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Abstract

Effective teaching in 21st-century education needs to infuse formative assessment tasks into students’ personalized learning. This requires

teachers to develop their assessment literacy so that they are able to design high-quality formative assessment tasks and provide students with
constructive and timely feedback for meaningful conceptual change and self-directed learning. A project was conducted to develop pre-service
science teachers’ assessment literacy. The project consists of three stages: (1) The project team organized and conducted a series of workshops to
provide participants with sufficient knowledge of the conceptual change, metacognition and application of multiple-choice questions (MCQs) for
diagnostic purposes; (2) The participants were grouped and intensively shadowed by mentors to develop high-quality MCQs with feedbacks and
produce well-planned short teaching videos; and (3) The participants were guided to make reflection in terms of assessor identity after studying the
feedbacks from the secondary school teachers and students used the developed materials in their learning and teaching. To examine the project’s
effects, we developed a 20-item survey instrument that assesses participants’ perceptions of their performance assessment literacy. The instrument
covers three aspects: design of assessment tasks, providing students with feedback, and instruction based on assessment data. Pre-test and post-
test were administered to study the project’s effects, where participants rated their views on the items on a 5-point Likert scale. We found that
participants’ AL significantly developed after completing the project. Furthermore, the project produced a strong effect on the development of

participants’ AL concerning the design of assessment tasks.

Keywords: Assessment literacy; Diagnostic assessment; Alternative conception; Metacognition; Chemistry education

Introduction

Assessment literacy (AL) is regarded as a basic understanding
of educational assessment and related skills to apply such
knowledge to various measures of student achievement [1]. AL
is now considered as integral to teacher professionalism [2] for
two reasons. First, teachers are the key transforming agents in
educational assessment [3]. Second, assessment is indivisible from
student learning [4]. Consequently, teachers are required to make
effective assessment-related decision-making, such as developing
quality assessment items and providing feedback to facilitate
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learning and teaching. In 21st-century classrooms, assessment
tasks should provide students with an adaptive, personalized
pathway for their self-directed learning [5].

Multiple-choice questions (MCQs) are commonly used as
assessment items in public exams as well as daily learning and
teaching in science education. There are two significant advantages
of using MCQs in assessment tasks. First, we can assess learners’
understanding of concepts fairly and efficiently if the MCQs are well-
designed. Second, we can reveal learners’ alternative conceptions/
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misconceptions provided that the distractors are purposefully
set [6]. It is very common for both students and teachers to use
MCQs that appeared in past public exams during instruction and
studies. However, although the MCQs from the past public exams
are well-developed, they may be unable to facilitate effective
learning and teaching for two significant reasons. First, MCQs in
public exams are set for summative purposes, where the items
are used to distinguish candidates into various levels and grades
rather than facilitating learning and teaching. Second, some MCQs
in the public exam are cross topics to assess candidates’ knowledge
in the mastering of knowledge of the whole curriculum after a few
years of studies. Consequently, teachers are required to apply AL to
adapt the MCQs from the public exam papers in daily learning and
teaching. It would be more meaningful if teachers could exercise
their AL to develop MCQs to meet student learning needs.

An MCQ can be an effective learning tool, especially when
it is able to induce a learner’s conceptual change [7-9] and
metacognition [10-12]. An MCQ is able to achieve this goal when
the following two features are included. First, the distractors
are set based on learners’ possible alternative conceptions/
misconceptions. Second, immediate and constructive feedback is
provided to learners when they are not able to select the correct
answer. Additionally, some educationists [13-15] advocate the use
of two-tier MCQs as diagnostic instruments where learners’ factual
knowledge and conceptual knowledge are to be assessed in the
first and second tier respectively. In short, a high-quality MCQ is
able to facilitate effective learning, teaching and assessment. Yet,
significant effort is required to develop high-quality MCQs because
it involves practical application of AL [16].

