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Abstract

Teachers in developing countries are facing increasing social and political pressure to use

Information and Communication Technologies (ICT) to improve the access to and the qual-

ity of education available to young people. This is a core part of several government-led ini-

tiatives to attain the United Nations Sustainable Development Goal 4-quality education.

While there is no shortage of ICT, the adoption for actual use in the classroom is often a hur-

dle for teachers, due to various concerns they harbour. This research study used the Con-

cerns-Based Adoption Model (CBAM) to assess the stages of concern of 340 Nigerian

teachers about adopting and integrating ICT in the classroom. The findings indicated that

teachers’ concerns were most intense in the awareness, management and information

stages respectively, and lowest at the collaborative and consequence levels. Further exami-

nation of the results also shows a significant relationship between the stages of concern and

teachers’ personal attributes like teaching experience, age and the class level they teach.

These findings provide practical insights into how to better create effective teacher profes-

sional development interventions, to assist teachers in adopting and integrating ICT, to

enhance the learning experience of young people within the classroom.

Introduction

A steady proliferation of ICT in everyday life has led to an increased interest in their applica-

tion to education. As pandemics continue to cause disruptions to educational systems across

the world, Educational Technology (EdTech) advocates and researchers predict that more

learning and teaching will happen via ICTs now and in the coming years [1,2]. This study

adopts the general definition of ICTs as “information and communication technologies that

enable the production, storage and handling of information, and facilitate different forms of

communication between human beings and electronic systems and among electronic systems

in digital, binary computer language” [3]. Some of these ICTs include mobile and web applica-

tions, digital games, tablets, laptops, social media and mobile phones [4]. As young people

increasingly get exposed to ICTs, the debate has moved from ‘should they be using them?’, to

how educational benefits can be acquired from their use [5]. Numerous studies have
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established that ICTs are indeed useful for learning. Studies have shown that Web 2.0 technol-

ogies can also provide better learning engagement and support for students to learn actively

and collaboratively [6]. Witt et al. [7] identified convenience (easy access), portability (any-

where access) and immediacy (anytime access) as benefits in their study of students’ use of tab-

lets for learning. A handful of studies maintain that digital games have the potential to help

learners inculcate 21st century skills like creativity, critical thinking, collaboration and com-

munication [8,9]. In their study of the use of mobile digital games in the traditional classroom,

Dele-Ajayi et. al. [5] found that young people who used mobile games as supplements in math-

ematics classrooms had a better learning experience and participated more than those who did

not.

For many developing countries, the most important value of ICTs lies in its student-centric

approach as it encourages the active participation of students in learning activities. In Nigeria

for example, many classrooms are considered to be unengaging, boring and teacher-centred

[10] with rote learning and memorisation of facts prevalent in classroom education. ICTs have

the potential to improve the participation of young people by increasing their motivation and

providing a more engaging classroom experience. Despite the advantages that ICTs offer

within the traditional classroom; evidence suggests that it can cause disruption to the tradi-

tional classroom dynamics teachers are already used to [10]. This is a plausible explanation as

to why classrooms across the world, especially those in developing countries are yet to fully

experience the benefits that ICTs and EdTech offer [11]. Teaching professionals are the main

drivers of change in the classroom and the adoption of ICTs is often heavily dependent on

them. Likewise, the successful continued use is greatly determined by how well a teacher inte-

grates ICTs for teaching and learning within the classroom [12]. While teachers are increas-

ingly using ICTs in their daily lives, they have not adequately adopted these for use in the

classroom [13]. Many studies have sought to understand the process of acceptance of ICTs by

teachers using Technology Acceptance Models (TAMs) [14,15] and the Innovation Diffusion

Theory [16].

In the specific context of developing countries, several studies have also explored the barri-

ers to ICT adoption and integration. In Ghana, studies show that insufficient teaching technol-

ogy expertise [17], lack of adequate training and access issues are barriers to teachers using

ICTs in education [18]. Teachers in South Africa reported that unreliable electricity was a bar-

rier to the use of ICTs for teaching in their classrooms [19]. Likewise, in Nigeria, teachers iden-

tified unstable educational curricula, poor orientation towards ICT and government policy as

barriers to adoption in the classroom [13]. As majority of the schools in Nigeria are govern-

ment owned, the practices in these schools are often influenced strongly by the policies of the

government. According to a rapid scan of the EdTech space in Nigeria [20], the Nigerian gov-

ernment has an ICT in education policy [21] which was developed due to a need for coordina-

tion and standardization of the deployment of ICT in education. In addition to this policy, a

National Implementation Guideline for ICTs in Education [22] was also developed to give

clear instructions to education stakeholders across the country in the deployment of technol-

ogy in education. The authors [20], based on their study, say that, very little progress has been

made in putting into action these policies and guidelines as schools in Nigeria are still not

equipped enough in the use of ICTs in the classroom. They also highlighted that data on state

of ICT infrastructure in primary and secondary schools in Nigeria is not always readily avail-

able, majorly because the data were never collected, or it’s not made available to the public.

They however, made their conclusions based on the statements from a representative of the

ministry of education, who said, the technological situation in most primary and secondary

schools is generally bad. Majority of the primary schools do not have access to electricity, inter-

net access or computing devices for teaching or learning. The situation is fairly better in
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secondary schools where they are connected to electricity but with several weeks of blackout

and when available, very low current. They often resort to the use of generators which are

often restricted to specific places in the schools like the principals’ offices. The secondary

schools, like the primary schools, do not have internet connectivity. Even though, there have

been projects and initiatives carried out by the federal and state governments, private institu-

tions and non-profit organizations, to improve access to ICTs in schools, like installation of

solar panels to supply electricity to schools, donations of computers and laptops to schools,

etc., there are still a lot of schools that do not have these infrastructures. For those who have,

due to lack of maintenance and poor use of the infrastructure, they begin to fail. This situation

in Nigeria, apart from the perception of teachers makes the adoption of technology in the

classroom difficult.

Due to cultural, social and individual differences, teachers across the world perceive tech-

nology differently and their use of technology in education is strongly determined by how they

think and feel about it [23]. Ertmer et. al. [24] broadly classified barriers to adopting and using

technology under first and second order barriers. The first-order barriers are external: those

related to resources e.g. access to technology, technical and administrative support and sec-

ond-order barriers are internal: those barriers related to teachers and their attitudes e.g. beliefs

about classroom practices and routines, unwillingness to embrace change and beliefs about

teaching and learning. Ertmer et. al. [24] maintained that the second-order barriers often pres-

ent a bigger challenge than the first-order barriers. Essentially, teachers are more likely to suc-

cessfully navigate and tackle first-order barriers like lack of administrative and technical

support if they have overcome second-order barriers like attitudes and belief about technology.

