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Abstract

This study examined the effects of classroom formative assessment techniques (CFATS) on
secondary school students’ academic achievement and retention in Biology. TWO research
guestions with their corresponding null hypotheses gave focus to the study. The researchers
adopted quasi-experimental design for the study which was carried out in Okpokwu Education
Zone of Benue State, Nigeria. The population of the study comprised all the 317 senior
secondary school Il students for the 2023/2024 academic session. A sample of 120 students was
draw using multistage sampling procedure. Biology Achievement Test (BAT) was used for data
collection. The instrument was face and content validated by three experts. The content validity
of the instrument was also ascertained using table of specification. The reliability of the BAT
was obtained using Kuder-Richardson 20 formula and a reliability estimate of 0.90 was
obtained. The data collected were analysed using mean, standard deviation and analysis of
covariance (ANCOVA). The findings of the study indicated that CFATs prove more effective in
enhancing students’ academic achievement and retention in Biology. Training and retraining
of teachers on the use of CFATs was one of the major recommendations of the study.
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Introduction

Secondary school Biology in Nigeria and particularly in Okpokwu Education Zone of
Benue State is faced with numerous challenges that significantly impact students’ academic
achievement and retention. One notable concern is the difficulty students faced in grasping
complex biological concepts, which has been consistently highlighted in various studies. Topics
such as genetics, cell division and the endocrine system are often cited as particularly
challenging leading to decrease motivation and negative attitude towards Biology among
Biology students. Studies have shown that this difficulties stem from multiple factors ranging
from overloaded curricular (Cimer, 2012), traditional teaching methods that prioritize rote
memorization over meaningful learning and a lack of resources and engaging materials
(Wilton, Gonzalex-Nino, Mcpartlan, Terner, Christoffersen & Rothman, 2019). These
challenges create a disconnection between Biology students in secondary schools and the
content, as students struggle to relate theoretical concepts to real-life situations. This
disconnects not only hampers students’ understanding but also contribute to a decline in
academic achievement and retention in Biology. In light of these challenges, there is a pressing
need for effective classroom formative assessment techniques (CFATS) that may enhance
students’ retention and improve academic achievement in Biology.

Academic achievement is a multifaceted construct that cut across different disciplines
and domains. Kpolovie, Joe and Okoto (2014) refers to academic achievement as grades used
by schools and examination bodies to judge the extent of students’ learning outcomes based on
pre-stated objectives. Academic achievement refers to the measures used by school and
stakeholders in education to judge the extent to which the objectives of teaching and learning
are being achieved. Academic achievement plays critical role in the education system as it
provides the information for making informed decision on the students and the school at large.
Academic achievement and retention are closely linked, meaning that students with higher
academic achievement are more likely to continue their engagement and retain concepts than
those with lower academic achievement. Retention is a vital aspect of learning. It refers to a
person’s capacity to transfer new knowledge into their long-term memory enabling them to
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recall and apply knowledge in the future. Joda (2019) viewed retention as the ability to recalled
information and material. It indicates how well students are able to retain information after they
have learned it, particularly after a certain period of time has passed. Biology concepts need to
be presented to students in the classroom in a way and manner that will help students retain
what has been taught by the teacher. The traditional teacher based assessment has failed to
bring out students’ outcome in terms of providing timely feedbacks to students on their
strengths and areas of possible improvement while the teaching and learning process is on-
going. One approach to getting students involved actively in their learning may be through the
use of classroom formative assessment techniques (CFATS).

CFATSs are essential tools used by educators to measure student learning, identify areas
for improvement, and provide timely feedback to enhance academic achievement. CFATS
according to Simpson-Beck (2011) are set of teaching styles designed to provide formative
assessments of student learning by engaging students in reflective evaluation of course
material, and through the systematic collection of student reflections on learning. These student
reflections provide the teacher with useful feedback on how much and how well students are
learning, which helps to improve the quality of teaching and learning in the classroom.
According to the Centre for Teaching, Vanderbilt University (2024), CFATSs refers to non-
graded, anonymous in-class activities designed to give students and teachers useful feedback on
the teaching and learning process while the teaching is on-going. The goal of CFATS is to bring
the attention of teachers and students to observe and improve learning rather than improve
teaching. To improve students’ academic achievement in the sciences particularly Biology at
the secondary school level, it is imperative to help students develop timely feedback
mechanism in the classrooms in the form of CFATSs. This is because Biology concepts are
complex and require both factual knowledge and conceptual understanding to learn Biology at
the secondary school level, using CFATS to improve students’ learning through observation and
timely feedbacks may yield substantial gain for Biology students in secondary schools.

