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Abstract

This study investigates the effectiveness of alternative assessment tools used in teaching
functions in high school mathematics. The research was conducted with 54 tenth-grade
students at GjonBuzuku Science High School in Kosovo during the 2024—2025 academic
year, employing a quasi-experimental design. Within an active learning framework,
worksheets, concept maps, structured grids, and poster presentations were implemented in
the experimental group. Student performance was evaluated using analytical rubrics based
on conceptual accuracy, representation, reasoning, and integrity. The data were analyzed
using descriptive statistics, one-way ANOVA, and eta-squared (n?) effect sizes. Although no
statistically significant differences were found in overall achievement scores, further analyses
revealed educationally meaningful distinctions among the tools. Specifically, worksheets

and structured grids were more effective in assessing procedural and conceptual accuracy,
whereas concept maps better captured students’ relational understanding. In contrast, poster
presentations showed relatively lower performance across most criteria. These findings
suggest that using multiple assessment tools in a complementary manner provides a more
valid and comprehensive evaluation of mathematical learning.
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In recent years, paradigm shifts in Along with this paradigm shift, substantial
mathematics education have increasingly transformations have occurred in assessment
emphasized student-centered learning and evaluation practices. In this context,
approaches that promote deep conceptual the widespread adoption of constructivist

understanding rather than rote memorization.  learning theory within educational systems
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has brought alternative assessment
approaches to the forefront. Alternative
assessment encompasses methods through
which students actively participate in the
learning process and are evaluated on their
abilities to construct knowledge, establish
relationships, interpret concepts, and
express understanding through multiple
representations. Performance tasks,
portfolios, concept maps, structured grids,
poster presentations, and worksheets are
among the most commonly employed tools
within this framework.

Traditional assessment methods,
primarily based on written examinations,
have been criticized for their limited
capacity to capture students’ conceptual
understanding, problem-solving abilities, and
higher-order thinking skills. Consequently,
contemporary mathematics education
has increasingly emphasized alternative
assessment and evaluation approaches.

Alternative assessment tools such as
concept maps, structured grids, worksheets,
portfolios, and poster presentations aim to
evaluate not only students’ final answers
but also their learning processes, reasoning
strategies, and conceptual connections.
Research indicates that these tools
strengthen formative assessment practices,
provide richer feedback, and support
active learning environments (Black &
Wiliam, 2009; Shepard, 2019). Despite
their growing use, however, empirical
studies that systematically compare
the relative effectiveness of different
alternative assessment tools within the same
instructional context remain limited.

Traditional assessment practices
predominantly evaluate students’
mathematical knowledge and skills through
standardized tests and outcome-oriented
examinations. Such approaches often fail to
adequately reflect the conceptual, relational,
and higher-order cognitive dimensions of
mathematical learning. Given the abstract
nature of mathematics and its reliance on
multiple representations, assessing learning
solely through right-wrong or short-answer
tests is widely regarded as a limiting
factor in capturing the quality of students’
understanding.

Within secondary mathematics
curricula, the topic of functions is among
the areas students find most challenging.
Students frequently experience difficulties

in understanding functional relationships,
graphical representations, and abstract
symbolism. These characteristics make the
topic of functions particularly suitable for
examining the effectiveness of alternative
assessment tools that emphasize conceptual
understanding and multiple representations.

Much of the existing literature
has focused on students’ attitudes toward
alternative assessment methods, their
perceptions, or general levels of use,
while comparatively less attention has
been given to systematically comparing
the effectiveness of these methods in
measuring learning outcomes. Furthermore,
empirical research conducted in countries
undergoing curriculum reform or educational
restructuring remains limited. In this regard,
the Kosovar education system—where recent
reforms have promoted active learning and
formative assessment practices—provides a
valuable context for empirical investigation.

In mathematics education, the topic
of functions plays a fundamental role in
the development of algebraic thinking and
is widely regarded as a critical threshold
for understanding advanced mathematical
concepts. The concept of function involves
multidimensional cognitive processes,
including relationships, variation,
representation, graphical reasoning,
and abstraction. Therefore, assessment
approaches based solely on procedural
skills are insufficient to capture students’
conceptual and relational understanding of
functions.