However, key stakeholders such as school principals,
experienced teachers and teacher educators constantly criticized
inexperienced and pre-service teachers who performed relatively
weakly in designing assessment tasks and providing feedback.
In this connection, nurturing pre-service teachers’ AL in teacher
education programmes is essential. As a result, we referred to the
conceptual framework of Teacher Assessment Literacy in Practice
(TALiP) [16], which consists of three levels of mastery when
designing and implementing our teacher development project.

Methodology
Participants and Procedures

The participants were 31 student-teachers. Of the 31 of them, 20
(65%) were male and 11 (35%) were female. Twenty-eight (90%)
of them majored in science education, specializing in chemistry in
their five-year full-time undergraduate degree, while the remaining
3 (10%) majored in science education, specializing in chemistry in
their two-year part-time postgraduate diploma of education. The
former were prospective teachers, while the latter were in-service
chemistry teachers with less than 4 years of teaching experience.

The project team comprised a teacher educator (the author), a
former curriculum development officer, a former senior manager of
assessment development, a retired secondary school principal with
chemistry teaching experience, and two in-service teachers with

Citation: Chi Keung Chan*. Developing Pre-service Chemistry Teachers’ Assessment Literacy Using a Mentoring Scheme. Iris ] of Edu & Res.

5(4): 2025. [JER.MS.ID.000612. DOI: 10.33552/1JER.2025.05.000612

more than 20 years of experience in teaching chemistry.

At the beginning of the teacher development project, we
provided each participant with a printed survey questionnaire
(hard copy) to complete. After finishing the project, the participants
took the survey again. The two sets of surveys were identical and
can be regarded as pre- and post-tests on their perceptions of their
AL.

The Teacher Development Project

[ am the lecturer teaching the chemistry pedagogy course at
the undergraduate and postgraduate levels. Students were invited
to join the teacher development project on a volunteer basis. The
project consists of two phases, which can be further divided into
three stages.

In Stage 1 of each phase, the project team organized and
conducted a briefing session and a series of workshops to provide
participants with sufficient knowledge of the conceptual change,
metacognition and application of MCQs for diagnostic assessment.
The total duration of the briefing session and workshops was
9 hours. In this stage, participants joined the project as the
participants.

In Stage 2 of each phase, the project team members grouped and
intensively shadowed participants to develop high-quality MCQs
with written feedback and produce well-planned short teaching
videos. The total duration of this mentoring stage was 6 months. In
this stage, participants engaged in the project as the co-developers.

In Stage 3 of each phase, the project team developed an open
online platform to contain all the developed MCQs and materials.
Chemistry teachers and students teaching and studying the HKDSE
Chemistry (equivalent to grades 10-12) in two secondary schools
used the platform. The participants were guided to revise the
materials according to the feedback gathered from the secondary
schools. Furthermore, a moderation meeting and a debriefing
session were held to facilitate them to make reflections on the
development of their AL. The total duration of the meeting and
debriefing session was 5 hours. In this stage, participants engaged
in the project as reflective practitioners.

We suffered from the constraint of a small class size and thus
divided the project into two identical phases. A total of 31 students
from the undergraduate and postgraduate diploma of education
programmes participated in the project, where 19 participated in
phase 1 and 12 participated in phase 2 (for details of the project,
please see [17]). Through their active and collaborative engagement
in the project, they developed their AL in practice, in particular:

(1) They developed 208 valid MCQs regarding specific
learning objectives;

(2) They developed written feedback for each distractor to
induce the learner’s conceptual change and metacognition;

(3) They developed 20 short teaching videos to explain the
concepts involved in the selected MCQs; and
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(4) We developed an open online platform that included all
the MCQs, feedback, and videos for secondary school teachers
and students.

The Survey Instrument

To study the impacts of the teacher development project on
participants’ AL, we developed a survey instrument composed of
20 items to cover three aspects: (1) design of assessment tasks,
(2) providing students with feedback, and (3) instruction based on
assessment data.