There are different categories of CFATSs that can be employed by teachers in the
classroom to improve students’ learning. The categories outline by University of Maryland
Baltimore County (UMBC) Faculty Development Centre (2024) include: Memory Matrix, Two
Column List, Application Card, Virtual Exit Ticket, Self-Assessment, Quizzes, Think-Pair-
Share, One Minute Paper and Muddiest Point. Memory matrix is a category of CFATS used to
help students organize and recall key concepts or information from a lesson. Buyukkarci and
Sahinkarakas (2021) noted that memory matrix allows students to connect different elements of
the material, improving their understanding and memory retention. In memory matrix, a matrix
is created where key concepts or terms from the lesson are placed in rows or columns. Students
are then asked to fill in the cells of the matrix with relevant information or to make connections
between the terms. Two-column- list CFATSs according to Simpson-Beck (2011) helps students
organize information and identify relationships between concepts, often used to compare and
contrast information or categorize ideas. In two-column-list students create two columns, one
for each category or concept being compared. In one column, student list characteristics or
examples of one item, and in the other, they list characteristics or examples of another. This
helps with synthesizing and categorizing information for better understanding of lesson.

Application Card CFATSs helps students connect theoretical knowledge to real-world
applications. It encourages students to think critically about how concepts can be used in
practical or everyday situations. Angelo and Cross (1993) cited by Simpson-Beck (2011)
maintained that in application card technique, the students are given a concept, theory or
principle from the lesson and asked to write down a real-world example or application of that
concept. This helps to link classroom practice to real life situation and could be of immense
benefit to the students in terms of developing mnemonics for easy retention of concepts taught
in the lesson. Self-assessment is another important CFATS that encourages students to reflect
on their understanding identify areas of strengths and areas of possible improvement in their
learning process. Self-assessment fosters metacognitive skills as students learn to monitor and
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regulate their learning strategies. This practice not only enhances self-awareness but also
motivates students to take ownership of their learning. Quizzes are the most popular traditional
CFATs employed by most teachers. Unlike high-state tests, formative quizzes are typically
low-pressure and may even be ungraded. They help both students and teachers identify areas of
strength and areas of weaknesses. Think-pair-share CFAT is a collaborative activity that
encourages student interaction and critical thinking. In a think-pair-share class, the students
first think individually about a question or problem then the student pair up to discuss their
thoughts with a partner. By challenging students to discuss and defend their ideas, this CFAT
turns formative assessment into learning opportunity that may lead to substantial gain for the
students. Among the various CFATSs discussed above, the scope of this study is restricted to
ascertaining the effect of one minute paper and muddiest point on secondary school students’
academic achievement and retention in Biology. These CFATs were chosen based on Biology
students’ instructional need and secondly both techniques are formative, low-stakes
assessments that provide immediate feedback to both students and teachers.

A one minute paper is used to determine whether students are gaining or not. In one
minute paper according to Sahoo and Tavwade (2021) students write a brief reflection of what
they learned or found confusing at the end of the class session. This can be used to identify the
areas of strength and areas of possible improvement in the lesson. Empirical evidence from
literature on the use of one minute paper to enhance students’ academic achievement has shown
a consistent trend. For instance, Stowe (2010) found out that the use of one minute paper CFAT
have significant positive impact on students’ grade in a principle of macroeconomic course.
Abbas and Aday (2018) investigated the effect of one minute paper CAT in obtaining history
material for second grade students, result shows that the experimental group who applied one
minute paper performed better than those in the control group. These results were also
consistent with Campbell, Abel and Lucio (2020) who explored the use of one minute paper as
a brief and consistent assessment tool in master’s level social work course in research and
advanced clinical practice with individual courses and found out that the use of one minute
paper result to substantial knowledge gains in class for students. These results not withstanding
needs to be re-examine with secondary school students in Nigeria that is a different location
with varying factors.

Muddiest point CFATS is a quick formative assessment method used to identify the areas
of a lesson or topic that students found most confusing or difficult to understand. In this
technique students are asked to write down the concept or idea that was the "muddiest™" or
hardest to understand at the end of the lesson. This feedback according to Zhu and Carless
(2018) helps teachers to identify which areas need more clarification or further explanation.
The use of CFATSs in Biology classrooms at the secondary school level may have a strong
impact on students’ academic achievement in Biology owing to the fact that Biology as a
subject requires both practical and factual understanding of concepts. Hence, the choice of
assessment technique should be based on the learning objectives, the type of content being
taught, and the needs of the students. A combination of different CFATSs, both formal and
informal, ensures a well-rounded understanding of student progress and achievement.