One of the central challenges in
teaching functions is students’ tendency
to perceive functions merely as algebraic
expressions, struggling to connect them with
graphical or conceptual representations.
This issue is not confined to secondary
education but persists at the university level
as well. Ledezma et al. (2023) report that in
the teaching of quadratic functions, the role
of coefficient b is frequently marginalized,
and teachers often fail to adequately
emphasize its graphical effects. In their
qualitative study with Chilean university
instructors, the authors demonstrated
that explaining the graphical behavior of
coefficient b requires strong mathematical
and epistemic knowledge. They further
emphasized that interpreting the effect of
coefficient b on graphs contributes to a
more holistic understanding of the function
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concept.Borgen and Manu (2002) also
emphasized a similar finding, determining
that the improper conveyance of coefficient
b leads to the formation of misconceptions
among students.These findings highlight
the importance of assessing conceptual
accuracy and representational understanding
in function learning and provide a theoretical
justification for the rubric dimensions used
in the present study (conceptual accuracy,
representation, and reasoning). The higher
scores obtained from structured grids and
worksheets in the conceptual accuracy
dimension suggest that assessment tools
explicitly addressing algebraic—graphical
relationships may yield more reliable
evidence of students’ understanding.

Research on graphical representations
of functions has also demonstrated that
learning processes involve not only cognitive
but also affective and social dimensions.
Wilkie and Ayalon (2022) examined
students’ emotional experiences during
argumentation-based activities focused
on graphing real-life functions. Their
qualitative study with ninth-grade students
revealed that emotions such as tension and
frustration experienced during critique and
negotiation processes contributed to the
identification of misconceptions and the
deepening of conceptual understanding.
These findings suggest that alternative
assessment tools should make visible not
only cognitive outcomes but also students’
reasoning processes and interactions during
learning. In the present study, tools such
as poster presentations and concept maps
offer opportunities to examine how students
articulate and justify their mathematical
thinking. However, the relatively lower rubric
scores associated with poster presentations
indicate that such tools may fail to capture
conceptual depth when not sufficiently
structured. This observation aligns with
previous research emphasizing that fostering
effective mathematical reasoning and
collective argumentation requires deliberately
structured task frameworks, instructional
scaffolding, and tailored representational
formats (Krummbheuer, 2007; Lin et al., 2012;
Stylianides, 2007).

A key component of conceptual
learning in function instruction is the
ability to establish connections among
mathematical concepts. Campo-Meneses
et al. (2023) investigated the mathematical

connections activated by high school
students while solving tasks involving
exponential and logarithmic functions.
Using the Onto-Semiotic Approach and

the Expanded Mathematical Connections
Model, the authors found that establishing
reversibility connections was essential

for achieving conceptual understanding.
These findings underscore the importance
of assessing relational understanding in
function learning. In the present study, the
higher performance of concept maps in the
representation dimension suggests that tools
enabling students to visualize and structure
relationships among concepts are particularly
effective in revealing mathematical
connections. Accordingly, concept maps
demonstrate significant potential not only as
assessment instruments but also as learning-
support tools in function instruction.

Recent research has also highlighted
the role of digital technologies in
mathematics education, particularly in
topics such as functions that rely heavily on
visualization. Chechan et al. (2024) examined
the impact of using Desmos on high school
students’ understanding of functions. Their
mixed-methods study conducted in Sweden
revealed that students in the experimental
group demonstrated significantly greater
improvements in conceptual understanding,
analytical skills, and answer verification
compared to the control group. These
findings emphasize the importance of
representation and visualization in function
learning. Many of the alternative assessment
tools employed in the present study—such
as concept maps, structured grids, and
posters—allow students to express functions
through multiple representations. However,
the results reported by Dyrvold and Bergvall
(2023),Fadhila (2024) and Timmis et al.,
(2016) suggest that integrating digital
tools into assessment practices may further
enhance the validity and sensitivity of
evaluation processes.

International literature indicates that
a substantial portion of students’ learning
difficulties related to functions stems
from limitations in assessment practices
used during instruction. Students often
conceptualize functions as formulas rather
than as relationships among variables and
struggle to connect algebraic, graphical,
verbal, and tabular representations. This
challenge underscores the pedagogical



ASSESSING MULTIDIMENSIONAL MATHEMATICAL LEARNING: A COMPARATIVE STUDY OF ALTERNATIVE ASSESSMENT... 546

necessity of incorporating alternative

assessment tools into function instruction.

Despite growing recognition of the
value of alternative assessment, studies
comparing different alternative assessment
tools with one another remain scarce. Most
existing research contrasts alternative
assessments with traditional tests. At the
same time, comparatively little attention
has been paid to analyzing the respective
strengths and limitations of alternative tools
in measuring distinct cognitive dimensions.
Given that mathematical learning is
inherently multidimensional, understanding
how different assessment tools capture
various aspects of learning has become
increasingly important.

Rather than focusing solely on
statistical significance, the present study
aims to highlight educational significance
through rubric-based analyses and effect size
measures. The purpose of this study is to
comparatively examine the effectiveness of
different alternative assessment tools used in
teaching the topic of functions in secondary-
level mathematics education. Accordingly,
the study seeks to answer the following
research questions:

1. Do alternative assessment tools produce
statistically significant differences in
students’ achievement scores in the topic
of functions?

