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INTRODUCTION
Science is a yardstick by which development is measured 

globally, and a key to technological growth which plays an 
essential role in improving human lives. The development 
of any nation is measured by the degree and extent to which 
socio-cultural, socio-economic and political developments 
are achieved through the enterprise of science (Olorundare, 
2011). 

Despite the revolutionary changes seen in science over 
the years, the teaching of science in Nigeria still lacks ade-
quate innovation and reform in its pedagogy (Avalos, 1995; 
Omorogbe and Ewansiha, 2013). There is a growing increase 
in the level of school dropout from sciences in recent years 
in the world (United Nation, 2013) as studies have shown 
that the likelihood of dropping out of school is higher for sci-
ence students than arts (Nakkazi, 2014; Woodhouse, 2015; 
Brown, 2017). Nigeria has the highest number of school 
dropouts in the world (United Nation, 2013). It brings the 
need to build science teachers who can raise new thinkers 

and scientists of the 21st century and make studying science 
more fun and student-friendly in Nigeria to the forefront 
(Odia and Omofonmwan, 2007; Florence, 2015; Wilson et 
al., 2016). A recent study has identified the inefficiencies in 
most schools’ pedagogical approach in teaching and learn-
ing science in Nigeria (Udu, 2018) which poses a significant 
threat to students’ enrollment in science and science advoca-
cy success in Nigeria. Science subjects are generally seen as 
‘difficult’ and need a more proactive, practical, innovative, 
and pragmatic pedagogy in teaching and learning especially 
at the primary and secondary school levels, to ‘catch them 
young’ (Aina, 2013).

Buseri (2010) opines that to meet up with the rapid scien-
tific and technological advancements requires the presence 
of well-trained, efficient, knowledgeable, and skilful teach-
ers who are versatile in discharging their duties and respon-
sibilities, as no educational system can rise above the quality 
of its teachers. A proper and regular training and re-training 
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of science teachers are sacrosanct in achieving maximum 
impact through science education. Through experience and 
scholarship, some thematic areas of need have been iden-
tified in the past as essential areas to consider during sci-
ence teachers’ professional development (Odia and Omo-
fonmwan, 2007; Florence, 2015; Udu, 2018). Some of these 
were considered during the inaugural train-the-trainers biol-
ogy workshop (TTTBW) organized for teachers in Anambra 
state, Nigeria. Some of the topics covered include a) effec-
tive communication skills for biology teaching; b) teaching 
management skills c) dynamics of child education; d) new 
pedagogical skills in teaching biology; e) strategies for tar-
geted assessment in biology; and f) adaptation of biology 
teaching for resource-poor countries. 

The passion for contributing our quota to salvage science 
education in Nigeria through motivation and professional 
development of teachers brought about the design of the 
TTTBW. The words of Plato, “do not then train youths to 
learning by force and harshness, but direct them to it by what 
amuses their minds so that you may be better able to discover 
with accuracy the peculiar bent of the genius of each” sum-
marizes the objectives of this program (Goodreads, n.d.). 
TTTBW was geared towards exposing biology teachers to 
critical and transferable effective teaching and learning skills 
in biology, using professional seminars, interactive lectures, 
one-on-one learning, knowledge assessment sessions, teach-
ing, practical simulations, and group discussions. The main 
aim of the workshop was to train teachers who will contin-
ually train other teachers within their schools, to be able to 
have a sustainable impact on the students. All the training 
materials (CDs containing the recorded version of all work-
shop lectures and biology simulation videos) were given to 
each trained teacher to reproduce and further train other bi-
ology teachers in their school. These materials were given to 
enable each teacher to refresh on the course and also to be 
able to have a useful reference when transferring the knowl-
edge gained. The participants were also given an eye mod-
el and a dissecting set as biology instructional material for 
their schools. The participants of TTTBW have been well in-
formed and had consented to their future role of training oth-
er teachers and schoolchildren after the workshop with the 
training and instructional materials provided for them. The 
envisaged long-term impact of this program will be moni-
tored and evaluated through a systematic follow-up strategy.  