Research on muddiest point on students’ academic achievement over time has shown
mixed results from researchers. Krause, Baker, Carbery, Alford, Ankeny, Koretsky and Chan
(2014) reported in their study that muddiest point CFATS improve students’ academic
achievement. Snead (2017) found no significant difference between Chemistry students who
participated in the muddiest point CFATS section with their counterparts who do not. Muteti
(2023) investigated the impact of muddiest point activity on student learning outcomes through
top hat technology and found out that muddiest point implemented in the classroom through
digital platforms like the top hat technology improve students’ academic achievement in
Chemistry. This calls for more research particularly in Nigeria and among secondary school
students’ studying Biology to ascertain the veracity of these results and to ascertain if students’
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retention of biological concepts that can be easily achieved with these CFATs in Nigerian
secondary schools with varying factors.

Very few researches have documented empirically the effect of CFATS on students’
retention. The available results show a consistent trend in favour of students’ retention. The
work of Divoll and Browning (2010) found out that the use of CFATS help students to retain
concepts. Onoja (2021) investigated the effect of peer assessment strategy on students’
academic achievement and retention in Biology and found out that peer assessment CFATS
improve students’ academic achievement in Biology and also aid students’ retention, these
results were also consistent with Ejembi (2023) who investigated the effect of formative
assessment techniques on secondary school students’ academic achievement and retention in
Mathematics and found out that formative assessment techniques aid students’ retention in
Mathematics. It is pertinent to note that even though all the reviewed studies investigated the
effect of CFATSs on students’ academic achievement and retention in different subjects from
different locations, no study has been carried out on CFATSs in Okpokwu Education Zone of
Benue State. The present study is the first of its kind to investigate the effect of CFATSs on
secondary school students’ academic achievement and retention in Biology in Okpokwu
Education Zone of Benue State, Nigeria. Hence, the need for the study.

Purpose of the study
The major aim of this study is to investigate the effect of CFATSs on secondary school
students’ academic achievement and retention in Biology okpokwu education zone of Benue
State. Specifically; the study sought to investigate:
1. the differences in the mean achievement scores of secondary school students assessed
in Biology using CFATS and those assessed using traditional teacher assessment
2. the differences in the mean retention scores of secondary school students assessed in
Biology using CFATSs and those assessed using traditional teacher assessment

Research Questions
The following research questions were posed to guide the study
1. What are the mean achievement scores of secondary school students assessed in
Biology using CFATSs and those assessed using traditional teacher assessment.
2. What are the mean retention scores of secondary school students assessed in Biology
using CFATSs and those assessed using traditional teacher assessment

Hypotheses
The following null hypotheses guided the study and was tested at 0.05 level of
significance
1. There is no significance difference in the mean achievement scores of secondary school
students assessed in Biology using CFATSs and those assessed using traditional teacher
assessment
2. There is no significance difference in the mean retention scores of secondary school
students assessed in Biology using CFATS and those assessed using traditional teacher
assessment

Methods

The study employed quasi-experimental research design. Specifically, the non-
equivalent pretest, posttest control group design was adopted. This design was deemed fit for
this study because the study has two treatments (one minute paper and muddiest point) CFATS
and one control (traditional teacher assessment).The study was conducted in Okpokwu
education zone of Benue State, Nigeria and the population of the study comprised of the 317
Senior Secondary School two (SSSII) students in public secondary schools in the education
zone for the 2022/2023 academic session. The choice of SSII students is due to the fact that
they are not involved in external exams and have Biology as one of the subject to study so
CFATs may play a significant role in improving their academic achievement and retention
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before approaching the apex class where the Senior School Certificate Examination (SSCE)
will be taken.

The sample for this study comprised 120 students in three intact classes drawn using
multistage sampling procedure. At the first stage, simple random sampling was used to draw
edumoga district out of the three districts that constitute Okpokwu Education Zone of Benue
State. At the second stage simple random sampling techniques was also used to draw Ugbokolo
ward out of the six wards that makes up Edumoga District. At the third stage simple random
sampling was used to draw three schools out of the 12 senior secondary schools in Ugbokolo
ward and at the fourth stage the three schools were randomly assigned into the experimental
and control groups. One of the classes formed the experimental group for the one minute paper
treatment with a total of 40 students; the other class with a total of 36 students was used for the
muddiest point treatment while the third class with a total of 41 students serve as the control
group for the traditional teacher based assessment. A 50 item Biology Achievement Test (BAT)
was the instrument used for data collection. The instrument was content validated using a table
of specification and was subjected to face validation using three experts, two experts from
Research, Measurement and Evaluation Unit and one from Biology Education unit, all experts
from the Department of Science Education, Faculty of Education, University of Nigeria
Nsukka.