2. Which alternative assessment tools
provide more reliable and meaningful
evidence of students’ conceptual
understanding?

3. How do rubric-based evaluations reflect
differences among assessment tools?

By addressing these questions,
the study aims to contribute to the field of
mathematics education assessment and to
provide guidance for teachers and curriculum
developers in selecting appropriate
assessment tools for teaching functions.

Literature Review

In the past two decades,
transformations in assessment and evaluation
have emphasized the need to evaluate
learning as a process rather than merely
as an outcome. Black and Wiliam (2009)
highlight that formative and alternative
assessment approaches meaningfully support
student learning. Alternative assessment tools
make students’ higher-order thinking skills,
problem-solving strategies, and mathematical

reasoning visible.

Analytic rubrics have become
increasingly common in mathematics
education due to their capacity to assess
student performance multidimensionally.
Brookhart (2013) notes that rubrics are
particularly effective in evaluating conceptual
accuracy, transitions between representations,
and mathematical justification. Recent
studies indicate that rubric-based assessments
enhance feedback quality for both teachers
and students (Panadero & Jonsson, 2020).

Kutluca and Baki (2013) investigated
the opinions of 37 tenth-grade students-22
from a science high school and 15 from
a private school-regarding worksheets
developed for quadratic functions. The
study employed the special case method and
data were collected through a worksheet
evaluation survey and semi-structured
interviews. A total of 24 worksheets were
developed, designed to allow students to
access information independently and reach
generalizations. Findings indicated that
worksheets contributed to cognitive and
affective learning, mathematical thinking
skills, and interaction.

Altun and Memnun (2007) examined
the impact of active learning techniques,
including experimental activities and
educational games, on student achievement
in the Permutation and Probability unit.
Results showed that instruction emphasizing
active learning significantly improved
student performance. Similarly, Kayhan and
Akbulut (2023) study examines the impact
of integrating educational games into the
existing curriculum on sixth-grade students’
achievement in algebraic expressions
and their attitudes toward mathematics.
Employing an exploratory sequential mixed-
methods design, the research was conducted
with 31 students from two rural middle
schools in Nigde. While the experimental
group participated in game-based activities,
the control group followed the standard
curriculum. The findings indicate that
educational games significantly enhanced
students’ attitudes toward mathematics.
Additionally, qualitative results suggest that
this approach increased interest, motivation,
and classroom participation, while improving
conceptual understanding and making the
learning process more engaging.

Tashtoushet al. (2025) investigated
the effect of rubrics on evaluating student
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performance in calculus courses. The study
included 187 students, divided into three
groups: an experimental group assessed with
analytic rubrics, another experimental group
assessed with holistic rubrics, and a control
group assessed using traditional methods.
Results indicated that analytic rubrics, which
provide detailed assessment of procedural
steps and conceptual understanding, were
more effective than holistic rubrics. Students
also reported positive perceptions of
performance evaluation through rubrics.

Hummad, et al., (2021) applied
concept maps and assessment tests to 130
first-year students enrolled in a preparatory
mathematics course at Kuwait University.
Their findings suggest that systematic use of
concept maps, combined with discussions
that encourage students to reflect on and
verbally express the connections they
construct, is particularly effective for
assessing, monitoring, and developing
conceptual understanding. Improved
conceptual understanding was associated
with increased mathematical achievement.

Ekin et al.(2016) compared the
assessment of concept maps and structured
grids with multiple-choice tests among 23
sixth-grade students. Students completed
two concept map activities and one
structured grid activity, alongside a multiple-
choice achievement test (Ceylan, 2008).
Results indicated a significant positive
correlation between concept map scores and
achievement test scores, whereas structured
grid scores did not show a significant
correlation with test performance.

Recent studies on the concept
of functions indicate that students often
perceive functions at a procedural level and
struggle to develop relational understanding
(Tall, et al., 2020). Concept maps and visual-
based assessment tools have been noted as
more sensitive in revealing this relational
understanding (Novak&Canas,, 2010).
Comparative studies, although limited,
suggest that worksheets are more effective
for measuring procedural knowledge,
concept maps for assessing conceptual
connections, while poster presentations
generally reflect surface learning and may
have lower assessment reliability (Ruiz-
Primo et al., 2024).

While research exists on the impact
of active learning and alternative assessment
approaches in mathematics education,

quantitative studies that systematically
compare the relative effectiveness of different
alternative assessment tools within the

same instructional context remain limited.
Most existing studies focus on a single
assessment tool or students’ attitudes and
perceptions, rather than offering comparative
analyses that capture the multidimensional
nature of learning outcomes. Moreover,
empirical studies examining the comparative
effectiveness of alternative assessment tools
in conceptually demanding topics, such as
functions at the secondary level, are scarce.
This study aims to fill this gap by comparing
different alternative assessment tools through
rubric-based evaluations in mathematics
education.