In the process of integrating innovative ICT within classrooms, governments often use special-

ised professional development programmes as a means of addressing poor orientation and

teachers’ skills gap in the use of technology [25]. It has been established that the willingness

and ability of teachers to adopt and integrate ICTs in their classrooms for teaching is depen-

dent on the quality of the professional development training they receive [23,26]. However,

not all professional development programmes are effective as they often focus on skills acquisi-

tion rather than supporting the change process that teachers undergo in adopting and integrat-

ing innovation within the classroom [27]. In designing effective professional development

programmes to support the change process, teachers’ concerns about making the change need

to be accurately identified and addressed. A few studies have been conducted on teachers’ con-

cerns and experiences about using ICTs and other innovations in the classroom in different

parts of the world, mostly from western countries [28] where educational institutions are con-

sidered to be more matured and better positioned for technology adoption. To the best of the

authors’ knowledge, this is the first study conducted into the concerns of schoolteachers about

using ICT within the classroom in Nigeria. Nigeria has the largest population in Africa [29]

and is currently dealing with a huge learning crises. A report by UNICEF [30] states that one

in every five of the world’s out-of-school children is in Nigeria, with a total of 10.5 million chil-

dren currently out of school [31]. There is a growing interest within governments and from

funders towards the potential of ICT for addressing some of the learning crises [32,33].

Although research into the adoption and integration of technology is in its infancy [11] the

authors hope that the results of this study would provide useful insights into how best teachers

can be supported to use ICT in their classrooms.

Theoretical framework

This study used the Concern-Based Adoption Model (CBAM), developed by [34,35] as a theo-

retical framework to understand the concerns of teachers about adopting ICT in their
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classrooms. The CBAM is based on an earlier work by Fuller [36] in which the concept of con-

cerns was used to explore how training teachers responded to change at the start of their teach-

ing careers. Teachers’ concerns about technology is a representation of their feelings,

preoccupation, thoughts, consideration, and beliefs as regards the integration of technology in

the classroom [36,37]. In introducing an innovation to teachers, their concerns could either

facilitate or obstruct its implementation. The CBAM posits that change is not an event, rather

developmental growth in feelings and skills, that occurs in stages. Teachers’ concerns changed

over time from unrelated concerns (teachers are concerned about other things or are uncon-

cerned about the innovation) to the focus on self (concern related to one’s self), to task (con-

cern related to the implementation of the task) and finally to impact (concern related to the

impact of the implementation on students’ learning in the classroom) [38]. These four catego-

ries are expanded into seven Stages of Concern (SoC):

Unrelated concern

• Stage 0 (Awareness stage): In this stage, teachers have very little or no interest, awareness or

involvement in the innovation.

Self concern

• Stage 1 (Informational stage): In this stage, teachers have a general awareness and are seeking

out more information about the innovation.

• Stage 2 (Personal stage): In this stage, teachers are concerned about the demands the innova-

tion would place on their skills, their ability to meet the demands, and ultimately their role

in the implementation of the innovation.

Task concern

• Stage 3 (Management stage): In this stage, teachers’ concern and focus is on how to best

implement the innovation and the management of the several operational aspects like

resources, time and other duties.

Impact concern

• Stage 4 (Consequence stage): In this stage, teachers focus on the impact of the innovation on

their students’ learning.

• Stage 5 (Collaboration stage): In this stage, teachers focus on trying to understand how their

colleagues are using the innovation and how they could coordinate, collaborate and cooper-

ate with them.

• Stage 6 (Refocusing stage): In this stage, teachers focus is on exploring further ways to reap

wider benefits from the innovation by modifying or innovating it.

Generally, with an innovation, a teacher often starts with higher levels of concern intensity on

the self category (stages 1 and 2) stages. Through sustained use, they progress unto task (stage

3), and as the teacher becomes more experienced in the use of the innovation, they develop a

higher intensity of concern over the impact categories (stages 4, 5 and 6). However, whilst

these stages appear to evolve in this logical progression, they are not mutually exclusive as they
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often overlap, and a teacher could experience multiple stages of concern with different inten-

sity levels at the different stages of concern. [39–41]. In order to measure the intensity of con-

cern at the different stages, Hall et. al. [42] developed a 35-item diagnostic tool called the SoC

questionnaire.

The SoC element of the CBAM has been widely used to explore the stages of concern of

teachers in adopting an innovation across several countries. Most studies looked at the peak

stage of concern, as well as the patterns of concerns exhibited by the entire population that was

being studied. Hao et al. [40] studied 200 Taiwan teachers’ concern about integrating Web 2.0

technologies in education. They found that the teachers’ concerns were most intense at the

informational stage, followed by the personal and management stages. Their findings suggest

that most of the teachers in their sample study who had some level of awareness of Web 2.0

tools, were less worried about implementing the innovation but more interested in the general

aspects of the technology in a less personal way. Liu et al. [43] examined the concerns of 86 in-

service teachers in the United States about integrating technology. Their results also showed

that teachers’ concerns were intense in the informational, personal and refocusing stages, sug-

gesting that the teachers they studied had limited information related to technology integra-

tion even though they had access to internet in their classrooms. Similarly, in Ashrafzadeh

et al. [39] study of 91 Iranian teachers, the peak of their concerns was shown to be at the infor-

mation stage. Their study concluded that instructors need more information about how tech-

nology can be integrated into their teaching. Their study highlighted that anxiety with using

technology in instruction is present even amongst experienced teachers who had previously

received training on using ICT in the classroom. Jong [44] investigated the concerns of 118

teachers about using a Virtual Interactive Student-oriented Learning Environment (VISOLE)

in school education. The teachers in their study had completed a VISOLE induction training

before taking part in the SoC survey. Their results showed the teachers’ peak concern to be

management, highlighting the support teachers would require to adopt and integrate VISOLE

within their classrooms.

In addition to investigating the peak and pattern of concerns, these studies and some others

have explored the relationship between stages of concern and teachers’ demographics or char-

acteristics, with particular interest on gender, age and teaching experience. In their study of

Taiwan teachers’ concern with integrating Web 2.0 tools for teaching, Chen et al. [41] found

that across most of the stages, male and female teachers expressed similar intensity of concern.

However, in the three internal stages (0, 1 and 2), females had significantly higher intensity

than males. This finding led the authors to suggest that female teachers in their cohort were

more anxious about using Web 2.0 applications than males or were less aware about technol-

ogy integration for education. Their study further highlighted significant correlations between

teachers’ stages of concern and some other characteristics like areas of discipline and self-

reported levels of Web 2.0 use in teaching. However, Ashrafzadeh et al. [39] did not find any

significant difference between teachers’ stages of concern and any of their demographic fea-

tures–age, gender, field of study and teaching experience. In Al-rawajfih et al. [45] study of 350

Jordanian teachers’ concerns about integrating e- learning in schools, males and females did

not show any significant difference in the intensity of concerns they expressed across the dif-

ferent stages. However, their study found a significant difference in teachers’ concern in rela-

tion to years of teaching, as teachers with less teaching experience expressed concerns about

the collaborative stages of integrating e- learning while teachers with more years of experience

had significantly higher personal concerns–on stages 0,1 and 2. The aforementioned studies

indicate mixed findings from stages of concern studies. It is important to also note that major-

ity of stages of concern studies are based in a specific and particular country or region as often

times, the concerns of teachers are context specific. Although a general knowledge of teachers’
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concerns across different contexts is useful, in order to effectively plan professional develop-

ment programs to support teachers in a particular context, it is important to investigate their

own concerns, taking into consideration the peculiarities and intricacies of their contexts. To

date, few studies have empirically investigated instructors’ concern about integrating ICT in

education in Nigeria, and none has looked specifically at primary and secondary school teach-

ers. Only one study carried out by Igoche [46] explored the concerns of Nigerian instructors

toward the implementation of ICT such as the internet and its tools for instructional purposes.

