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Abstract

  There are many challenges to creating a good assessment that is fair and equitable to

all students.  In mathematics, teachers often make their own assessments to fit their needs

either because the resources available don’t fit their teaching or because there are no

assessment resources available.  Students' daily social interactions can affect their ability to

perform well on an assessment.  Their cultural heritage can also affect their ability to show their

knowledge base on an assessment.  Assessments become a larger issue outside of individual

classrooms when considering state-wide testing and tests for college admittance.

The aim of this study was to improve summative assessments in mathematics so that

they represent student knowledge and are equitable to all students.  This study included 10th

and 11th grade Honors Integrated Math 3 students. The effect size of pre-assessments and

post-assessments were calculated for traditional tests and tests that included real-world

questions.  Students created their own real-world situation related to the content in order to

show their depth of knowledge (DOK).  Students also completed surveys to determine their

motivations for learning mathematics.   The results for each part of the study showed that

students struggled with applying real-world problems in mathematics.  Student attitudes

changed to reflect this throughout the study as well. Students were initially excited about

including real-world problems, but throughout the study feelings changed and more students

didn’t want to include these problems in the unit. Student motivations to learn mathematics

stayed the same throughout the study and were primarily about grades.

Keywords: Designing Assessments, Building Assessments, Making Assessments, Real-world,

High School, Open-ended, Mathematics Assessments, Depth of Knowledge, Student attitudes,

Student motivations.
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Assessments are essential in the classroom in order to know what the student has

learned from the course.  Many assessments are formative and done daily in the classroom to

gauge progress.  These assessments are vital information to guide the teacher in daily lesson

plans.  However, this research focused more on summative assessments in the form of

end-of-unit tests.  Summative assessments are often too long.  It can be difficult to balance the

content needed to be tested with the length of class time.  Does one problem of each type give

a fair assessment of the knowledge students have acquired in the unit, or do students need

multiple opportunities to show they know the content? Summative assessments also come in

multiple versions depending on class period (or within a single class) to limit the possibility of

cheating.   How can assessments be designed to give an accurate representation of student

knowledge and be equitable for all students?

Background and Need

Many assessments are already created for a standard textbook series when a district

completes an adoption process.  However, as individual teachers change each lesson to fit their

student’s needs, many times teachers will also revise the assessments.  In the case of the

mathematics textbook adoption for the researcher’s district, very few high school teachers use

the textbook and therefore teachers make their own assessments.

In high school, California gives the California Assessment of Student Performance and

Progress (CAASPP) test to students only in their Junior year.  This test is supposed to assess

how well students are meeting the Common Core standards. However, in 2018-2019, 60.27%

of all California students and 67.76% of high school California students were at “Standard Not

Met” or “Standard Nearly Met” as Figure 1 shows (CAASPP Test Results at a Glance, 2018-19).
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Figure 1

Percent of Mathematics Students in California WithinEach Achievement Level (CAASPP Test

Results at a Glance, 2018-19).

High school graduation rates in California show 84.3% of students who started high school in

2016 graduating with their class in 2020 (California Department of Education, 2020).  Therefore,

according to the CAASPP test, many students graduate without meeting the mathematics

standards.  Is the CAASPP test just a bad assessment? There is not a nation-wide

assessment for mathematics.  However, the CAASPP test is supposed to be compatible with

national Common Core standards.

When considering college admittance, the Scholastic Aptitude Test (SAT) and the

American College Test (ACT) are considered acceptable assessments at most colleges across

the nation.  There is not an international assessment for mathematics.  However, the Common

Core State Standards Initiative that the CAASPP test is built upon “draw on the most important

international models for mathematical practice” (http://www.corestandards.org/Math/).

All three of these high stakes tests incorporate real-world problems into their

assessments.  These assessments usually mix in traditional mathematics questions with

http://www.corestandards.org/Math/
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real-world application of the mathematics concepts.  However, a mix of traditional and real-world

problems is not usually incorporated into end-of-unit assessments developed by individual

teachers.