The first principle guiding the design and development
of the MCQs is that the items can facilitate students’ learning.
Furthermore, the MCQs should validly align with the assessment
objectives. The second principle is that the MCQs should provide
students with written feedback to induce conceptual change and
metacognition. Finally, the third principle is that teachers refer
to students’ performance in the MCQs to design or adjust their
teaching.

We, based on the three principles and referred to the PAL scale
[18], developed a 20-item survey instrument for our project. The
items are presented in Table 1. Meanwhile, the items were randomly
distributed in the survey questionnaire. We asked the participants

Table 1: Survey instrument items.

to rate their degree of agreeability on each item on a five-point scale
from 1 (very disagree) to 5 (very agree).

Item analysis was conducted on the 20 items. The Cronbach’s
alphas of the items in the pre-test and post-test were 0.87 and
0.82, respectively. The values were greater than 0.7, suggesting that
internal consistency was obtained among the items [19].

Data Analysis

We investigated whether the participants significantly
improved in AL after the teacher development project. A paired-
samples t-test was conducted to analyse the effectiveness of
the teacher development project. Levene’s tests of equality of
error variances were conducted to check whether the statistical
assumption of homogeneous variance was violated. The above
analysis was conducted using SPSS 29.0. In case there was a
violation of statistical assumption, we conducted the Wilcoxon test,
which is a non-parametric test to analyse the main and interaction
effects for the data with the violation of statistical assumptions
[20]. The effect size of a t-test was indicated using Cohen’s d, with a
range of 0-0.20 indicating a weak effect, 0.21-0.50 a modest effect,
0.51-1.00 a moderate effect and equal to and greater than 1.01 a
strong effect [19].

Item id Question no in the Item text
survey
D 1 1 I am able to design assessment tasks as diagnostic instrument of student learning
D 2 4 [ am able to design assessment tasks that provide students with feedback to make decisions about their learning
D3 5 I am confident to develop assessment tasks that are clearly aligned to the curriculum
D_4 8 I am able to design assessment tasks that allow students to monitor their own learning
D 5 9 I am able to develop assessment tasks to assess students’ understanding of knowledge
D 6 12 I am able to develop assessment tasks that provide students with opportunities to reflect on their learning
D_7 13 [ am able to design assessment tasks to identify student’s alternative conceptions/misconceptions
D8 16 I am able to design assessment tasks that promote an academic growth mindset (i.e., the belief that their academic
- abilities are not fixed and can improve with effort)
D9 7 I am confident to develop assessment tasks that are clearly aligned with state objectives
D_10 20 I am confident to design assessment tasks to promote student learning
F 1 2 I am able to provide students with concrete written feedback to facilitate their learning
F 2 6 I am able to write specific feedback based on students’ performance in assessment tasks
F 3 10 I am confident to provide students with feedback to facilitate their conceptual change
F 4 14 I am confident to provide students with feedback to facilitate their metacognition
F5 18 I am able to write feedback to facilitate students’ learning
11 3 I am able to modify instruction for students based on student assessment data
1.2 7 I am able to adjust instruction for particular groups of students based on student assessment data
1.3 11 [ am able to provide individual students with personalized instruction based on student assessment data
14 15 I am able to refer to student assessment data to design/plan my lessons
1.5 19 I am confident to develop teaching videos to explain the concepts that are related to the assessment tasks
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Results
Overall Analysis

We conducted a paired-samples t-test to evaluate the effectiveness
of the teacher development project on participants’ AL. In general,
the results indicated that the mean of post-test (M = 79.06, SD =
6.23) was significantly greater than the mean of pre-test (M = 68.83,
SD =8.79),t(17) = 3.74, p<.01. The standardized effect size index, d,
was .88, with very little overlap in the distributions for the 5-point
Likert ratings in the survey instrument, as shown in Figure 1. The
95% confidence interval for the mean difference between the two
ratings was 4.46 to 15.99.

The results supported that the participants self-perceived their
AL, which had been significantly developed after completing the
teacher development project.