This study carried out in 2010 investigated university level instructors that held the ranks of

lecturers, senior lecturers, associate professors and professors. As calls increase for primary

and secondary school teachers to adopt ICTs for teaching, it is important to understand what

their concerns are and create effective programmes to support their professional development.

Therefore, our study investigated teachers’ concerns shown in Table 1 about using ICTs in the

classroom and the relationship between this and teachers’ characteristics. The following

research questions were explored during the study:

1. What are teachers’ concerns about the use of ICT in the classroom?

2. What are the relationships between teachers’ stages of concern and teachers’

characteristics?

Materials and methods

This research received ethical clearance from Northumbria University and Ekiti State Ministry

of Education, Science and Technology. Participants read information sheets and signed appro-

priate consent forms before the research started. Participation was voluntary. The ethics sub-

mission reference number is 17412.

Participants

The participants were primary and secondary school teachers from several schools in Ekiti, a

state in southwest Nigeria. Nigeria’s education system has 3 sectors: Basic education (9 years: 6

years of primary education usually for children of ages 6–11 and 3 years of junior secondary

education for children of ages 12–14), Post basic/senior secondary education (3 years for chil-

dren between ages 15–17) and Tertiary education (4–6 years). Ekiti has 16 local governments.

Data was gathered from a convenience sample of 500 teachers that attended a 3-day workshop

on “EdTech in Schools” and sponsored by the World Bank State Education Programme

Investment Project (SEPIP) in Ekiti State. The aim of the workshop was to expose teachers to

the value of EdTech and the roles ICT can play in education. The teachers to attend the work-

shop were randomly selected by their schools across all classes and across all subjects. A break-

down of the sample statistics of teachers in this study is shown in Table 2. The teachers filled

Table 1. Typical expressions of concern about an innovation.

Categories Stages Expression of Concern

Unconcerned 0 I am not concerned about it.

Self 1 I would like to know more about it

2 How will using it affect me?

Task 3 I seem to be spending all my time getting materials ready

Impact 4 How is my use affecting my students?

5 I would like to coordinate my effort with others, to maximize the innovation’s effect.

6 I have some ideas about something that would work even better.

https://doi.org/10.1371/journal.pone.0249703.t001
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the SoC questionnaire (S1 File) on the first day of the workshop, before any form of training or

seminar was delivered by the facilitators. Amongst the 500 participants, 340 completed the sur-

vey. Data of 160 teachers was not included in the analysis because of incomplete or empty

responses.

Data collection

In order to measure Nigerian teachers’ stages of concern, we adopted the original SoC ques-

tionnaire [47]. The term ‘innovation’ used in the original questionnaire was changed to ‘ICT’

in the revised questionnaire that was used with teachers. The SoC questionnaire [47] has been

widely adopted and used for teachers in several studies [48–50] to identify the intensity of the

seven stages of concern associated with the introduction of an innovation—usually technology

and computing. Each of the seven stages contains five items, making a total of 35 items using

an 8-point Likert scale from 0 - “not true of me now” to 7- “very true of me now”. As a widely

used tool, several studies have confirmed the validity and reliability of the instrument using

different strategies like focus groups and interviews [40] However, the researchers carried out

further reliability analysis on the revised questionnaire as seen in Table 3 which shows the

Table 2. Teacher sample statistics.

Freq. Perc (%)

Gender Male 135 39.7

Female 205 60.3

Age <20 years 5 1.5

20–30 years 213 62.6

31–40 years 78 22.9

41–50 years 34 10.0

Over 50 years 10 2.9

Digital competence level Poor 0 0

Moderate 199 58.5

Good 116 34.1

Very good 24 7.1

Years of teaching < 1 year 38 11.2

1–5 years 120 35.3

6–10 years 115 33.8

11–20 years 42 12.4

Over 20 25 7.4

Level of class taught Primary school 181 53.2

Secondary school 159 46.8

https://doi.org/10.1371/journal.pone.0249703.t002

Table 3. Stages of concern reliability scores.

Stage Cronbach’s alpha Sample items

0(Awareness) 0.88 I spend little time thinking about the use of Information and Communication Technologies in the classroom

1(Information) 0.84 I would like to know how the use of ICT is better than what we have now.

2(Personal) 0.81 I would like to know how my teaching or administration is supposed to change.

3(Management) 0.86 I am concerned about my inability to manage all that ICT require.

4(Consequence) 0.82 I am concerned about how ICT affects students

5(Collaboration) 0.83 I would like to help other teachers in their use of ICT.

6(Refocusing) 0.83 I would like to determine how to supplement, enhance, or replace ICT

SoC Total items 0.83

https://doi.org/10.1371/journal.pone.0249703.t003
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stages of concern with the corresponding reliability and sample items in each stage. In addition

to this, two EdTech researchers and two teachers in Nigeria checked the revised questionnaire

for construct validity and appropriateness of language.

Data analyses

The SPSS version 19 software was used in the analysis of the data collected. Following guidance

from the implementation guidelines by Hall et al. [42], the descriptive raw scores for each sub-

scale in the SoC results were summed and converted to percentile scores using the percentile

conversion chart for the SoC questionnaire. Following Yean et al. [51] results from examining

trends and patterns from the SoC are more valid than results from analysing statistical signifi-

cance amongst the stages. Therefore, (Fig 1) shows a graphic representation of the pattern for

SoC percentile scores for the total group. The graph answers the first research question–what

Nigerian teachers’ concerns are about using ICT in the classroom.

To answer question 2 –“can personal characteristics predict teachers’ stages of concern

about adopting ICT in the classroom?”, the researchers tested the group difference, and also

performed t-tests and one-way ANOVA. Teacher attributes like gender, age, years of teaching,

experience with the use of ICT, subject taught and the level of class taught were analysed.

Results and findings

Table 4 presents the descriptive statistics for SoC subscales for Nigerian teachers (n = 340).

The following subsections present the findings from the research questions.

a. What are teachers’ concerns about the use of ICT in the classroom?

The teachers had the highest concern mean percentile of 95.81% in Stage 0 (awareness) and

the least concern of 38.68% in Stage 4 (consequence). (Fig 1) shows that the teachers

focused their concern in stage 0 followed by stage 3 (management) and then stage 1 (infor-

mation). Teachers had similar concern levels in stage 2 (personal) and stage 6 (collabora-

tion) and then lower concerns in stage 5 after which there was a significant drop to stage 4

(consequence).

Fig 1. SoC percentile scores for total group.

https://doi.org/10.1371/journal.pone.0249703.g001
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b. Teachers’ characteristics and its relationship with their stages of concern.