The ACT is all multiple choice, however both the SAT and the CAASPP tests incorporate

free response questions into the assessments.  The CAASPP is the only of these high stakes

assessments that incorporates open-ended questions that must be read and scored by teacher

volunteers.  The term open-ended is referred to in this paper as mathematical questions that

have multiple (or infinite) possible solutions or as mathematical questions that ask for a written

explanation of student thinking.  However, open-ended questions are sometimes referred to as

single answer questions that are just not multiple choice (these types of questions are referred

to as free response questions in this research). The open-ended questions that have many

correct possible solutions and that ask students to explain their thinking in writing are much

more challenging for teachers to grade and take much more time than single-response answers.

Therefore, they are often not included in assessments or in general teaching practices.

However, open-ended questions do provide a teacher with a clear understanding of where

students are at and show if students have a deeper understanding of the content or not.

There is a need for research into designing summative assessments. Many aspects of

assessment design need to be researched in order to determine what will best test student

understanding of the material and in order to adequately prepare all students to take high stakes

tests in high school.  This research focused primarily on designing summative assessments by

incorporating real-world problems into mathematics units and the end-of-unit mathematics

assessment.  In addition, this research also investigated DOK levels of the students in the study

and used surveys to understand their attitudes around incorporating real-world problems in

mathematics and their motivations for learning mathematics.
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Statement of the Problem

In the researcher’s experience, no formal training on designing assessments is given to

teachers in credentialing programs.  Even with little to no training, teachers often modify

assessments provided for the curriculum used.  In addition to modifying premade assessments,

many mathematics teachers who have no training in assessment design will make their own

assessments without referencing any other tools. When teachers do design their own

assessments, it is often focused solely on that teacher's individual classroom content and often

includes abstract and unconnected mathematical problems. However, high stakes tests like the

California Assessment of Student Performance and Progress (CAASPP) test incorporate

real-world related questions within the exam, including a Performance Task dedicated to a

single real-world application of mathematics.  Other high stakes tests like the SAT and ACT also

incorporate a mix of traditional mathematics questions and real-world mathematics questions

into their exams.  In order to adequately prepare students for these high stakes exams, there is

a need for these types of problems to be incorporated into classroom instruction and classroom

summative assessments.

Review of the Literature

Many mathematics teachers make their own assessments. This can lead to a variety of

assessment types and often also leads to skills-only tests.  The aim of this literature review was

to review available peer-reviewed research on the use of summative assessments in

mathematics that accurately represent student knowledge and are equitable to all students.

During the process of researching available literature, no seminal researchers on mathematics

assessment design were found.  Designing assessments is primarily discussed in books, not

academic research papers.  This indicates a gap in research that needs to be further

investigated with more research into assessments. In order to achieve this goal three main
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themes were investigated.  Theme 1: The design of assessments and questions.  Teachers are

not generally experts on assessments.  Therefore, this is integral to creating any assessment.

Theme 2: Open-Ended question types in mathematics assessments.  The use of the term

open-ended questions was investigated in the context of assessments.  Theme 3: Incorporating

real-world questions into assessments.  The researchers investigated how implementing

real-world questions affect student performance and understanding of mathematical content.

Design of Assessments and Questions

To effectively analyze assessment data, average effect sizes (d) were calculated based

on John Hattie’s 2012 meta-analyses.  John Hattie is a Professor at the University of Melbourne,

Australia.  In his book, “Visible Learning for Teachers: Maximizing Impact on Learning” Hattie

used an overall average effect of d = 0.40.  The effect size is calculated as shown in Equation 1.

Since the average overall effect size is 0.40, this is the goal for student growth given any

particular teaching method or unit.  Equation 1, combined with a defined goal for a greater than

0.40 effect size gives teachers and researchers a way to “evaluate their effect on learning”

(2012, p. 18).

The design of the assessments also needs to be done effectively.  Depka mentions in

her book, “Designing Assessment for Mathematics” that there should be several different

question types on assessments, thus giving students a better chance of success  (2007).

Question types can include true/false, multiple choice, multiple select, matching, short answer

and/or essay questions.  All of these question types do not need to be tested every time, but

students should always be given questions that will allow them to show their thinking and
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problem solving skills  (Depka, 2007).

In addition to asking various question types on assessments, different levels of

reasoning also need to be addressed.  Many mathematics assessments are written to only the

lowest two levels of reasoning based on Bloom’s Taxonomy (Kelly, 2019).