Method

This study employed a quantitative,
pretest—posttest control group quasi-
experimental design. The quasi-experimental
design was chosen because random
assignment of groups within the school
setting was not feasible. This design
allows for the comparative investigation
of the effects of different instructional and
assessment approaches on student academic
performance. The independent variable
was the teaching of the functions unit using
an active learning approach supported by
alternative assessment tools, while the
dependent variable was students’ learning
outcomes in the functions unit. The control
group received traditional instruction and
assessment based on textbooks and teacher
explanations, whereas the experimental
group’s performance was evaluated using
standardized rubrics. The effectiveness of
each assessment tool was compared based on
student achievement scores.

Participants

The study sample consisted of N=54
tenth-grade students at Gjon Buzuku Science
High School in Kosovo during the 2024—
2025 academic year. Students were assigned
to experimental (n = 32) and control (n = 22)
groups using a neutral assignment method
considering existing classroom structures.
Before the intervention, both groups received
an orientation on active learning and
alternative assessment methods to minimize
unfamiliarity during implementation. Pretest
results indicated no statistically significant
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difference between groups, confirming
comparable baseline levels.

Instructional Procedure

The teaching intervention was
conducted over six weeks, with four class
hours per week, covering the functions
unit. Instruction in the experimental group
followed a constructivist, active learning
approach, incorporating collaborative
learning, problem-based activities, and
student-centered tasks. Students worked in
small groups of 5—-6 and were encouraged to
discuss, express, and construct mathematical
ideas. The teacher acted as a facilitator and
guide. In the control group, instruction relied
on teacher explanation, textbook exercises,
and traditional assessments.

Assessment Tool

Alternative assessment tools were
selected to capture multiple cognitive and
representational dimensions of learning
functions, including:

*  Worksheets: Evaluated procedural
skills, declarative knowledge, and basic
conceptual accuracy.

» Concept maps: Supported visualization
of mental structures, hierarchical
relationships, and relational
understanding.

» Structured grids: Assessed classification,
matching, and organization of conceptual

relationships beyond right-wrong answers.
» Poster presentations: Evaluated synthesis,

representation, communication, and

defense of mathematical thinking.

Rubric-based evaluations included

four criteria: conceptual accuracy,
representation, reasoning, and completeness,
rated on a five-point scale. Rubrics were
validated by experts, and reliability was
confirmed (Cronbach’s alpha = .81; inter-
rater reliability k > .80).

Data Collection and Analysis

Pretest and posttest data were
collected to determine baseline knowledge
and the effect of instruction. Descriptive
statistics were computed, and one-way
ANOVA was used to test for significant
differences in achievement scores across
assessment tools. Eta-squared (n?) values
were calculated to assess effect sizes,
interpreted according to Cohen (1988).
Significance was set at p<.05.

Findings and Results

The results are presented according
to the three research questions, including
descriptive statistics, ANOVA analyses, and
rubric-based comparisons of alternative
assessment tools in the functions unit.

Table 1.
Alternative Assessment Tools Used in the Study

N Minimum Maximum Mean SD Skewness  Kurtosis
Observation 31 2.00 5.00 4.03 71 -.652 1.213
Worksheet 31 3.00 5.00 426 .63 -252 -515
Demostration 31 1.00 5.00 4.03 .94 -071 1.822
Written report 31 3.00 5.00 4.03 .70 -,045 -877
Self assessment 31 1.00 5.00 412 1.08 -1.269 1.102
Concept map 31 2.00 5.00 4.25 .89 -1.153 776
Project 31 2.00 5.00 425 .81 -1.313 2.070
Word association 31 1.00 5.00 3.80 .83 -1.088 3.054
Peer assessment 31 2.00 5.00 4.03 91 -.630 -352
Performance task 31 1.00 5.00 3.80 98 -.946 1.086
Presentation assessment 31 1.00 5.00 3.96 1.11 -871 120
Group assessment 31 2.00 5.00 4.03 91 -.630 -.352
Puzzle 31 1.00 5.00 3.83 1.29 -1.063 .188
Mind Map 31 1.00 5.00 4.16 1.00 -1.191 1.500
Interview 31 1.00 5.00 3.48 1.15 -.659 203
Misconception Identification Test 31 1.00 5.00 3.70 1.07 -.589 -107
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Table 1 (continued).