Over time, teachers’ training and retraining have been 
seen as a veritable tool for the sustenance of educational 
growth and impact (Florence, 2015). However, this has been 
neglected in Nigeria, mainly due to inadequate funding and 
a lack of educational leadership (Odia and Omofonmwan, 
2007; Nwafor et al., 2015). This article reports an apparent 
attempt to initiate and evaluate the impact of a train-the-
trainer workshop model for biology teachers as a veritable 
tool for science advocacy. 

METHODS
Study Type and Setting. This questionnaire-based descrip-
tive impact assessment study was carried out in the train-the-
trainers biology workshop (TTTBW) held between 7th and 
8th January 2020 at Anatomy Department, Nnamdi Azikiwe 
University, Nnewi Campus, Nigeria.

Recruitment of Teachers for TTTBW. The TTTBW 
participants were recruited through an online form at 
www.formsite.com through the link - https://fs22.formsite.
com/FRPjY0/wemfvuyzoe/index.html?1576622997975 - 
between and December 1-25, 2019. A Bachelor’s degree in 
biology or biology education is the standard qualification 
for being a biology teacher at the secondary school level in 
Nigeria. However, TTTBW recruitment was not restricted 
to this standard. The program was not targeted at teachers at 
any specific experience level but included biology teachers 
whose professional needs would be met. The selection 
criteria were based on the following:
•	 Being a secondary school biology teacher 
•	 Availability to attend and participate fully in the work-

shop
•	 Knowledge-transfer ability
•	 The motivation for the workshop
•	 Potential for impact

The criteria mentioned above were assessed through an 
online participant recruitment forms filled by the teachers 
before the workshop. The form had questions that assessed 
all the above-stated criteria. However, knowledge-trans-
fer ability, motivation for the workshop, and potential for 
impact were assessed subjectively, but were scored and 
independently assessed by the TTTBW coordinators. The 
teachers who had the highest average scores were selected 
to participate in the workshop. Out of fifty-three teachers 
that applied, thirty-two teachers (~60%) with varying teach-
ing experience levels (<2 to >5 years) were selected, with 
regards to the funding capacity for the workshop; howev-
er, only thirty-one participants fully attended the workshop 
(~97%).

Train-The-Trainers Biology Workshop. The workshop 
covered need-based thematic areas with the objective of sci-
ence advocacy and improved biology teachers’ knowledge, 
teaching skills, class management skills, and overall teacher 
effectiveness. Each topic was taught for at least an hour and 
was handled by experts in biology, education, psychology, 
science communication, and management. Some of the top-
ics taught and their objectives are summarized below:
Effective Communication Skills for Teaching Biology. At 
the end of this topic the teachers should be able to:

•	 Apply communication strategies in their daily teach-
ing tasks
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•	 Use specific communication styles to increase stu-
dents’ understanding of science

•	 Use specific communication styles to increase stu-
dents’ interest in science

Teaching Management Skills (Time and Class Size Man-
agement). At the end of this topic the teachers should be 
able to:
•	 Apply management skills to their daily teaching tasks
•	 Manage their class size to make an effective output
•	 Manage their teaching periods to meet teaching and cur-

riculum targets
•	 Manage teaching resources for maximum output
•	 Manage students for more productivity
Dynamics of Child Education. At the end of this topic the 
teachers should be able to:
•	 Apply different skills needed to teach an adolescent ef-

fectively. 
•	 Identify what could constitute child abuse in adolescent 

education
•	 Identify peculiarities that make an adolescent and how 

to manage them as a teacher
New Pedagogical Skills in Teaching Biology Teaching. At 
the end of this topic the teachers should be able to:
•	 Utilize effective pedagogical (teaching) planning 
•	 Apply the pedagogical competencies and approaches 

(the 4Cs – collaboration, communication, creativity, and 
critical thinking) in teaching