Figure 2

The New Version of Bloom’s Taxonomy (Kelly, 2019).

In order to see if students have accurately integrated the content taught, students must also be

assessed on higher order thinking skills like analyzing, evaluating and creating (Kelly, 2019).   In

order to accomplish this students must be adequately prepared by being allowed to practice

these higher order thinking skills.  Kelly suggests an assessment of six questions, one from

each of the levels of reasoning from Bloom’s Taxonomy. The more abstract questions should be

worth more credit on the assessment with a specific pre-designed rubric for these questions in

order to be sure they are fairly grade (Kelly, 2019).

During the preparation for the assessment and the assessment itself, clarity in the

questions is a vital component when designing the assignments and the test.  Students need to

be able to understand what they are expected to know and how they are expected to
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demonstrate this knowledge (Depka, 2007).  Any specifically designed rubric should be given to

students beforehand in order for students to be clear on the goal of the assessment questions

and to help them prepare.

As Graf and Arieli-Attali (2015) pointed out in their paper, “Designing and Developing

Assessments of Complex Thinking in Mathematics for the Middle Grades” mathematics classes

and assessments often focus on individual topics. However, mathematics ideas are linked to

many other disciplines.  In order for students to fully understand a topic and show complex

thinking, students need to be able to make these connections to other disciplines, as well as to

other mathematical skills (Graf & Arieli-Attali, 2015).

Open-Ended Question Types

Students can also show their thinking when asked questions that have open-ended

responses.  Jeffrey Schinske (2011) stated that open-ended assessments are thought to invoke

deeper thinking skills in students over closed-ended assessments.  However, they also take

much longer to read through and grade than close-ended questions.  This leads to open-ended

questioning not being used as much in mathematics. Schinske developed a method using

index cards to easily sort and grade these open-ended questions.   He tested this system out in

three different biology classes at a community college. This system allows for resubmission and

regrading as students develop their thinking process and can be applied to open-ended

questions in mathematics as well.

Compared to Schinske’s research on open-ended vs. closed-ended assessments, other

researchers have also investigated what they refer to as open-ended assessments.  However, it

is unclear exactly the type of questions asked.  In Bouck and Kulkarni’s research open-ended

assessments were compared with multiple-choice assessments (2009).  This does not

distinguish between open-ended and closed-ended questions. Instead the research compares
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open-ended and multiple choice questions.  Based on the context of Bouck and Kulkarni’s

research these open-ended questions still have one correct answer but they are in a

short-answer format instead of a multiple-choice format.

Bouck and Kulkarni were specifically looking at students with disabilities in four different

middle-schools and they found that these students answered multiple-choice questions correctly

38.1% of the time and open-ended questions correctly 24.1% of the time (2009).  Therefore,

students achieved higher scores on the multiple-choice questions than on the open-ended

questions.  Bouck and Kulkarni gave several reasons why this might be the case, including that

multiple choice questions have a 25% chance of getting the problem correct just by guessing.

In addition, multiple-choice problems also provide more clarity helping students to understand

what the problem is asking.

Muhammad Qadeer Haider also compared open-ended assessments vs. multiple-choice

assessments (2018).  However, Haider was working to create distractors in order to convert all

open-ended assessment questions into multiple-choice assessment questions for ease of

grading.  Haider found common patterns to answers in open-ended questions and used these to

create distractors for use on multiple-choice assessments (2018).  The difficulty in grading

open-ended assessments has been a common theme in this research.

Incorporating Real-World Questions into Assessments

Real-world questions in assessments were investigated in order to see if students have

a clearer understanding of the mathematical problems when applied to a real-world situation

instead of as an abstract concept.  Building effective summative assessments is the primary aim

of this study.  Do real-world questions help this goal or do they provide distractors to the content

studied?  The topic of real-world questions has been investigated by researchers in the past.

A common method for teachers to integrate real-world problems into the curriculum is
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through the use of word problems.   When instruction incorporates word problems and

problem-solving skills into the daily practice of lessons, student test scores show improvement

(Malik, 2018).   Townsend (2016) also found this to be true in her study when she discussed her

student Yasmin’s understanding of mathematical content at a deeper level when the lessons

and tests were provided in a real-world context so that the student could make sense of the

topics covered.