While gender made no statistically significant difference, other teacher characteristics like

teaching experience, age, experience with the use of ICT, and the level of class taught made

significant differences in the stages of concern. The numbers of years spent in teaching

made a statistically significant difference on the level of concern the teachers expressed

across all the stages of concern as determined by one-way ANOVA at a 95% confidence

level. The mean score intensity for each group is plotted across all the stages to show the

pattern of concern expressed by the teachers based on the years of teaching experience they

have as shown in (Fig 2).

A Tukey post hoc test, the results shown in Table 5, revealed that: the mean concern inten-

sity of teachers with 1–5 years of teaching experience (M = 92.59, SD = 5.53) at stage 0 (aware-

ness) was statistically significantly lower at a significant level of 0.05than the mean concern

intensity of teachers who had 6-10years of experience (M = 96.80, SD = 5.59). Also, at this

stage, there was no statistically significant difference between the concern levels of teachers

with other years of experience.

Teachers with 1–5 years of experience had statistically significant lower concerns at a level

of 0.05 in the information stage (stage 1) (M = 74.36, SD = 16.06) compared with teachers with

Table 4. Stages of concern statistics.

Stage Mean Std. Dev. Minimum Maximum

0(Awareness) 95.81 5.37 61.00 99.00

1(Information) 79.59 13.97 43.00 99.00

2(Personal) 72.99 17.54 41.00 96.00

3(Management) 83.75 9.80 30.00 99.00

4(Consequence) 38.68 22.07 5.00 90.00

5(Collaboration) 61.37 23.81 14.00 95.00

6(Refocusing) 71.09 16.69 30.00 99.00

https://doi.org/10.1371/journal.pone.0249703.t004

Fig 2. SoC intensity according to years of teaching experience.

https://doi.org/10.1371/journal.pone.0249703.g002
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over 20 years of experience (M = 88.16, SD = 12.67). There was no statistically significant dif-

ference between other groups at stage 1.

At stage 2 (personal) and stage 4 (consequence), teachers with 11–20 years of experience

had significantly higher mean score concerns (M = 85.79, SD = 15.12) at a level of 0.05 than

teachers with 6–10 years of experience (M = 72.11, SD = 16.49). There was no statistically sig-

nificant difference in the concern levels of teachers in the<1, 1–5 and over 20 groups at these

stages. In stage 3 (management), teachers with 1–5 years of teaching experience had signifi-

cantly lower concerns (M = 81.14, SD = 10.78) than teachers with 11–20 years (M = 88.76,

SD = 7.71). There was no significant difference in the concern intensity of teachers in the

other age groups.

In stage 5 (collaboration), teachers with over 20 years of teaching experience had signifi-

cantly higher concern intensity (M = 59.88.14, SD = 10.79) than teachers with less than 1-year

teaching experience. There was no significant difference in the concern intensity of other age

groups in stage 5 (collaboration).

Teachers with 11–20 years of teaching experience had significantly higher concern intensity

in stage 6 (refocusing) (M = 84.64, SD = 13.52) than teachers with over 20 years’ teaching expe-

rience (M = 59.92, SD = 16.08) at a confidence level of 0.05.

There was no significant difference between the concern intensity of other groups of teach-

ing experience.

Gender had no significant difference in the intensity of the concern in any of the stages.

Age of teachers on the other hand had significant impact on the levels of concern they

expressed at each stage. Repeated measures ANOVA tests were performed on each of the

seven stages of concern at 95% confidence level. and the ANOVA results show that the age of a

teacher had an effect on the intensity of concern across all the seven stages.

To identify the age groups that made significant differences across the stages, a pairwise

Tukey post hoc comparison was conducted and the results shown in Table 6 revealed that: age

didn’t have any effect on the level of concerns of teachers at stage 0 and stage 3; teachers of

more than 50 years had significantly higher concerns (M = 95.00, SD = 0.00), (M = 80.00,

SD = 0.00) than those who were less than 20 years (M = 68.80, SD = 6.26), (M = 40.60,

SD = 7.47) in stages 1 (information) and 5 (collaboration) respectively. Teachers in mid age

groups had similar intensity levels with no significant difference. Also, in stage 2 (personal)

Table 5. Results of One-way ANOVA for the effect of years of teaching on the concern intensity of teachers across stages.

Stage Groups Mean SD ANOVA result (At a significant level of 0.05)

0 (Awareness) 1–5 years 92.59 5.53 F (4,335) = 22.76, p = 0.000

6-10years 96.80 5.59

1 (Information) 1-5years 74.36 16.06 F (4,335) = 11.31, p = 0.000

Over 20years 88.16 12.67

2 (Personal) 6–10 years 72.11 16.49 F (4,335) = 21.20, p = 0.000

11–20 years 85.79 15.12

3 (Management) 1–5 years 81.14 10.78 F (4,335) = 5.45, p = 0.000

11–20 years 88.76 7.71

4 (Consequence) 6–10 years 38.23 17.91 F (4,335) = 19.37, p = 0.000

11–20 years 53.40 17.19

5 (Collaboration) <1year 42.39 28.52 F (4,335) = 11.15, p = 0.000

Over 20 years 72.92 13.97

6 (Refocusing) Over 20 years 59.92 16.08 F (4,335) = 13.00, p = 0.000

11–20 years 84.64 13.51

https://doi.org/10.1371/journal.pone.0249703.t005
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and stage 4 (consequence), teachers within age group 20–30 had the lowest mean concern

intensity (M = 69.92, SD = 16.81), (M = 35.07, SD = 22.43) while teachers of more than 50

years of age had highest concern intensity (M = 96.00, SD = 0.00), (M = 63.00, SD = 0.00)

respectively. In stage 6 (refocusing), there was a different pattern as teachers of less than 20

years of age had the highest mean concern intensity (M = 88.60, SD = 15.32) and teachers with

over 50 years of age had the lowest concerns (M = 54.50, SD = 2.63). The pattern of teachers’

concerns influenced by age across all the stages is shown in (Fig 3).

In our study, the teachers were asked to rate themselves based on how often they used digi-

tal devices personally and how convenient and confident they were in handling the devices.

They were asked to choose from the options: poor, moderate, good and very good. From their

response, none of the teachers felt poor about handling or using digital devices personally.

Their responses were between moderate, good and very good, which is shown in the Table 2.

The results determined with a One-way ANOVA at a confidence level of 0.05 showed that the

Table 6. Results of One-way ANOVA for the effect of age on the intensity of teacher’s concern across all stages.