Alternative Assessment Tools Used in the Study

N Minimum Maximum Mean SD Skewness  Kurtosis

Check list 31 1.00 5.00 3.67 .94 -.805 988

Research paper 31 1.00 5.00 3.80 1.04 -707 243

Meaning analysis table 31 200 5.00 3.83 .86 -.007 -.986
Structural Grid 31 1.00 5.00 4.48 .85 -2.545 8.619
Portfolyo 31 2.00 5.00 4.61 71 2177 5.203
Rubrik 31 2.00 5.00 4.12 .92 -.816 -.125
%::t”‘“‘g Disability Identification 5, 1.00 5.00 3.96 91 1341 2857
Attitude Scale 31 1.00 5.00 4.03 91 -1.193 2.561
Overall Average 31 2.17 5.00 4.01 .58 -.902 2.141

Then the descriptive statistics regarding
alternative measurement and evaluation tools
are examined in Table 1, it is seen that the
participants generally have positive opinions
about these tools. It was determined that

the average scores for all tools ranged from
3.48 to 4.61, and the overall opinion average
was 4.01 (SD=.58). This finding shows that
prospective teachers/students generally find
alternative measurement tools useful and
functional.

The highest average score was
obtained for the student development file
portfolio (X =4.61, SD=.71). This was
followed by structured grids (X = 4.48,

SD = .85), worksheets (X =4.26, SD=.63),
and concept maps (X =4.25, SD = .89). This
result shows that tools that are process-based
and allow for multidimensional monitoring
of learning are adopted at a higher level.
Relatively lower averages were obtained

for the interview (X = 3.48), checklist (X =
3.67), and misconception identification test
(X' =3.70). The fact that these tools require
more time, expertise, or structure may have
increased the perceived difficulty of using
them.

When skewness and kurtosis values
were examined, negative skewness was
observed in most measurement tools. This

indicates that participants’ scores clustered at
the upper values (range 4-5) and that positive
opinions were dominant. In particular, high
kurtosis values in tools such as structured
grids (skewness = -2.545; kurtosis =

8.619) and portfolios (skewness = -2.177;
kurtosis = 5.203) indicate a high level of
consensus among participants regarding
these tools. As seen in Table 1, the three
items with the highest averages were item

2, “Worksheet” (x=4.26, sd=.63), item 20,
“Structured Grid” (x=4.48, sd=.85), and item
21, “Student Development File (portfolio)”
(x=4.61, sd=.71). These items are among the
techniques used in the application process.
In addition to these, we can say that the

use of posters, concept maps, mind maps,
and descriptive branching tree techniques

in teaching the lesson greatly contributed

to the students’ interest in and success in
mathematics.

Comparison of Achievement Scores
According to Measurement Tools

One-way analysis of variance
(ANOVA) was applied to determine whether
there were statistically significant differences
between student achievement scores obtained
using different alternative measurement tools.
The ANOVA results are presented in Table 2.
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Table 2.

One-Way ANOVA Results for Achievement Scores by Assessment Tool

Source Sum of Squares df Mean Square F p
Bet

etween groups 51 3 1.81 1.34 264
Within groups 159.72 120 1.33
Total 165.14 123

To answer this research question,
student achievement scores obtained using
different alternative measurement tools
were compared using one-way analysis
of variance (anova) (table 2). The results
of the one-way analysis of variance show
that there is no statistically significant
difference between the student achievement
scores obtained using different alternative
measurement tools. The analysis results
show that there is no statistically significant
difference between achievement scores
according to the type of measurement tool
(f(3,120) = 1.34, P = .264). This finding

reveals that the alternative measurement tools

used (worksheets, structured grids, concept
maps, and poster presentations) produce
statistically similar results in distinguishing
the total achievement scores of students

on the topic of functions. In other words,
the type of measurement tool alone did not
lead to a significant difference in the overall

achievement levels of the students. However,

this result does not mean that the alternative
measurement tools are functionally
equivalent. Indeed, the literature emphasizes
that comparing multidimensional learning
outcomes solely through total achievement
scores, especially with limited sample sizes,

Table 3.

can mask significant differences (borsboom,
2005; crocker & algina, 2006). Therefore, in
this study, rubric-based performance analyses
and effect size values were examined, going
beyond statistical significance.

Alternative Assessment Tools: Rubric-
Based Performance Analysis of Students’
Conceptual Understanding

To answer this research question,
students’ performances were assessed
using analytical rubrics across four
core dimensions: conceptual accuracy,
representation, reasoning, and integrity. The
average rubric scores calculated according to
the assessment tools show that the sensitivity
levels of alternative assessment tools to
different cognitive dimensions differ from
each other.

Students’ performances were
analyzed in detail based on rubric criteria
such as conceptual understanding,
representation, reasoning, and integrity.

For each criterion, average rubric scores
for all assessment tools were calculated.
The average rubric scores according to the
assessment tools and evaluation criteria are
presented in Table 3.