Just by incorporating word problems in a real-world context does not mean that students

will automatically understand the mathematical content at a higher level.   Many times students

can be confused in the words and get lost even if they were able to solve the problem without

the real-world context.  This can be because the situation does not make sense to the student

or because they do not believe that they have the ability to solve word problems (Tam, 2018).

When the context of a problem does not make sense, students then spend time thinking about

this context instead of the mathematical problem.

In addition, as Tam (2018) noted in his study about “Testing the Ability to Apply

Mathematical Knowledge,” many times mathematical questions are inserted in a real-world

context but do not test students' ability to understand or apply that real-world context.  These

are issues with how teachers design the real-world problems that they pose to students.

When real-world questions are formatted properly, they can have a positive effect

beyond the understanding of mathematical content. Carlos was a student who said that math

class was his “favorite” because he was given the opportunity to work on real-world problems

with a group and that it helped him to feel more confident solving math problems (Townsend,

2016).   In addition, Townsend (2016) also found that students had productive conversions

around mathematics when problems were posed in a real-world context.

Summary
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Developing accurate summative assessments for students is vital in order to understand

what students know about the content being taught. In this researcher’s experience, teachers

are not explicitly taught this in their credentialing program, and yet many teachers still create

their own assessments and/or modify assessments designed by the textbook in use.  In order to

do this effectively, teachers need to think about the types of questions and the level of questions

they are asking on assessments.  Types of questions used on assessments can include

true/false, multiple choice, multiple select, matching, short answer and/or essay questions.  It is

important to have multiple question types on assessments in order to give all students a chance

to answer the question type they excel the most at. The level of questions asked include

remembering, understanding, applying, analyzing, evaluating and creating questions, based on

Bloom’s Taxonomy (Kelly, 2019).  It is also important to have multiple levels of reasoning on

assessments from these categories.

Open-ended questions were investigated as a means to develop higher reasoning levels

in assessments.  However, a common theme in the research of open-ended assessments was

that they take longer to grade and are therefore not used by many mathematics teachers.  This

has led this researcher's focus away from open-ended vs. closed-ended questioning in

assessment research.  The existing research supports that open-ended questioning does

provide a deeper look into the level of understanding that students have about the content being

taught than close-ended questioning.  With this in mind, it is important to still ask and read

through open-ended questions in the practice of teaching the material, but not necessarily on

the summative assessment.

Real-world mathematics was also investigated as a means to help students understand

the content at a deeper level.  This has had mixed results from researchers.  In order to be

effective in helping students understand mathematical content better, real-world problems need
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to make sense in the real-world context they are given.  Many times mathematical concepts are

thrown into a situation for the development of the problem, but the numbers given are not

practical.  In addition, to be the most effective real-world problems should be put into a context

that relates to student life.  When students are able to see the applications to their own life they

are more likely to be invested in the problem, feel connected to the mathematics problems and

be motivated to understand the content and context of the problem.  Providing multiple different

representations of the mathematics concept in different capacities also helps students to learn

more about the mathematical content and relate it to many real-world situations.

Based on this literature review, this researcher focused on incorporating real-world

context into summative assessments for Honors Integrated Math 3 students.  Higher reasoning

levels were incorporated into the unit through a virtual use of index cards that asked students to

create their own real-world situation of the content they were studying with the option to

resubmit if needed.  Summative assessments also incorporated real-world situations in an effort

to determine if students had a clearer understanding of the mathematical concepts when related

to real-world scenarios instead of abstract mathematical concepts.  This literature review

supports the need for further research into summative mathematics assessments that utilize

real-world situations at the high school level.