Stage Groups Mean SD ANOVA result (At a significant level of 0.05)

0 (Awareness) No significant difference F (4,334) = 6.59, p = 0.050

1 (Information) < 20years 68.80 6.26 F (4,334) = 10.47, p = 0.000

Over 50 years 95.00 0.00

2 (Personal) 20–30 years 69.92 16.80 F (4,334) = 9.97, p = 0.000

Over 50 years 96.00 0.00

3 (Management) No significant difference F (4,334) = 3.54, p = 0.08

4 (Consequence) 20–30 years 35.07 22.43 F (4,334) = 10.23, p = 0.000

Over 50 years 63.00 0.00

5 (Collaboration) < 20 years 40.60 7.47 F (4,334) = 4.11, p = 0.003

Over 50 years 80.00 0.00

6 (Refocusing) Over 50 years 54.50 2.635 F (4,334) = 9.238, p = 0.000

< 20 years 88.60 15.32

https://doi.org/10.1371/journal.pone.0249703.t006

Fig 3. SoC intensity according to age.

https://doi.org/10.1371/journal.pone.0249703.g003
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level of experience and confidence of a teacher in using digital devices personally, had a statis-

tically significant effect on the intensity of concern expressed at stage 0 (awareness, F (2,336) =

5.096, p� 0.05), stage 1 (information, F (2,336) = 3.639, p� 0.05), stage 2 (personal, F (2, 336)

= 6.006, p� 0.05), stage 5 (collaboration, F (2,336) = 13.072, p� 0.05) and stage 6 (refocusing,

F (2,336) = 17.563, p� 0.05).

A Tukey post hoc analysis revealed significant differences in stage 0 (awareness) and stage 1

(information) where teachers who had moderate experience with the use of digital devices had

significantly higher concern (M = 96.55, SD = 3.841), (M = 80.92, SD = 11.36) levels than those

who had very good experience (M = 93.63, SD = 7.94), (M = 73.25, SD = 15.21) respectively. In

stage 5 (collaboration), teachers who had good knowledge of the use of digital devices showed

higher concerns (M = 69.89, SD = 20.16) than those with moderate knowledge (M = 56.17,

SD = 24.75) and in stage 6 (refocusing), teachers with very good experience with use of digital

devices had highest concerns (M = 83.08, SD = 15.89) than those with moderate level of use

(M = 67.03, SD = 15.09). There was no significant difference within the groups in stages 2, 3

and 4.

In terms of the level of class taught, divided into primary and secondary classes, an indepen-

dent samples t-test conducted revealed that the level of class the teacher taught had an effect

on the level of concern observed in stage 1 (informational, t (307.31) = 2.49, p� 0.05) and

stage 6 (refocusing, t (337) = -4.99, p� 0.05). Teachers who taught primary school classes had

a higher intensity of concern (M = 81.43, SD = 12.64) in stage 1 (informational) than teachers

who taught secondary classes (M = 77.62, SD = 15.11) while in stage 6 (refocusing), teachers

who taught secondary classes had higher concern levels (M = 75.71, SD = 15.83) than those

who taught primary classes (M = 66.94, SD = 16.36). This is depicted in (Fig 4).

Discussion

According to the results and findings of the patterns of concerns of the teachers in this study,

stage 0 (awareness) is the peak concern. This is an extremely rare finding as most of the previ-

ous studies do not show peak concerns in stage 0. This finding suggests that teachers in this

Fig 4. SoC intensity according to level of class taught.

https://doi.org/10.1371/journal.pone.0249703.g004
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study are either unconcerned or unaware about the use of ICT in education. Additionally, the

high intensity in stage 1 (informational), stage 2 (personal) and stage 3 (management) is a typi-

cal pattern of self-focused concerns [52]. Based on the guidelines contained in Measuring

Stages of Concern about the Innovation [47], the overall profile indicates that teachers in this

study are nonusers of the innovation, which means they don’t use ICT in the classroom (Note

that this is distinct from the general use of ICT in daily activities). Concerns of nonusers are

normally highest on stages 0 (awareness), 1 (informational), and 2 (personal) and lowest on

stages 4 (consequence), 5 (collaboration), and 6 (refocusing). The high score in stage 0 (aware-

ness) demonstrates teachers’ degree of interest in and engagement with the use of ICT in edu-

cation in comparison to other tasks, activities and efforts. It suggests that the use of ICTs in the

classroom is not central to the thinking and practice of the teachers studied at the moment.

This indicates that the teachers prioritize other tasks, initiatives and activities over adopting

ICTs in the classroom. Stage 1 (informational) concern is relatively high and also suggests that

the teachers are more likely to be unaware of the role of ICTs in the classrooms than uncon-

cerned. This is also due in part to the patterns of concern not being consistent with the typical

unconcerned innovation user in the measuring guidelines for the SoC [47]. The high scores in

stages 0 and 1 is consistent with other studies that have shown that during the initial phases of

the introduction of an innovation, teachers often demonstrate more intense concerns in the

early stages [39–41]. Although the high scores in stage 1 (informational) do not confirm the

current level knowledge of the teachers, it suggests they are interested in knowing more about

the use of ICTs in their classrooms [39]. An interesting finding in this study is the relatively

high stage 3 concern of the teachers, even though majority of the teachers in this study are

nonusers. This is consistent with Hall [53] who suggests that high intensity management con-

cerns are often observed amongst inexperienced users of an innovation. The relatively intense

stage 3 (management) scores of the teachers in this study thus illustrates their concerns about

time, logistics, and other management aspects teachers envisage will be a challenge to adopting

ICTs within the classroom.

This study shows some significant correlations between teachers’ stages of concern and

their demographics. For example, teaching experience made significant differences in all the

stages which is consistent with [45]. In stage 0 (awareness), teachers with 1–5 years of teaching

experience had lower concern intensity than teachers with 6 and more years of teaching expe-

rience. This suggests that experienced teachers were more likely to show little concern about

or involvement with the use of ICT in the classroom. The higher concern intensity of more

experienced teachers in stage 2 (personal) and stage 4 (consequence) indicates that teachers in

this group are uncertain about the effects the use of ICT in the classroom might have on them,

they are worried about being capable enough to handle the resultant changes and if they would

be able to meet the demands due to ICT usage. They are also concerned about the impact this

would have on students in the classroom. They worry about the relevance of ICT and if it will

have the desired effects on the students’ learning outcomes, performances and competencies.

They are also worried about the changes they might have to make, due to the adoption of ICT

within the classroom in order to improve the students’ performance. Teachers with 11–20

years of teaching experience also had highest concerns in stage 3 (management) which indi-

cates that the teachers were also focused on the processes and tasks involved in the use of ICT

in the classroom and worry about being able to be organised and efficient in their duties while

making use of ICT. They are also concerned about being able to manage their time and still

achieve their set teaching goal. Teachers with 1–5 years of teaching experience were however,

the least concerned about management. These findings contradict other studies [25,40] that

showed no significant different between the years of experience and the stages of concern of

teachers.
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At stage 5, teachers with over 20 years of teaching experience had the highest concern inten-

sity while teachers with less than 1-year teaching experience had the lowest concern intensity.

This implies that teachers who have spent the highest number of years in teaching might be

more interested in coordinating and cooperating with others in the use of ICT in the class-

room while teachers with less than 1-year teaching experience are the least concerned about

this. While teachers with over 20 years of teaching experience are interested in cooperating

with others in the use of ICT in the classroom, they are however less concerned about explor-

ing ways to make major changes to it or replacing it with a more powerful alternatives com-

pared with teachers with less experience.