•	 Apply specific biological teaching methods
•	 Apply teaching instruction and effective student inter-

action
Strategies for Targeted Assessment in Biology. At the 
end of this topic the teachers should be able to:
•	 Outline the importance of assessment
•	 Identify different types of assessments used in the sci-

ences
•	 Create an effective assessment 
•	 Design assessment for specific purposes in biology
Adaptation of Biology Teaching for Poor-Resource 
Countries. At the end of this topic the teachers should be 
able to:
•	 Identify educational infrastructural challenges in re-

source-poor countries
•	 Apply coping mechanisms and adaptation strategies to 

sustain effective teaching
•	 Apply innovations in teaching biology
Other workshop activities included:
•	 Biology practical simulations
•	 Breakout sessions for discussions of topical issues in 

education
•	 Anatomy museum tour

Workshop Impact Assessment. All the participants of 
TTTBW participated in the impact assessment evaluation. 
This assessment’s objective was to determine the immedi-
ate impact of TTTBW on the participants and the overall 
perception of participants about the program. A de-identified 
questionnaire was designed and peer-reviewed with quanti-
tative and qualitative assessment components for the overall 
assessment of the workshop’s impact. The questionnaire had 
a mix of open-ended, closed, or Likert-scale (1-5) question 
types. A preliminary pilot testing was done with a small tar-
get audience, and modifications were made to the question-
naire following the outcome. The final questionnaire draft 
was tested for consistency using internal consistency (Cron-
bach’s alpha of 0.7), test-retest reliability, and inter-rater 
reliability (Kappa statistic, K = 0.9) before final validation 
by science education and teacher training experts. The ques-
tionnaire was self-administered by all the participants at the 
end of the last day (day 2) of the workshop. It contained a 
section on personal information (age, sex, level of educa-
tion) and an impact assessment section (see results section). 
Pre and post-test were also administered ten minutes before 
and one week after each of the topics were taught. However, 
by convenient sampling and following the topics the teach-
ers had indicated more interest in during the recruitment pro-
cess, pre and post-tests were only carried out for topics A to 
C and analyzed for statistical differences. Trained workshop 
volunteers graded these tests with answers provided by the 
course facilitators.  

Statistics Analysis. All data (online recruitment and 
post-workshop impact assessment) were de-identified, 
cleaned of errors, coded, and entered into excel before trans-
fer for analysis using IBM SPSS version 21. The qualitative 
data were screened to generate common themes which were 
reviewed by two authors independently before inclusion. 
The quantitative data were analyzed using the descriptive 
statistics while the pre and post-test scores were analyzed 
using the student t-test. All data collected were used for the 
analysis. Data were considered significant at p<0.05.

RESULTS
TTTBW Participant Characteristics. There are thirty-one 
TTTBW participants (70% female; 30% male) recruited 
from twenty-five different secondary schools with private 
schools contributing the highest number (51%) of teachers 
trained (Table 1). Public and missionary schools made up 
the rest of the participants (Table 1). The largest and median 
age group of participants is 26-35 years, representing 52% 
of the total participants, while 7% were between 18-25 years 
(Table 2). 

Most of the participants (73%, n=23) have a bachelors 
degree with a few (10%, n=3) having a secondary school 
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certificate or its equivalent as their highest qualification 
(Figure 2). These qualifications were more in the biology-re-
lated speciality (for example agriculture, science education, 
chemistry, anatomy, microbiology) (54%, n=17) than in bi-
ology or biology education specifically (43%, n=13) (Figure 
2). 26% (8) of the participants teach biology and biology-re-
lated subjects; 63% (20) of the participants teach non-biolo-

gy related science subjects while 11% (3) teach non-science 
subjects (Figure 3). A significant number (62%) of the par-
ticipants teach one extra subject other than biology while just 
a few (15%) teach only biology (Figure 4). The participants 
have a median class size of 50-100 students, with 10% hav-
ing a class size of <25 students (Table 3). The participants’ 
highest and median teaching experience was >5 years, while 
17% had <2 years of teaching experience (Table 4).