Purpose of the Study

The aim of this study was to improve summative assessments in mathematics so that

they represent student knowledge and are equitable to all students. This was done by

incorporating real-world questions in assessments and investigating which was the most

effective way to assess student knowledge. The research began by reading articles online and

books about assessment design. Following this research, assessment results of traditional

questions vs. real-world questions in classroom summative tests were analysed.
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In this researcher’s experience, no formal training on designing assessments is given to

teachers in credentialing programs. However, teachers often modify assessments provided for

the curriculum used, or build their own. Teachers repeatedly discuss assessment design with

each other in formal and informal settings. This type of assessment design is focused solely on

individual classroom instruction and often includes abstract and unconnected mathematical

problems. However, high stakes tests like the California Assessment of Student Performance

and Progress (CAASPP) test incorporate some real-world related questions within the exam,

including a Performance Task. When thinking of colleges, the SAT and ACT are also important

high stakes tests that do incorporate a mix of traditional mathematics questions and real-world

mathematics questions into the exam.

Many traditional summative assessments do not include any real-world related

questions, instead they are individual mathematics questions that are abstract and do not

appear to relate to each other. This type of classroom summative assessment does not

adequately prepare students for high stakes assessments that do incorporate more real-world

questions within the assessment. When curriculum provided assessments do include these

problems, teachers will often modify the assessment to remove the real-world applications. This

researcher has informally seen teachers remove these questions saying that they are too

difficult for students in their respective classes. It is true that in order to adequately prepare

students for these real-world related questions, many questions of this type need to be given to

students throughout the instructional process and not just on the assessment. Based on this

researcher's experience, when the assessments are built first students are better prepared for

the assessment. Teachers can provide students with adequate practice of multiple problem

types when the assessment is known before the unit is taught.

Research Questions
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The overall driving question for this research study was: How can teachers build effective

summative assessments that are equitable for all students in mathematics?

The related sub questions that the researcher investigated for this driving question were:

1) Is there a difference in student performance on math assessments when the questions

relate to real world practice?

a) What types of differences are demonstrated in student performance?

b) Do student responses on real-world based questions demonstrate a difference in

depth of knowledge as evaluated in a math assessment rubric?

2) Students often focus on just the grade. Do student attitudes toward the value of learning

the mathematical content change when assessments are application based?

Methodology

Introduction

Each mathematics unit started with a pre-assessment and ended with a post-assessment.

These were compared using effect sizes.  “Effect size = (Average post-test minus average

pre-test)/(spread or standard deviation)”   (Hattie, p. 271).  There were two cycles of research.

The first cycle was the control unit, where a traditional assessment from the year's past was

given (see Appendix A for sample assessments).  The second cycle had real-world questions

applied to the assessments (see Appendix B).  To test students' depth of knowledge in the

content, they were asked to complete an assignment where they made up their own real-world

situation related to the content of the unit and solve it.  This was evaluated using a rubric

designed specifically for this assignment (see Appendix C for the full assignment and rubric).  In

addition, surveys were given to students in order for them to adequately state their views on the

assessments and how the content was delivered for those units (see Appendix D).  In each
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cycle the was  analyzed using the effect size calculation above in order to determine the

effectiveness of each assessment and question types.

Description of the Sample

A convenience sample was used with the students who were enrolled in the researcher’s

High School Honors Integrated Math 3 classes at the time of the study.  This included 103 of the

104 students that signed up for taking the course and were still in the course in the Spring of

2021.  One student requested not to participate in the study and was removed from all data.  All

students in the class participated both during distance and/or hybrid learning due to COVID.

A passive notification letter was sent to all students and their parents. All students (and

their parents) had the opportunity to exclude themselves from the research at any time by

emailing the researcher throughout the study to opt-out. In order for students to remain

confidential, no names were included in the study.

Of the 103 students, 32% were Juniors and 68% were Sophomores. Females were 58%

of the sample and 42% were males. Seventy-eight percent of these students were English only

proficient. Twenty percent were redesignated students who had shown proficiency on the

English Language Proficiency Assessments for California (ELPAC) test. Two percent of these

students tested as Initial Fluent English Proficient (IFEP). All students in the sample were

attending the researcher’s class two days per week on an A-day/B-day rotating schedule with

48 minute classes. All students also attended a third day each week for 25 minute classes.