Age also made significant differences contradicting previous similar studies [39,40]. Signifi-

cant differences were evident between age groups in only stage 1 (informational), stage 2 (per-

sonal), stage 4 (consequence) and stage 6 (refocusing). The high concern intensity of teachers

of more than 50 years of age in stage 1 (information) and stage 5 (collaboration) indicates that

the oldest group of teachers are interested in finding more information about the use of ICT in

the classroom, they are also interested in coordinating and cooperating with others in the use

of ICT in the classroom indicating an interest to leverage on their colleagues’ shared knowl-

edge and expertise. This finding is consistent with the level of intensity teachers with over 20

years of teaching experience showed in stage 1 and stage 5, as older teachers would have more

teaching years of experience. Teachers aged over 50 years also had high concern intensities in

stage 2 and stage 4 which indicates that they are also worried about the effects of using ICT in

the classroom on themselves and on the students.

The experience of the teachers in the use of digital devices showed significant differences in

stage 0 (awareness), stage1 (information), stage 5 (collaboration) and stage 6 (refocusing). Teachers

who had moderate experience with the use of digital devices had higher concern levels than those

who had very good experience in stage 0 (awareness) and stage 1 (information) which indicates

that the teachers who do not make use of digital devices often, are not less concerned about the use

of ICT in the classroom but are interested in knowing more generally about the ICT that can be

used in the classroom and how to use them. Teachers who use digital devices fairly regularly,

showed higher concerns in stage 5 and stage 6 than those who do not use digital devices often. This

indicates people with more experience in the use of digital devices, are willing to coordinate and

cooperate with others in relation to the use of ICT in the classroom and are also interested in

exploring ways to reap more universal benefits in the use of ICT in the classroom and are also will-

ing to make suggestions to do things differently. This is consistent with the findings of [40] that

suggests that concerns of teachers who are more skilled in technology were usually less ego-centric.

The relationship between the class level taught and their concern levels had not been stud-

ied before in literature. The teachers in this study teach in both primary and secondary schools.

The results indicate that teachers at both levels had similar intensity of concerns in all stages

apart from stage 1 (informational) and stage 6 (refocusing). In stage 1, primary school teachers

had significantly higher informational concerns than secondary school teachers. This indicates

that primary school teachers are less aware of the use of ICT in the classroom compared to sec-

ondary school teachers and are more concerned about learning about ICT. In stage 6, second-

ary school teachers had significantly higher levels of concern than primary school teachers.

This higher stage 6 concerns indicate a stronger level of opinion on ICT. While these opinions

are not necessarily positive or negative, the significantly higher intensity they demonstrate

indicates a stronger exploration of ICTs to obtain more benefits, modifying the current

approach to the use of ICTs or a complete replacement with alternative innovations. The

results of this study indicate that males and females exhibited similar intensity of concerns

across all the stages with no significant differences. Although this is consistent with some pre-

vious studies [39,45], others like [40] found differences in male and female stages of concern.
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The overall SoC results show that despite the different effect teachers’ characteristics have

on their intensity of concerns, majority of the teachers are currently unaware/unconcerned

about the use of ICT in education. The overall findings confirm that despite its increasing pen-

etration and adoption, the use of ICT in Nigerian education is still in its infancy and the sup-

port offered to teachers should reflect this reality. These findings present a number of

implications for the design of teachers’ professional development programmes.

Recommendations and limitations

As mentioned earlier on, in order to design effective teacher professional development pro-

grammes that empower teachers to effectively use ICT in the classroom the concerns of teachers

need to be accurately identified and addressed. This study highlights the fact that Nigerian

teachers have little or no awareness about the use of ICT in education. The results also suggest

that teachers are currently more concerned about other activities and tasks. As highlighted by

teachers in Nigeria in [13], this may be due to the evident barriers to the adoption of digital tech-

nologies in the classroom such as instability of the government, government policies, poor infra-

structure and conducive learning environment due to underfunding of the education sector,

poor electricity supply and internet connectivity. It also suggests that teachers’ poor salary, could

be another factor which affects their perception to the adoption of technology, as they are more

concerned with being paid better salaries than teaching with technology. Incentives and better

salaries could motivate them to develop an interest in using the innovation. It therefore appears

that professional development efforts that focus on particular digital skills, tools, and technolo-

gies are unlikely to be effective at the start. Consequently, the main goal would be to address

teachers’ concerns at stage 0 (awareness), starting them on the right path to transitioning unto

other stages. Following [53], one intervention to address stage 0 concerns is to share some infor-

mation about the proposed ICT with a view to raising the interest and awareness of teachers.

Professional development programs may develop and share resources and information to sensi-

tize teachers about current ICT and the potential roles this plays in the traditional classrooms. If

specific information is available about other issues teachers are concerned about, designers of

teacher professional development programs may be able to relate these to the use of ICT and

how it could be of benefit in this regard. For example, teachers that are concerned about improv-

ing the engagement of their students in the classroom may show more interest and willingness

to use digital educational games if they are aware of its potential benefits in addressing their con-

cerns. The strategies for developing effective professional development programs that address

high intensity stage 0 concerns are also suitable for addressing stage 1 concerns. Hall [53] further

suggests interventions that provide information contrasting what teachers are doing with what

they would be doing when they adopt the innovation. In addition to this, using various ICT in

existing professional development programmes will assist teachers in addressing the self-level

concerns and gain useful information on how to successfully achieve integration [24,40].

Hall [53] provided guidance on addressing high intensity in stage 3 (management) con-

cerns. Given that this identifies inexperienced users, professional development efforts should

include adequate and comprehensive ‘how-to’ guidance for the use of ICT within classrooms.

It is also important to demonstrate the importance of the use of ICT within current educa-

tional activities, and to highlight that it is not just an ‘add-on’. Creating a community of prac-

tice where teachers ‘buddy-up’ or share both successful and unsuccessful experiences of using

ICT could also prove beneficial. Finally, asking expert teachers who have experience with

using ICT to teach or train upcoming and inexperienced teachers could also be advantageous.

This is in contrast to inviting digital technology experts who have no experience of teaching in

the classroom to handle professional development programmes for teachers.
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Although the findings generated from this study are insightful and provide useful implica-

tions for supporting teachers’ professional development, they are not without limitations.

First, the findings discussed are from a relatively small sample of teachers from a state in a

developing country, and also due to teachers’ response rate of 68%, the results should not be

generalised to other contexts, especially in developed countries, where teachers may likely be

more used to using ICT in the classroom. A further study is encouraged to specifically com-

pare results from developed countries with those in developing countries to see if these are dif-

ferent and what knowledge can be acquired from the differences. Secondly, this study grouped

all educational innovations into a single category—ICT. It is possible that different technolo-

gies like mobile phones, apps, laptops and websites may create different levels and intensity of

concern to teachers. Future studies could investigate different ICT and examine if teachers

express different levels of concern with these. Whilst the sample collected represents data from

a state in Nigeria, based on the uniformity of the teaching curriculum and teacher training

programmes used across the country, it is assumed that the teachers in the study are a fair

representation of teachers in Nigeria, and adequately reflects the challenges and concerns

expressed by teachers across the country in relation to the adoption of technology within the

classroom. Further studies could investigate from a wider range of teachers across the country

to compare the changes in the results if there exists. Finally, teachers’ concern in this study was

before any introduction to the use of digital tools in the classrooms. The level and intensity of

their concerns are expected to change as they become more aware and use ICT more in their

classrooms. It will be important to study their concerns when this happens so as to adjust the

professional development programmes to reflect the transitions and better support them to

maximise the use of the ICT in their classrooms.