Aspects Analysis

The 20 items in the survey instrument covered three aspects: (1)
design of assessment tasks, (2) providing students with feedback,
and (3) instruction based on assessment data. We conducted a
paired-samples t-test to analyse which aspects contributed to the
large effect of the teacher development project, as reported in
Section 3.1.
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Figure 1: Boxplots of pre-test (T1) and post-test (T2) ratings.
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Table 2: Results of the parted-samples t test of the pre-test (T1) and post-test (T2) by the three aspects and overall ratings.
95% Confidence interval of the I
. Significance
Pair Mean SD difference t df d
Lower Upper One-sided p Two-sided p
T2_Design - T1_Design 6.28 6.22 3.18 9.37 4.28 17 <.001 <.001 1.01
T2_Feedback - T1_Feedback 1.67 3.53 -0.09 3.42 2 17 0.031 0.061 0.47
TZ-I“S“““‘E’;I: TLInstruc- | 508 | 369 0.44 411 262 | 17 0.009 0.018 0.62
T2_Overall - T1_Overall 10.22 11.59 4.46 15.99 3.74 17 <.001 0.002 0.88
Results of the parted-samples t-test of the pre-test and post-test  Conclusion

by the three aspects and overall ratings were presented in Table 2.

The results indicated that the teacher development project
produced a strong effect on the development of participants’ AL in
terms of the design of assessment tasks, a moderate effect in terms
of instruction based on assessment data, and nearly a moderate
effect in terms of providing students with feedback.

Possible Reasons for the Results

The results are encouraging and rewarding to the project
participants and team members. The three-staged project generally
provided participants with holistic and comprehensive learning
experiences for active engagement.
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Second, participants were intensively shadowed by the team
members in developing high-quality MCQs and feedback in stage
2 of the project. Participants’ active engagement in the learning
process may be the reason to explain why they rated the design
aspect significantly higher in T2 than in T1.

Meanwhile, modifying instruction and providing students
with feedback based on assessment data may require an authentic
teaching context. On the other hand, developing MCQs and related
materials may not fully develop these two aspects. Consequently,
participants rated their AL in these two aspects with a medium
effect.

Implications of the Project

We analysed the effectiveness of a teacher development
project on developing pre-service science teachers’ AL. We found
that the participating teachers’ AL were developed with moderate
to strong effects. The findings suggest that in designing similar
teacher development programmes of AL, it is essential to nurture
their competencies to design valid assessment tasks to facilitate
students’ learning and align with the objectives. Furthermore,
developing teachers’ AL requires developing their competencies
to provide constructive feedback for student’s conceptual change
and metacognition. Additionally, it is essential to develop teachers’
AL regarding using assessment data to enhance teaching. Findings
from our project further support the idea that assessment is
indivisible from student learning and teacher instruction.

Limitations of this Study

This study has three significant limitations. First, all the
participants were recruited and joined this teacher development
project on a volunteer basis. It is very likely that all the participants
were highly motivated and had confidence in designing MCQs
and writing feedback for chemistry learning and teaching.
Consequently, they self-perceived their AL quite well, which created
a generalizability problem.

Second, there were 31 participants joined the project. We
were able to collect 30 questionnaires from the participants in
the pre-test because one participant was absent from the briefing
session. However, we only received 18 questionnaires from the
participants in the post-test because 13 participants did not return
the questionnaires after they had graduated from their studies.
Although we have used statistical tools to ensure the assumption of
homogeneous variance was not violated, the small sample size may
create a generalizability problem.

Finally, we did not employ an experimental design using a
control group. We noted this limitation at the beginning. However,
the small class size of the chemistry pedagogy course involved
limited the recruitment of participants. Indeed, almost all the
students in the course had joined the project. Then, it might not
be appropriate to assign half of the participants. The reason is that
there would be a reduction in sample size if the current group of
participants (N=31) were split into an experimental and a control
group. A possible modification in future studies is to recruit some
teachers as the control to explore whether there are confounding
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variables (e.g., accumulation of teaching experiences) on the
development of AL independent of the teachers’ intervention [21-
28].
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