TTTBW Pre-workshop Interview. The workshop topic 
preferences were assessed before the workshop with most 
participants (72%, n=22) showing interest in the topic ‘new 
pedagogical skills in teaching biology’. In comparison, be-

tween 3 – 6 % were interested in other topics (Figure 5). 
Also, 77 % (24) of the participants revealed that they would 
likely not be a biology teacher in the next five years (Table 
5). However, the participants expressed enthusiasm in the 
transfer of knowledge that will be gained in the workshop 
through different means such as 1) classroom teaching 2) 
organizing school mini-workshops 3) personal interaction 
with students and colleagues 4) departmental board meet-
ings 5) group discussions 6) material sharing. One of the 
participant’s response reads: “I intend to transfer the knowl-
edge gained in this workshop through the following ways: 
1. One-on-one interaction with my colleagues and interest-
ed individuals 2. By organizing mini-workshops in primary, 
secondary, and tertiary institutions 3. By printing and pub-
lishing works which are based on the knowledge acquired 
from the workshop.”

TTTBW Overall Satisfaction and Impact Assessment. 
Our questionnaire-based impact assessment was focused 
on identifying the participants’ level of satisfaction with 
the most critical aspects of the TTTBW. All the participants 
(100%) either agree or strongly agree that the facilitators 
knew the subject matter well while 95 % agree or strongly 
agree that they gave clear explanations to the topics covered 
(Figure 6). No participant disagreed or strongly disagreed 

Age groups (years) Frequency (N) (%)
< 18 0  (0)
18 - 25 7 (22)
26 - 35 16 (52)
> 35 8 (26)
Total 31(100)

Table 2. Age Distribution of TTBW Participants. Data are presented in 
the nearest whole numbers and percentages.

School type Number of schools 
(N) (%)

Number of persons 
(N) (%)

Missionary School 3 (12) 3 (10)
Private school 11 (44) 16 (51)
Public schools 11 (44) 12 (39)
Total 25 (100) 31 (100)

Table 1. TTTBW Participants’ School Distribution. Data are presented 
in the nearest whole numbers and percentages.

Figure 2. Area of Specialization of TTTBW Participants. The 
values are given in the nearest whole number. The total number 
of teachers interviewed= 31. The area of specialization shows the 
degree title that qualifies the teacher as a biology teacher. Biology 
related speciality includes all science courses except biology or 
biology education. Non-biological sciences include all non-sci-
ence courses

Figure 3. Subject Areas taught by TTTBW Participants. The 
values are given in the nearest whole number. The total number 
of teachers interviewed= 31.

Figure 1. Level of Education of TTTBW Participants. The val-
ues are given in the nearest whole number. The total number of 
teachers interviewed= 31.
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Teacher 2: “Communication is the main medium for 
transferring knowledge. So I was much interested in 
it and as such I learnt the various skills to use while 
handling the students especially the verbal commu-
nication skills”.
Teacher 3: “I actually want to say that almost all the 
aspects of the workshop interests me…” 

What topics or issues were not clear to you? The partic-
ipants ascertained the clarity of the topics discussed in the 
workshop:

Teacher 1: “how to combine teaching and copying 
note…”
Teacher 2: “All the topics were all clear and all the 
resource persons were good – the explanations were 
all good and well taken.”
Teacher 3: “how we can improvise for biology 
teaching due to lack of funds”

What topics would you like to be taught in the future 
workshop? The teachers suggested several topics as pos-
sible topics for future workshops. A teacher noted this to 
include ‘different concepts in biology that are difficult to 
teach’ with examples given as genetics and evolution, Kreb’s 
cycle, new classification principles, cellular respiration, gly-
colysis, etc. Many teachers mentioned that information and 
communication technology (ICT) useful in biology teaching 
and learning should be considered for future workshops. A 
teacher said: “To expose teachers to modern facilities such 

that the lecture speed was appropriate or that the facilita-
tors appropriately answered their questions (Figure 6). Fig-
ure 6 also showed that only 22% of the participants agreed 
that the speed of the lectures was appropriate, while more 
than half (56%) agree or strongly agreed that the facilitators 
welcomed or responded well to questions. The majority of 
the participants (74%, n=23) agreed or strongly agreed that 
the topics taught in the workshop were relevant though only 
about one-third (31%) agreed or strongly agreed that the top-
ics were new to them (Figure 6). Most of the participants 
(91%) agreed or strongly agreed that the workshop increased 
their interest in teaching biology, while others (9%, n=3) 
were indifferent (Figure 6). 96% of the participants agreed 
or strongly agreed that they would recommend the workshop 
to other biology teachers and all the participants scored the 
TTTBW above average (26%) or excellent (74%) (data are 
not shown).