The internal consistency of the BAT was ascertained and a reliability index of 0.90 was
obtained using Kuder-Richardson 20 (K-R20) formula. Three Biology teachers teaching in
three schools served as the research assistant for this study. Separate training was given to the
teacher for the one minute paper that of the muddiest point and the traditional teacher based
assessment. The experiment lasted for 11 weeks. One week for training of the research assistant
and pre-test, the 7 topics which include classification of plants, respiratory system, excretory
system, nutrient circle, ecological management, conservation of natural resources and pollution
were taught for 7 weeks. 4 days after the experimental treatment which form the 9" week of the
experiment, the instrument which was administered on the students as pre-test was reshuffled
with renumbered and administered on the students as post-test. Two weeks after the post-test,
the BAT was administered on the students to test their retention. The data collected were
analysed using descriptive statistics of mean and standard deviation while the hypotheses were
tested at 0.05 level of significance using ANCOVA. The basis for interpreting the null
hypotheses was to reject the null hypothesis if the associated probability value of the test
statistic is equal to or less than 0.05 level of significance, otherwise do not reject the hypothesis

Results
Tablel: Pre-test and Post-test Mean Achievement Scores of Students Assessed using CFATS
and Teacher Based Assessment

Pretesst Posttest Mean Gain
Mode of CFATs N x SD x SD
One Minute Paper 43 16.35 2.89 30.79 253 14.44
Muddiest Point 36 16.28 3.38 27.92  3.07 11.64
Traditional Ass 41 16.22 3.13 2395 1.79 7.73

The table above displayed the pre-test and post-test mean achievement scores of
secondary school students assessed using CFATSs and the teacher based assessment. The result
revealed that secondary school students assessed through One Minute Paper had a pre-test
mean score of 16.35 and a standard deviation of 2.89; with a post-test mean score of 30.79 and
a standard deviation of 2.53, the mean gain was 14.44. Those assessed through the Muddiest
Point had a pretest mean score of 16.28 and a standard deviation of 3.38 with a post-test mean
score of 27.92 and a standard deviation of 3.07. the mean gain was 11.64. Whereas the control
group that was assessed using the normal teacher classroom assessment had a pre-test mean
score of 16.22 and a standard deviation of 3.13, with a post-test mean score of 23.95 with a
standard deviation of 1.79. the mean gain was 7.73. These results therefore revealed that one
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minute paper prove to be more effective seconded by the muddiest point. This shows that
CFATSs was more effective than the traditional teacher assessment.
Table 2: Analysis of Covariance (ANCOVA) of the Effect of CFATS on Secondary School Students’
Academic Achievement in Biology

Type 111 Sum . Partial Eta
Source of Squares Df Mean Square F Sig. Squared

Corrected Model 993.7882 3 331.263 53.429 .000 .580
Intercept 3445.527 1 3445.527 555.727 .000 .827
Pretest 6.565 1 6.565 1.059 .306 .009
Group 989.726 2 494.863 79.816 .000 .579
Error 719.204 116 6.200

Total 93069.000 120

Corrected Total 1712.992 119

The result in table 2 shows the ANCOVA of the significance difference in the mean
achievement scores of students assessed using CFATSs and the traditional teacher assessment.
The F-ratio of F(2, 116) = 79.816, p < 0.05, n% = 0.58. Since the probability level of 0.00 is
less than 0.05 set as the level of significance, the null hypothesis that there is no significance
difference in the mean achievement scores of secondary school students assessed using CFATS
and those assessed using traditional teacher assessment is rejected. The inference is that there is
a significant difference in the mean achievement scores of secondary school students in
Biology assessed using CFATs and those assessed using traditional teacher assessment. The
effect size indicated by the partial et al squared of 0.58 shows that 58% of students’ academic
achievement in Biology is attributed to CFATS.