Mean Rubric Scores by Assessment Tool and Assessment Criterion

Assessment Tool Conceptual Accuracy Representation Reasoning Completeness
Workcheets 4.42 4.18 4.36 4.28
Structured Grids 4.51 4.12 4.40 433
Concept Maps 421 447 4.09 4.05
Poster presentations 3.98 4.02 391 3.88
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Table 3 presents a comparative
overview of the total evaluation results of the
alternative tools, including logical accuracy,
representation, reasoning, and integrity.

The results show that the tools
exhibited different dimensions and
discriminatory performance. Structured
grids achieved the highest average scores,
particularly in theoretical accuracy (X =4.51)
and reasoning (X = 4.40). This aligns with
the grids’ ability to systematically question
inter-conceptual relationships.

The study demonstrates that concept
maps are an effective tool in evaluating
procedural and part-time problems,
exhibiting high performance in logical
accuracy and reasoning. Concept maps
achieved the highest average, especially
in the representation (X = 4.47) sections.
This finding shows that concept maps are
strong in establishing relationships between
multiple representations and visualizing
visual networks. Poster presentations,
on the other hand, had relatively lower
averages in the overall presentation. It
lags behind other tools, particularly in the
dimensions of lack of reasoning (X = 3.91)
and integrity (X = 3.88). Consequently, it
suggests that poster presentations prioritize
form and visualization features rather than
comprehensive depth.

To answer this research question,
analytical evaluations of their performance
were assessed through four key dimensions:
logical accuracy, representation, reasoning,
and integrity. The average rubric scores
calculated according to the measurement
tools show that alternative measurement
tools diverge at different points according to
different methods.

According to the findings, the
study development and improvement grids
produced high scores, especially in the
dimensions of comprehensive accuracy
(X =4.42; 4.51) and reasoning (X = 4.36;

4.40). This indicates that these processes
continue to be more reliable in assessing
procedural competence and descriptive
accuracy. In contrast, concept maps,
representation methods (X = 4.47) exhibited
a higher average compared to other
tools; this tool produced more sensitive
results in revealing the relationships and
holistic understandings of the functions of
concepts. This finding is an improvement
on the effectiveness of concept maps in
revealing specific inter-conceptual and
sustainable structures, building upon
previous studies. Poster presentations,
however, did not produce relatively lower
scores in all evaluation lists. In particular,
the results obtained in the dimensions of
inclusive accuracy and integrity show
that the processes in which posters are
disseminated reflect the thinking processes
within the boundaries of what is considered.
These results reveal that alternative tools
offer different types of insights into the
understanding of countries and that the use
of these tools in conjunction with each other,
rather than individually, is more meaningful
from a pedagogical perspective. Rubric
personal assessments, Effect Size Analysis of
Differences Among Alternative Assessment
Tools

Rubric aggregate assessment
results clearly reveal different meaningful
information used among the tools, beyond
the differences in achievement scores that are
significant in distribution. These differences
have been further refined, especially through
effect size analyses. The calculated eta-
squared value (n? = 0.11) shows that the
tools used have a moderate effect on student
achievement scores. This finding suggests
that persistence may not have emerged due to
the limitations of its dimensions; however, it
indicates that there are differences in values
that are not considered from a pedagogical
perspective among the tools.
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Table 4.

Effect Size Values for Differences Among Alternative Assessment Tools

Comparison / Source Effect Size (n%) Magnitude
Overall Assessment Tool Effect 0.11 Moderate
Worksheets vs. Structured Grids 0.04 Small
Worksheets vs. Concept Maps 0.05 Small-Moderate
Worksheets vs. Poster Presentations 0.10 Moderate
Structured Grids vs. Concept Maps 0.06 Moderate
Structured Grids vs. Poster presentations 0.13 Moderate—Large
Concept Maps vs. Poster Presentations 0.09 Moderate

Table 4 presents the effect size
(n?) values for the differences among the
assessment tools. Although the anova results
did not indicate statistically significant
differences, the effect size values suggest
educationally meaningful differences
between the tools. The overall effect
size (n*=.11) Points to a moderate effect,
indicating that the assessment tools vary
notably in the ways they reveal student
learning.

Pairwise comparisons show that
the effect size between structured grids
and poster presentations is moderate-to-
large (n? = 0.13). This finding suggests that
structured and analytic tools provide stronger
evidence of mathematical learning compared
to more open-ended, presentation-based
tools. Similarly, the differences between
worksheets and poster presentations (1?2
= 0.10) and between concept maps and
poster presentations (n? = 0.09) support the
conclusion that poster presentations have
relatively limited measurement power. The
effect size between concept maps and poster
presentations also indicates a moderate effect
(m?=0.09). Overall, the effect size analyses
indicate that the choice of alternative
assessment tool exerts a moderate-to-large
influence on student achievement scores.
These findings imply that the differences
among assessment tools, while not
statistically significant, are educationally
meaningful. They further highlight the
critical role of rubric-based evaluations
in revealing the relative strengths and
limitations of alternative assessment tools in
measuring different dimensions of learning.