Responses to the Post-Workshop Evaluation Interview.
What part of the workshop interested you more and 
why? The participants expressed general satisfaction with 
all the aspects of the workshop but were particular about 
some of the workshop aspects which included the lectures 
(new pedagogical skills, effective communication skills 
for teaching biology, teaching management skills), biology 
practical simulations, and the teachers’ breakout sessions. 
Some of the teachers’ responses read:

Teacher 1: “The lectures taught me some new skills 
and sharpened those I already know. The breakout 
periods helped me to understand co-teachers expe-
riences…It gave me insights on the new methods of 
teaching science subjects as a whole”.

Teaching experience (years) Frequency (N) (%)

<2 5 (17)
2-5 8 (28)
>5 16 (55)
Total 29 (100)

Table 4. Teaching Experience of TTTBW Participants. Data are pre-
sented in the nearest whole numbers and percentages.

Class size Frequency (N) (%)
<25 students 3 (10)
25 - 50 students 10 (35)
50 - 100 students 7 (24)
> 100 students 9 (31)
Total 29 (100)

Table 3. Class Size of TTTBW Participants. Data are presented in the 
nearest whole numbers and percentages.

Figure 4. Number of Subjects Taught by TTTBW Participants. 
The values are given in the nearest whole number. The total num-
ber of teachers interviewed= 31.

Figure 5. TTTBW Participants Pre-Workshop Topic Preferenc-
es. The values are given in the nearest whole number. The total 
number of teachers interviewed= 31.
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as the use of projections, laptops, computer, internet, etc”. 
Other new areas to learn in the future noted by the teach-
ers include biology practical other than simulations, guid-
ance and counselling skills, innovative mindset for teachers, 
how to curb exam malpractice and how to make an effective 
scheme of work for biology. 

Pre and Post Subject Evaluation. The analysis of pre and 
post-test scores (A-C) in topics covered in TTTBW showed 
significantly higher scores (p<0.05) in the post-test scores of 
participants compared to the pre-test scores in topics cov-
ered in the workshop, with the participants having the high-
est mean post-test scores in topic A (effective communica-
tion skills for teaching Biology) (Table 6).

TTTBW Participants’ Recommendations. Several recom-
mendations were made by the teachers and are summarized 
as follows:
•	 More teachers should be invited to future workshops.
•	 More practical work should be done.
•	 The workshop should be extended to other parts of the 

country.

•	 Free materials for biology practical should be given to 
the participants for implementation.

•	 Accommodation should be provided for teachers in fu-
ture workshops.

•	 The workshop should be done at least annually.
Some of the comments read:
Teacher 1: “…I think this kind of workshop should 
be organized often or maybe annually to improve 
teaching.”
Teacher 2: “Biology practical involving the partic-
ipants either learning from a facilitator or among 
themselves in groups”

DISCUSSION
Teacher training and motivation have long been used as 

a tool for ensuring stability, productivity, and effectiveness 
in teaching and learning (Ofojebe and Ezugoh, 2010). There 
are variations of professional needs across different levels of 
teaching, school type, and personal expertise (OECD, 2009). 
TTTBW was carried out with the mindset of reaching out 
to a mixed teacher population with common professional 
needs. Our study involved a fair share of male to female ra-
tio (1:2) (data not shown) with a median age of 26-35 years 
(Table 2) spread across different types of schools (Table 1) 
and with varying educational qualifications (Figure 1) and 
levels of experience (Table 4). This is typical of Adedokun 
(2016) report in his demographic study of secondary school 
teachers in Nigeria. 