Table 3: Post-test and Mean Retention Scores of Secondary School Students Assessed using
CFATs and those Assessed using Teacher Based Assessment

Posttest Retention Mean Gain
Mode of CFATs N x SD x SD
One Minute Paper 43 30.79 2.53 33.93 0.94 3.14
Muddiest Point 36 27.92 3.07 30.19 2.27 2.26
Teacher Ass 41  23.95 1.79 25.73 2.43 1.78
Total 120 27.59 3.79 30.01 3.96 2.42

Table3 shows the post-test and retention scores of secondary school students assessed
using CFATs and those assessed using teacher based assessment. The result revealed that
Biology students assessed using one minute paper had a post-test mean score of 30.79 with a
standard deviation of 2.53 and a retention mean score of 33.93 with a standard deviation of
0.94, the mean gain was 3.14. Students assessed using the muddiest point had a post-test mean
score of 27.92 with a standard deviation of 3.07 and a mean retention score of 30.19 with a
standard deviation of 2.27 and the mean gain was 2.26. However, the students assessed using
the teacher based assessment which served as the control group had a post-test mean score of
23.95 with a standard deviation of 1.79 and a mean retention score of 25.73 with a standard
deviation of 2.43 and the mean gain was 1.78. These results prove that students assessed using
one minute paper retains more seconded by muddiest point and lastly the teacher based
assessment. The implication of this result is that CFATs aid secondary school students’
retention in Biology than the traditional teacher based assessment.

Table 4: Analysis of Covariance (ANCOVA) of the Effect of CFATs on Secondary Schools
Students’ Retention in Biology

Type Il Sum . Partial Eta
Source of Squares df Mean Square F Sig. Squared
Corrected Model 1440.460? 3 480.153  131.198 .000 172
Intercept 571.398 1 571.398 156.130 .000 574
Posttest 27.947 1 27.947 7.636 .007 .062
Group 419.578 2 209.789  57.323 .000 497
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Error 424,531 116 3.660
Total 109925.000 120
Corrected Total 1864.992 119

The result in table 4 shows the ANCOVA of the significance difference in the mean
retention scores of secondary school students assessed using CFATSs and those assessed using
the traditional teacher based assessment. The F-ratio of F(2, 116) = 57.323, p < 0.05, n% =
0.497. Since the probability level of 0.00 is less than 0.05 set as the level of significance, the
null hypothesis that there is no significance difference in the mean retention scores of students
assessed using CFATSs and those assessed using the traditional teacher based assessment is
rejected. The inference drawn is that there is a significant difference in the mean retention
scores of secondary school students assessed using CFATs and those assessed using the
traditional based teacher assessment. The effect size indicated by the partial eta squared of
0.497 shows that 50% of students retention in Biology is attributed to CFATS.

Discussions

The findings of the study revealed that students assessed using CFATSs achieved higher
academically in Biology than students assessed using the traditional teacher based assessment.
It also shows a substantial significant difference between the students assessed using CFATS
with those assessed using the traditional teacher based assessment. Hence, CFATS proves to be
effective in improving students’ learning than the teacher based assessment. This finding
corroborates with the findings of Stowe (2010), Abbas and Aday (2018) and Campell et al,
(2020) who separately revealed that one minute paper CFATS result to substantial knowledge
gain for students and have significant positive impact on students’ grade. The finding is also
consistent with the findings of Krause et al, (2014) and Muteti (2023) who revealed that
muddiest point CFATs improves students’ academic achievement. However, this finding
disagrees with the findings of Snead (2017) who found no significant differences between
students who participated in muddiest point CFATs and those assessed using the normal
teacher assessment. Hence, this result strengthens earlier works in support of CFATS in
improving students’ learning.

The findings also revealed that secondary school students assessed using CFATS
retained higher than those assessed using the traditional teacher based assessment. This finding
adds credence to the earlier finding of Divol et al, (2010) who revealed that CFATS aid students
to retain higher. The finding is also in consonance with the finding of Onoja (2021) who
revealed that CFATS like peer assessment aid students’ academic achievement and retention in
Biology. The findings of this work also agrees with Ejembi (2023) who revealed that formative
assessment techniques like the muddiest point aid students’ retention in Mathematics and also
improves students’ academic achievement.

Conclusion

Based on the results of this study, it is therefore concluded that one minute paper and the
muddiest point are essential for improving secondary school students’ academic achievement
and retention in Biology.

Recommendations

The following recommendations were proffered based on the study’s findings:

1. Teachers should be encourage on the use of CFATS to improve students learning and
retention of concepts.

2. Ministries of education should ensure that CFATSs are built into the assessment system
of schools for everyday use.

3. Professional bodies should ensure that CFATs are built into their themes and
subthemes for researchers to explore in conferences and seminars.
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