When considered together, the
tables suggest that while alternative
assessment tools produce comparable
overall achievement scores, rubric-based and
effect size analyses reveal that these tools

play distinct roles in measuring different
dimensions of learning. These findings
strongly support the complementary use
of alternative assessment tools rather than
relying on any single tool.

Discussion

The findings indicate that there
were no statistically significant differences
in student achievement scores across
the various alternative assessment tools.
However, descriptive statistics and effect size
values reveal practically and educationally
meaningful differences among the tools.
These results align with existing discussions
in the literature regarding the use of
alternative assessment tools in mathematics
education. First, the lack of statistically
significant differences in achievement
scores corresponds with findings reported in
previous studies (Ruiz-Primo et al., 2024;
Panadero et al., 2019). This underscores the
limitations of evaluating multidimensional
mathematical learning solely through a total
score.

On the other hand, rubric-based
analyses and effect size results clearly
demonstrate that alternative assessment tools
differ in their effectiveness for measuring
various cognitive outcomes. In particular,
worksheets and structured grids were more
effective in assessing procedural skills and
conceptual accuracy, which can be attributed
to their structured and guided nature. This
finding is consistent with previous research
emphasizing that structured assessment tools
effectively measure procedural accuracy
and declarative knowledge in mathematics
(Kayan& Aydin, 2023).

Concept maps produced more
sensitive results in terms of representation
and relational understanding, directly
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aligning with the conceptual learning
framework proposed by Novak and Canas
(2007), The study confirms that concept
maps are valuable for revealing students’
mental models, particularly in teaching
abstract, multi-representational topics such as
functions.

The relatively lower performance
associated with poster presentations aligns
with discussions in the literature regarding
the reliability of poster-based assessments.
Rai et al. (2026) note that while poster
presentations support students’ presentation
skills, they are limited in assessing deep
mathematical understanding. Similarly,
this study found that poster presentations
were less effective in evaluating conceptual
accuracy and completeness.

Effect size analyses further
emphasize the importance of considering
educational significance beyond statistical
significance. Cohen (1988) and subsequent
methodological research highlight that even
small-to-moderate effect sizes can have
meaningful implications for instructional
practice. Accordingly, the findings
underscore the need to employ alternative
assessment tools in a complementary and
balanced manner in mathematics education.

The absence of statistically
significant differences may be explained
by the limited sample size and the relative
novelty of alternative assessment tools for
students. Literature suggests that students
require sufficient exposure to alternative
assessment tools for their effects to become
more pronounced (Altun& Memnun, 2007;
Ozsoy et al., 2004; Pellegrini et al., 2021;
Suurtamm et al., 2016; Veldhuis & van den
Heuvel-Panhuizen, 2020). Consistent with
these studies, the findings indicate that active
learning-based activities in mathematics are
more effective than traditional methods in
fostering positive student attitudes toward the
course.

The findings also show that
worksheets and structured grids produced
higher average scores compared to other
tools. This can be explained by their highly
structured nature, which makes students’
thinking processes visible, provides
systematic feedback opportunities, and
integrates conceptual understanding with
procedural skills. This aligns with the results
reported by Ekin et al. (2016), where more
structured tools reflected students’ academic

achievement more effectively. Although
empirical studies in mathematics education
are limited, these results are consistent with
domain-general theoretical approaches that
advocate assessment as a learning-supportive
process. Shepard (2019) emphasizes

that classroom assessments should guide
and deepen learning rather than serve as
standalone measurements. Similarly, Black
and Wiliam (2009) argue that formative
assessment reveals students’ current learning
levels, enabling instructional adjustments
and having a decisive impact on learning
outcomes.

Within this theoretical framework,
the high achievement scores associated
with worksheets and structured grids can be
interpreted as consistent with the principles
of formative assessment. Consequently,
the study provides experimental evidence
supporting the adaptability of domain-
general assessment theories to mathematics
instruction.

Hummad et al. (2021) note that
concept maps are effective in monitoring
and developing conceptual understanding
but may not directly align with traditional
achievement measures. The literature
emphasizes that concept maps reveal
relational and conceptual connections in
students’ knowledge structures (Novak &
Caias, 2010). Thus, concept maps should be
viewed as tools providing qualitative insights
into students’ conceptual frameworks rather
than maximizing achievement scores.