Several problems have been identified as being peculiar 
to science education in Nigeria (Avalos, 1995; Odia and 
Omofonmwan, 2007; Adedokun, 2016; National Academies 
of Sciences [NAS], 2016). Our study cohorts’ baseline char-
acteristics showed proof of some of these earlier document-
ed challenges and some emerging ones. We observed that 
about 10% of the teachers assessed in this study teach biolo-
gy but have no minimum qualification to teach biology at the 
secondary school level (Figure 1). Among those that have a 
university degree, our study revealed that their degree spe-
cialization was more in biology-related courses than biology 

Will you still be a biology teach-
er in the next 5 years?

Frequency (N) (%)

Yes 7 (23)
No 24 (77)
Total 31 (100)

Table 5. TTTBW Participants’ Likelihood of Remaining a Biology 
Teacher. Data are presented in the nearest whole numbers and percent-
ages.

Test Mean scores ± SD p-value t-value
Pre-test Score A 7.45±1.74 0.000* -4.517
Post-test Score A 9.05±1.13
Pre-test Score B 5.04±1.55 0.000* -5.984
Post-test Score B 7.33±1.58
Pre-test Score C 6.95±.83 0.004* -3.249
Post-test Score C 7.95±1.23

Table 6. Pre and Post-Test Scores of Participants in A-C Topics Cov-
ered in TTTBW. Data are presented as mean score ± standard deviation 
(SD). * represents statistical significance at p<0.05 following a student 
t-test for the pre-test and post-test of topics A-C.

Figure 6. TTTBW Overall Satisfaction and Impact Assessment. 
Likert scale (1-5) was used for this assessment: 1 = strongly 
disagree (SD), 2 = disagree (D), 3 = neutral (N), 4 = agree (A), 
5= strongly agree (SA). Questions with zero responses were not 
shown in the bar charts; thus, those not shown have 0%. The 
values are given in the nearest whole number. The total number 
of teachers interviewed= 31.
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or biology education itself with even a few teachers having 
a non-biological science-related degree (Figure 2). Our find-
ings are supported by the earlier publications that reported 
the massive employment of unqualified youths as teachers 
in Nigerian schools (Aina, 2016). This has been found to 
adversely affect the students’ performance (Akinsolu, 2010).
More than half of the teachers who participated in TTTBW 
teach one extra subject asides from biology with more than 
70% of these number teaching either a non-biology related 
subject or a non-science subject within the same school (Fig-
ure 3-4). Amidst having unqualified teachers teach multiple 
subjects, the teachers are also faced with another difficul-
ty – large class size. Our study cohort has a median class 
size of 50-100 students per teacher (Table 3). It will lead 
to inefficiency and reduce the level of the impact made on 
the students due to ineffective class management (Ngoboka, 
2002; Jepsen, 2015).

The problems of science education in a resource-poor 
country like Nigeria could be multifaceted (Avalos, 1995; 
Odia and Omofonmwan, 2007; NAS, 2016), which has been 
substantiated by this present study to include unqualified sci-
ence teachers, non-specialization of teachers, and large class 
sizes. Our study could not explain why unqualified teachers 
are being engaged in teaching biology even in urbanized ar-
eas where most of the teachers recruited for this study work 
(data not shown). We could infer that there could be a de-
clining interest in teaching biology at the secondary school 
level or a shortage of qualified biology teachers in Nigeria 
as already opined by some studies (Adeyemi, 2011; Lawa-
li et al., 2015). This is following the significant number of 
participants (77%) who were unwilling to remain a biology 
teacher in the next five years (Table 5). The unwillingness 
to remain a biology teacher could also result from low job 
satisfaction by the teachers (Mukuni, 2013). The large class 
sizes were suggested to be due to the lack of infrastructure, 
inadequate funding, or a mere desire to cut personnel cost 
(Ngoboka, 2002; Jepsen, 2015).

Following a pre-workshop teacher assessment, we ob-
served a remarkable lack of new pedagogical skills needed 
for biology teaching. Most of the TTTBW participants in-
dicated an interest in learning this skill compared to other 
topics taught at TTTBW (Figure 5). This exposes that the 
teachers lacked the much needed continuing profession-
al development (CPD) (Avalos, 1995; NAS, 2016). Also, 
about one-third of the teachers interviewed agreed that the 
topics they were taught were entirely new to them (Figure 
6). This is corroborated by the 78% of teachers who were 
unsure whether the speed of the lectures they had during the 
workshop was appropriate for them (Figure 6). 

