the importance of considering them 
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specifically as two different usefulness of mobile devices for assessment in technol-
ogy adoption models, explaining a higher percentage of the intention of use than 
the TAM model in its generic conception.

(2) Second, a greater relevance of formative assessment compared to summative 
assessment is observed in the specific adoption models (MB, MC). Perceived use-
fulness of formative assessment explains a higher intention to use in the model with 
two constructs (MB), and more items are representative of formative usefulness 
than of summative usefulness in the model with the formative construct of per-
ceived usefulness of assessment (MC).

(3) Third, the results suggest the high predictive power and functioning of self-efficacy 
in the use of mobile devices on the perceived usefulness of assessment, being an 
appropriate construct in all three proposed models. However, ease of use is a factor 
of lesser relevance and explanatory power, possibly as a consequence of the current 
digital competence of the teachers.

(4) Finally, the initial training of future teachers and in-service teachers training should 
focus on the development of formative assessment work, the effective use of mobile 
devices in teaching, and their usefulness in assessment processes, to increase their 
intention to use mobile technology in assessment.

This study has some limitations. From a methodological perspective, the results may 
have been compromised by the access to the sample. Despite trying to ensure hetero-
geneity by applying the questionnaire to all students enrolled in the master’s degree, all 
participants share the training within the same academic programme. Future studies 
could widen the participation of students from other institutions and geographical areas, 
leading to more generalisable results. Future research could also already consider the 
specific usefulness of summative and formative assessments as the main usefulness of 
the model, extend the study and analyse its relationship with other related antecedents.
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