Conclusion

Evidence from literature suggests that despite enormous investment in digital innovations for

education globally, most of the technologies do not get adopted in the classroom [54]. One of

the reasons why this is the case is that teachers’ concerns about adopting and integrating the

technologies are often not identified and addressed [52]. Using the SoC element of the CBAM,

this study investigated the concerns of 340 teachers with using ICT in their classrooms. It

found that most of the teachers had the highest level of concern in Stage 0. Concerns in stage 0

relates to awareness of and little or no involvement with the use of ICT in the classroom. In

general, teachers appear not to currently know the role ICT play in education. Furthermore,

teachers’ characteristics like class level taught, experience with digital devices, age and experi-

ence of teaching had significant effects on the intensity and stages of concern. The findings

from this study provide useful insights for policy makers and designers of teachers’ profes-

sional development programmes. The understanding of what the concerns of teachers are with

adopting ICT for teaching in their classrooms can significantly increases the chances of suc-

cessfully creating customised and delivering tailored support to teachers. It is hoped that

addressing these concerns will facilitate better adoption and integration of ICT in the class-

room, thus helping teachers and students benefit from the various advantages of technology-

enabled learning.

Supporting information

S1 File. Stages of concern questionnaire.

(PDF)

PLOS ONE Teachers’ concerns and digital technologies in the classrooms

PLOS ONE | https://doi.org/10.1371/journal.pone.0249703 May 3, 2021 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249703.s001
https://doi.org/10.1371/journal.pone.0249703


S2 File. Stages of concern by teachers dataset.

(XLSX)

Author Contributions

Conceptualization: Opeyemi Dele-Ajayi, Akachukwu Okoli.

Data curation: Akachukwu Okoli.

Formal analysis: Oluwakemi Dunsin Fasae.

Funding acquisition: Opeyemi Dele-Ajayi.

Investigation: Oluwakemi Dunsin Fasae, Akachukwu Okoli.

Methodology: Opeyemi Dele-Ajayi.

Validation: Akachukwu Okoli.

Visualization: Oluwakemi Dunsin Fasae.

Writing – original draft: Opeyemi Dele-Ajayi, Oluwakemi Dunsin Fasae.

Writing – review & editing: Akachukwu Okoli.

References
1. Ng W, Nicholas H. A framework for sustainable mobile learning in schools. Br J Educ Technol [Internet].

2013 Sep 1 [cited 2020 Mar 13]; 44(5):695–715. Available from: http://doi.wiley.com/10.1111/j.1467-

8535.2012.01359.x.

2. Wong LH, Milrad M, Specht M. Seamless learning in the age of mobile connectivity. Seamless Learning

in the Age of Mobile Connectivity. Springer Singapore; 2015. 1–500 p.

3. Hamelink CJ. New information and communication technologies, social development and cultural

change. Vol. 86. United Nations Research Institute for Social Development Geneva; 1997.

4. Victoria State Government. Teach with digital technologies [Internet]. [cited 2020 Jun 12]. Available

from: https://www.education.vic.gov.au/school/teachers/teachingresources/digital/Pages/teach.aspx.

5. Dele-Ajayi O, Sanderson J, Strachan R, Pickard A. Learning mathematics through serious games: An

engagement framework. In: Proceedings—Frontiers in Education Conference, FIE. 2016.

6. Ravenscroft A, Warburton S, Hatzipanagos S, Conole G. Designing and evaluating social media for

learning: Shaping social networking into social learning? J Comput Assist Learn. 2012; 28(3):177–82.

7. Witt RE, Kebaetse MB, Holmes JH, Ryan L-Q, Ketshogileng D, Antwi C, et al. The role of tablets in

accessing information throughout undergraduate medical education in Botswana. Int J Med Inform.

2016; 88:71–7. https://doi.org/10.1016/j.ijmedinf.2016.01.006 PMID: 26878765

8. Qian M, Clark KR. Game-based Learning and 21st century skills: A review of recent research. Comput

Human Behav. 2016 Oct 1; 63:50–8.

9. Hsiao H-S, Chang C-S, Lin C-Y, Hu P-M. Development of children’s creativity and manual skills within

digital game-based learning environment. J Comput Assist Learn [Internet]. 2014 Aug 1 [cited 2020 Apr

19]; 30(4):377–95. Available from: http://doi.wiley.com/10.1111/jcal.12057.

10. Dele-Ajayi O, Strachan R, Pickard AJ, Sanderson JJ. Games for Teaching Mathematics in Nigeria:

What Happens to Pupils’ Engagement and Traditional Classroom Dynamics? IEEE Access. 2019;

7:53248–61.

11. Malczyk BR. Multimodal Instruction, the New Hybrid: A Student-Centered Approach to Blended Learn-

ing. J Nonprofit Educ Leadersh. 2018; 8(1):16–31.

12. Huizenga JC, Ten Dam GTM, Voogt JM, Admiraal WF. Teacher perceptions of the value of game-

based learning in secondary education. Comput Educ. 2017; 110:105–15.

13. Dele-Ajayi O, Strachan R, Anderson E, Ayodele Vi, Alufa O, Emembolu I. Barriers and Identified Solu-

tions to the Integration of Digital Technologies in the Classroom: A Case Study of Teachers in Nigeria.

In: IEEE Global Engineering Education Conference, EDUCON. 2019.

14. Bourgonjon J, De Grove F, De Smet C, Van Looy J, Soetaert R, Valcke M. Acceptance of game-based

learning by secondary school teachers. Comput Educ. 2013; 67:21–35.

PLOS ONE Teachers’ concerns and digital technologies in the classrooms

PLOS ONE | https://doi.org/10.1371/journal.pone.0249703 May 3, 2021 17 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249703.s002
http://doi.wiley.com/10.1111/j.1467-8535.2012.01359.x
http://doi.wiley.com/10.1111/j.1467-8535.2012.01359.x
https://www.education.vic.gov.au/school/teachers/teachingresources/digital/Pages/teach.aspx
https://doi.org/10.1016/j.ijmedinf.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/26878765
http://doi.wiley.com/10.1111/jcal.12057
https://doi.org/10.1371/journal.pone.0249703


15. Dele-Ajayi O, Strachan R, Sanderson J, Pickard A. A modified TAM for predicting acceptance of digital

educational games by teachers. IEEE Glob Eng Educ Conf EDUCON. 2017;(April):961–8.

16. Sahin I. Detailed review of Rogers’ diffusion of innovations theory and educational technology-related

studies based on Rogers’ theory. Turkish Online J Educ Technol. 2006; 5(2):14–23.
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Acceptance Model approach. Int J Educ Dev using ICT. 2016; 12(2).