One of the most important indicators of the effectiveness 
of TTTBW as a tool for science advocacy is the reversal of 
the lack of interest to teach biology which the teachers earli-
er expressed before the workshop (Table 5). The post-work-

shop impact evaluation report showed that most participants 
(91%) agreed or strongly agreed that the workshop increased 
their interest in teaching biology. Hurd (1962) had long ar-
gued that what gives a biology teacher a good look is their 
education level and interest in teaching biology. Hence, 
increasing the interest in teaching biology should be para-
mount in the training of biology teachers; however, it is not 
clear whether this increased interest would influence their 
decision to remain a biology teacher for years to come. This 
can only be determined through a follow-up or longitudinal 
study. All the participants also attested that TTTBW was ei-
ther above average or excellent (data are not shown) based 
on its overall activities. This is clear evidence that TTTBW 
could be a veritable tool for science advocacy, howbeit, with 
a clearly defined need-based objective.

The test scores of the TTTBW participants were observed 
to be significantly higher than the pre-test scores in all the 
three different topics (A-C) examined (Table 6). This is 
further proof of the level of impact TTTBW could make in 
specific teacher education themes. It could be noted that the 
teachers performed better in topic A - ‘effective communica-
tion skills for biology’ (post-test score A) compared to other 
topics (B and C) (Table 6). This is not surprising as most of 
the teachers highlighted during the interview that the lec-
ture is one of their high points during the workshop. One of 
the teachers said, “communication is the main medium for 
transferring knowledge. So I was much interested in it and 
as such I learnt the various skills to use while handling the 
students especially the verbal communication skills”. This 
level of the impact made by TTTBW on the teachers could 
be attributed to the fact that the facilitators know their sub-
jects well, gave clear explanations to the topics taught, and 
answered the teachers’ questions appropriately (Figure 6). 
These findings have revealed the need for a more sustainable 
TTTBW prototype to be developed which could be in the 
mainstream of the teachers’ CPD or the training of newly 
employed science teachers as should be necessitated (Zulki-
fli, 2014).

The teachers have identified several areas where more 
training would be needed in the future. These include, ac-
cording to one of the teachers: “different concepts in biology 
that are difficult to teach”, use of ICT in teaching, practi-
cal other than simulations, guidance and counselling skills, 
how to curb examination malpractice, developing an effec-
tive scheme of work, and how to be innovative as a science 
teacher. The role of ICT in effective teaching and learning 
has been described (Aina, 2013); thus ICT skills should be 
prioritized in teacher’s training as the demand for these skills 
by workshop participants shows that this is lacking or inad-
equate. A study by Oyeronke and Fagbohun (2013) reported 
a lack of these skills in their study cohort.

The overall impact made by TTTBW regardless of 
the baseline characteristics, year of experience, and lev-
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el of expertise of the teachers showed its effectiveness and 
adaptability as a tool for science advocacy, especially in 
resource-poor countries. However, there may be a need to 
consider other environmental and socio-cultural factors (Ol-
mos-Gómez et al., 2019) which may affect the effectiveness 
of TTTBW when being adapted or implemented in any other 
locality atypical to our study setting.