Among the assessment tools, poster
presentations yielded the lowest achievement
scores. This may be explained by the high
levels of synthesis, visual representation,
and communication skills required, as well
as students’ limited prior experience with
such formats. Studies also suggest that
open-ended and creative assessments require
longer adaptation periods to become effective
measurement tools (Birenbaum, 2016).

Rubric-based analyses allowed
differentiation of how various assessment
tools reflect different dimensions of learning.
The findings indicate that mathematical
learning cannot be fully assessed through
a single tool. Instead, complementary
assessment tools are necessary to reveal
students’ multidimensional learning in
functions. The results align with those
of Tashtoush et al. (2025), highlighting
the value of rubric-based analyses in
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distinguishing the contributions of different
assessment tools.

The context of this study is also
significant. Conducted within the Kosovo
education system, where curriculum
reforms emphasize active learning and
formative assessment, the research provides
context-specific experimental evidence
to the international literature. Given the
limited studies in developing or reforming
educational systems, this study fills an
important gap by contributing data from a
relatively underrepresented context.

Conclusion

This study comparatively examined
the effectiveness of different alternative
assessment tools used in teaching functions
in high school mathematics. Beyond focusing
solely on overall student achievement,
the study aimed to evaluate conceptual,
representational, and reasoning dimensions
of mathematical learning through analytic
rubrics and effect size analyses. Thus, it
offers a more comprehensive perspective on
the role of alternative assessment tools in
mathematics education.

The first finding indicates no
statistically significant differences in student
achievement scores across alternative
assessment tools, suggesting that the type
of assessment tool alone is insufficient
to differentiate overall performance in
functions. However, this should not be
interpreted as equivalence in pedagogical
effectiveness. In educational research,
particularly in complex cognitive domains,
statistical significance alone is not a sufficient
criterion for instructional decisions.

Findings related to the second
and third research questions highlight the
importance of rubric-based evaluations
and effect size analyses. Worksheets and
structured grids yielded higher scores in
conceptual accuracy and reasoning, proving
effective in assessing procedural skills
and declarative knowledge. In contrast,
concept maps were particularly sensitive in
representation and relational understanding,
providing insights into students’ mental
models of functions. Poster presentations
produced lower scores across most rubric
criteria, indicating limited effectiveness in
assessing deeper dimensions of mathematical
learning.

Effect size analyses revealed
educational effects ranging from moderate to
large, even when results were not statistically
significant. This emphasizes the importance
of complementary statistics like effect sizes,
especially with small samples, to capture
meaningful differences in learning outcomes.

Overall, the study demonstrates
that due to the multidimensional nature of
mathematical learning, no single assessment
tool can comprehensively evaluate student
knowledge and skills. Each alternative
assessment tool is sensitive to different
learning dimensions, and their combined,
balanced use ensures more valid and reliable
assessment outcomes.

Implications for practice suggest
that mathematics teachers should diversify
assessment approaches, while policymakers
and curriculum developers should integrate
alternative assessments into instructional
programs. Future research with larger
samples and across different mathematical
topics could generate more generalizable
evidence regarding the effectiveness of
alternative assessment tools.

In summary, while no statistically
significant differences were found among
student achievement scores, descriptive
statistics, rubric-based analyses, and effect
size values indicate that assessment tools
capture different dimensions of learning
to varying degrees. Worksheets and
structured grids were associated with higher
achievement scores, whereas concept maps
and poster presentations provided deeper
insights into students’ conceptual and
relational understanding. Concept maps
were relatively more sensitive in assessing
relational and conceptual understanding,
while poster presentations generally
produced lower scores, particularly in
conceptual accuracy. These findings
emphasize the importance of selecting
assessment tools aligned with instructional
goals and intended learning outcomes,
rather than relying on a single overall
achievement measure. ANOVA and effect size
(n?) analyses were conducted to determine
whether differences in achievement scores
across assessment tools were statistically
significant and to quantify the magnitude of
these differences, interpreted using Cohen’s
(1988) thresholds for small, medium, and
large effects.
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Recommendations for Practice and Future
Research

Teachers are encouraged to use
multiple, complementary assessment tools
rather than relying on a single method.
Worksheets and structured grids are effective
for evaluating procedural and conceptual
accuracy, while concept maps and poster
presentations are suitable for assessing
higher-order thinking and conceptual
relationships.

Effective implementation of
alternative assessment tools requires that
students have sufficient preparation and
familiarity with the formats. Teachers
should provide clear instructions, examples,
and practice opportunities, especially for
less structured formats such as poster
presentations.

Future studies may employ
longitudinal designs to examine the impact of
sustained exposure to alternative assessments
on student performance. Qualitative
data, such as interviews and classroom
observations, can further illuminate how
different assessment tools influence learning
processes.
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