19. Stols G, Ferreira R, Pelser A, Olivier WA, Van der Merwe A, De Villiers C, et al. Perceptions and needs

of South African Mathematics teachers concerning their use of technology for instruction. South African

J Educ. 2015; 35(4).

20. Dele-Ajayi O, Taddese A. EdTech in Nigeria: A Rapid Scan. 2020.

21. Federal Ministry of Education (Nigeria). National Policy on ICT in Education. 2019.

22. (Nigeria) FM of E. National Implementation Guidelines for ICT in Education. 2019.

23. Yusuf MO, Balogun MR. Student-teachers’ competence and attitude towards Information and commu-

nication technology: A case study in a Nigerian University. Contemp Educ Technol. 2011; 2(1):18–36.

24. Ertmer PA, Ottenbreit-Leftwich AT, Sadik O, Sendurur E, Sendurur P. Teacher beliefs and technology

integration practices: A critical relationship. Comput Educ [Internet]. 2012 Sep 1 [cited 2019 Mar 21]; 59

(2):423–35. Available from: https://www.sciencedirect.com/science/article/pii/S0360131512000437.

25. Kwok P-W. The role of context in teachers’ concerns about the implementation of an innovative curricu-

lum. Teach Teach Educ. 2014; 38:44–55.

26. Selinger M, Austin R. A comparison of the influence of government policy on information and communi-

cations technology for teacher training in England and Northern Ireland. Technol Pedagog Educ. 2003;

12(1):19–38.

27. Casey H, Rakes G. An analysis of teacher concerns towards instructional technology. Int J Educ Tech-

nol. 2002; 3(1).

28. Deng L, Wu S, Chen Y, Peng Z. Digital game-based learning in a Shanghai primary-school mathemat-

ics class: A case study. J Comput Assist Learn. 2020.

29. World Bank. Population, Nigeria [Internet]. Population, total—Nigeria | Data. 2018 [cited 2020 Jun 26].

Available from: https://data.worldbank.org/indicator/SP.POP.TOTL?locations=NG.

30. UNICEF. The Challenge: One in every five of the world’s out-of-school children is in Nigeria. 2018.

31. (NMEP) NMEP, (NPopC) NPC, (NBS) NB of S, International I. Nigeria Malaria Indicator Survey 2015

[Internet]. 2016. Available from: https://dhsprogram.com/pubs/pdf/MIS20/MIS20.pdf.

32. Cowley T, Atkinson D. Solving the ‘Learning Crisis’ In Developing Countries through Jugaad Innovation

Education Technology: A Qualitative Study. 2018 WEI. 2019; 2.

33. Kazeem Y. Nigeria’s broken education system turns to edtech startups uLesson—Quartz Africa. Quartz

Africa. 2020.

34. Hall GE. The Concerns-Based Adoption Model: A Developmental Conceptualization of the Adoption

Process Within Educational Institutions. 1974.

35. Hall GE, Wallace RD Jr, Dossett WA. A developmental conceptualization of the adoption process within

educational institutions (Report No. 3006). Austin Res Dev Cent Teach Educ. 1973.

36. Fuller FF. Concerns of teachers: A developmental conceptualization. Am Educ Res J. 1969; 6(2):207–

26.

37. Gene HE, George AA, Stiegelbauer SM. Measuring implementation in schools: the stages of concern

questionnaire. Austin, TX SEDL. 2013.

38. Hall GE, Hord SM. Change in schools: Facilitating the process. Suny Press; 1987.

39. Ashrafzadeh A, Sayadian S. University instructors’ concerns and perceptions of technology integration.

Comput Human Behav. 2015; 49:62–73.

40. Hao Y, Lee KS. Teachers’ concern about integrating Web 2.0 technologies and its relationship with

teacher characteristics. Comput Human Behav. 2015; 48:1–8.

41. Chen Y-H, Jang S-J. Interrelationship between stages of concern and technological, pedagogical, and

content knowledge: A study on Taiwanese senior high school in-service teachers. Comput Human

Behav. 2014; 32:79–91.

42. Hall GE, George AA, Rutherford WL. Measuring stages of concern about the innovation. A Man use

SOC Quest Austin Univ Texas Austin. 1979.

PLOS ONE Teachers’ concerns and digital technologies in the classrooms

PLOS ONE | https://doi.org/10.1371/journal.pone.0249703 May 3, 2021 18 / 19

https://www.sciencedirect.com/science/article/pii/S0360131512000437
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=NG
https://dhsprogram.com/pubs/pdf/MIS20/MIS20.pdf
https://doi.org/10.1371/journal.pone.0249703


43. Liu Y, Huang C. Concerns of teachers about technology integration in the USA. Eur J Teach Educ.

2005; 28(1):35–47.

44. Jong MSY. Teachers’ concerns about adopting constructivist online game-based learning in formal cur-

riculum teaching: The VISOLE experience. Br J Educ Technol [Internet]. 2016 Jul 1 [cited 2020 Apr 19];

47(4):601–17. Available from: http://doi.wiley.com/10.1111/bjet.12247.

45. Al-Rawajfih K, Fong SF, Idros SNS. Stages of concern in integrating e-learning in discovery schools.

Asian Soc Sci. 2010; 6(8):54.

46. Igoche DA. THE STAGES OF CONCERN ABOUT INFORMATION AND COMMUNICATION TECH-

NOLOGIES AS EXPRESSED BY TERTIARY EDUCATION INSTRUCTORS IN NIGERIA.

47. Hall GE. Measuring stages of concern about the innovation: A manual for the use of the SoC Question-

naire. 1977.

48. Casey HB, Rakes GC. An analysis of the influence of technology training on teacher stages of concern

regarding the use of instructional technology in schools. J Comput Teach Educ. 2002; 18(4):124–32.

49. Overbaugh R, Lu R. The impact of a federally funded grant on a professional development program:

Teachers’ stages of concern toward technology integration. J Comput Teach Educ. 2008; 25(2):45–55.

50. Atkins NE, Vasu ES. Measuring knowledge of technology usage and stages of concern about comput-

ing: A study of middle school teachers. J Technol Teach Educ. 2000; 8(4):279–302.

51. Yean F, Ling Y, Leow L. Enabling Knowledge Flow: Retaining Graduate Women in the Singapore Con-

struction Industry [Internet]. Vol. 13, Journal of Construction in Developing Countries. 2008 [cited 2019

Jul 22]. Available from: http://web.usm.my/jcdc/vol13_2_2008/4_Florence Yean Ying (p.65-82).pdf.

52. Hall GE, Hord SM. Implementing change: Patterns, principles, and potholes. 2006.

53. Hall GE. The concerns-based approach to facilitating change. Educ Horizons. 1979; 57(4):202–8.

54. Fullan M. The new meaning of educational change. Routledge; 2007.

PLOS ONE Teachers’ concerns and digital technologies in the classrooms

PLOS ONE | https://doi.org/10.1371/journal.pone.0249703 May 3, 2021 19 / 19

http://doi.wiley.com/10.1111/bjet.12247
http://web.usm.my/jcdc/vol13_2_2008/4_Florence Yean Ying (p.65-82).pdf
https://doi.org/10.1371/journal.pone.0249703