The key performance indicators of TTTBW includes not 
just the ability and willingness to transfer the knowledge 
garnered from the workshop but also the effectiveness of 
such transfer when made. There are known teaching meth-
ods that facilitate more effective knowledge transfer from 
the teacher to other teachers and students (Lakatos and Bor-
sos, 2011; Van Doorn and Van Doorn, 2014). There is a need 
to have a measurable follow-up strategy for any workshop 
such as TTTBW when being executed to ensure and mon-
itor its effectiveness. Some useful follow-up strategies for 
teacher training and professional development have been 
earlier recommended by O’Sullivan (2002). In this present 
study, the participants showed enthusiasm and willingness 
to transfer the knowledge gained after the workshop. This 
is one of the major criteria also considered during the se-
lection of TTTBW participants. They were also detailed in 
how they would transfer the knowledge gained in TTTBW 
to other colleagues. One of the teacher’s response reads: “I 
intend to transfer the knowledge gained in this workshop 
through the following ways: 1. One-on-one interaction with 
my colleagues and interested individuals 2. By organizing 
mini workshops in primary, secondary and tertiary institu-
tions 3. By printing and publishing works which are based 
on the knowledge acquired from the workshop.” This could 
be a sign of possible success with the knowledge transfer in 
their different schools (Van Doorn and Van Doorn, 2014), 
given that all the lecture materials used for the workshop 
were made available to all TTTBW participants. 

Nevertheless, it could be argued that the capability of 
knowledge transfer may differ amongst teachers. A teacher 
hinted during the interview that he/she can still not under-
stand how to cope with teaching and copying notes on the 
blackboard (as required by most schools in resource-poor 
countries), even after the workshop. However, all TTTBW 
participants ascertained the clarity of the topics taught 
during the workshop. This tells that the efficacy of the teach-
ers’ transfer of knowledge will be mostly dependent on the 
level of understanding of the topics taught during the work-
shop (Van Doorn and Van Doorn, 2014). This current study 
does not provide any evidence on the efficacy or effective-
ness of the transfer of knowledge gained during the TTTBW 
it described, as the participants are still under follow-up for 
this purpose. 

The teachers have made some useful recommendations 
regarding TTTBW, which borders on increasing the number 
of participants, participant funding, regularity, and program 

scope. This draws attention to the much-needed funding for 
teacher education and training especially in resource-poor 
countries (Nwafor et al., 2015) and calls for a more synergis-
tic effort by governments, charities, institutions, professional 
bodies, scientific societies, and philanthropists towards sci-
ence advocacy and teacher training. 

Limitations. TTTBW is a pilot program that has shown 
many prospects for impact but has room for significant im-
provement. We have reported and discussed results based on 
a small sample of 31 biology teachers, even though they are 
recruited across 25 different schools. This may limit all pos-
sible interpretations and elucidations that the larger teacher 
cohort may offer. However, we do not claim our interpreta-
tions to be exhaustive, which was not our study’s aim. Our 
findings highlight that even with a small sample, there was a 
considerable change in knowledge before and after TTTBW. 
It also suggested the need to scale up such training as an 
effort towards teacher professional development or in-ser-
vice training, especially in areas with a shortage of qualified 
science teachers. The selection of recruited participants was 
also based on those who have agreed through the recruit-
ment application to transfer the knowledge gained in the 
workshop and be assessed for the same. Hence some teach-
ers who may have benefited more from the program could 
have been left out. The high variability of the teaching expe-
rience and educational level of the teachers who participated 
in the workshop may have affected the workshop’s observed 
impact. There may be a need for an extensive evaluation of 
the impact of TTTBW across the varying levels of education 
and teaching experience. The teachers were only assessed in 
topics A-C taught in the workshop following the teachers’ 
interests alone, thus limiting the study purview. Again, we 
have developed the TTTBW based on our perceptions and 
personal communication between teachers in our locality on 
biology teachers’ needs. Hence, there may be a need for a 
comprehensive assessment of teachers’ professional needs 
which could be considered as a scale-up plan for TTTBW, 
for maximum impact. We could not provide all the necessary 
teaching aid support for the participants to sufficiently trans-
fer the knowledge gained in this workshop to other teachers 
and students due to limited funding. Impact of TTTBW may 
be limited when any of the schools could not provide these 
teaching aids.

CONCLUSION
The result of this study reveals significant findings on the 
impact of TTTBW on teachers. First, the data shows a sig-
nificant increase in the teachers’ knowledge base on sever-
al important biology workshop topics and their interest in 
teaching biology. These findings are fascinating considering 
the ‘mixed quality’ of the teachers. It also brings to fore the 
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necessary things to prioritize when planning or executing a 
training program for teachers. Our findings have vital impli-
cations for science teacher professional training.
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