Fifty percent were completely virtual and 50% were in-person two days per week and virtual on

the third day for 25 minute periods each week. Two percent of these students had a 504 and

0% of the students had an IEP. Students from the following demographics were represented:

1% American Indian/Alaska Native, 1% Chinese, 1% Japanese, 1% Asian Indian, 3% Filipino,

1% Black or African American, 27% Hispanic/Latino, 64% white and 1% two or more races.
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The students represented in the researcher’s Honors Integrated Math 3 classes were not

representative of the overall school population. The school of study had the following

demographics in 2019: 6% English Learners, 11.2% students with disabilities, 42.6%

socioeconomically disadvantaged, 0.9% Asian, 0.3% American Indian, 0.2% Pacific Isander,

0.4% African American, 0.6% Filipino, 50.9% Hispanic, 42.6% White and 4% two or more races.

Study Design

In this study students participated in class instruction, assessments and surveys.  Due to

COVID-19 all instruction and assessments were provided virtually.  50% of the students

participating were in person, but due to the need to maintain distance combined with the fact

that these in-person students were taught simultaneously with virtual students, all assignments

and assessments were still given using virtual platforms. The following virtual tools were used

in the study:

● Zoom:  Online video-conferencing platform that allows for instruction through

screen-sharing (Zoom Video Communications, Inc., 2021).

● GoFormative:  Used as an online instructional tool and used for all assessments.

Shows real-time student responses.  Provides instant feedback to students when

answers are encoded.  Allows for teachers to comment on individual problems

(GoFormative, 2021).

● Google Classroom:  Learning management platform where links to surveys and

lessons, along with associated PDF’s were posted for student access  (Google

Classroom, 2021).

● Google Drive:  A free file storage system that includes a suite of google tools.

This research utilized the Google Form tool from this drive in order to administer

student surveys (Google Drive, 2021).
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● EdPuzzle:  A web-based application that incorporates video content with editing

features including inserting questions.  Allows teachers to track engagement

throughout the video (EdPuzzle, 2021).

Assessment in a Traditional Unit vs. Assessment with Real-World Applications

In cycle one, a pretest was given before any instruction was completed for the unit on

circle trigonometry.  A common student concern was that the pretest would affect their grade.

Students were assured by the researcher that the pre-test did not count against student grades

as they had not yet learned the material.  However, students were told that they would receive

completion credit on their grade for doing their best on the pretest.  Once the pre-test was

complete, a traditional unit of instruction was given similar to how the researcher has taught this

unit in the past with some modifications made due to COVID and virtual learning.  These

modifications included using GoFormative for daily assignments instead of printing PDF copies

of lessons for students and also included some instruction given using video screencasts and

EdPuzzle instead of in person instruction.   The researcher’s traditional unit of instruction for the

circle trigonometry unit does incorporate some real-world situations.  However, it was not a

focus of the unit and was not assessed during summative tests in the traditional unit.  When

instruction for this unit was complete a posttest was given.  The posttest used the same wording

as the pretest, but some of the numbers were changed in order to maintain the validity of the

assessment (see both the pretest and posttest questions in Appendix A).  The posttest did count

on student grades as their end of unit summative assessment. The pretest and posttest scores

were compared using effect sizes (see Equation 1 above).

The researcher acknowledges the potential for cheating has increased due to the virtual

environment of assessments.  However, the researcher attempted to limit the cheating

possibilities by reminding students of the rules of the assessment before each test and by
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having slightly different versions of the assessment.  Students could have cheated by taking

screenshots of anything on their computers, including the pretest.  Students could have opened

a new window and used a calculator even though the assessment was designed for no

calculator use.  Students could take pictures of their work and share it with other students in the

class to copy on their own test.   Students could look up previous work while they are taking

their test.  All of these were potential cheating aspects due to the virtual teaching and learning

environment.  Therefore, during this time more than ever before, teachers relied on student

integrity.

In cycle two, a pretest was given before any instruction was completed for the unit on

trigonometry functions and waves.  Once again, students were assured that the pretest would

not affect their grade, as they had not yet learned the material from the unit.  However, students

were told that they would receive completion credit on their grade for doing their best on the

pretest.  Implementation of the pretest did pose a problem for some students who had been

absent.  Absent students took their pretest the day they returned.  Assignments for this new unit

were not made available to students who had been absent until after their pretest was

completed.  Google Classroom and GoFormative both have the digital capacity to assign work

to individual students.  For most students this was only a day or two.   However, one student

had been absent for several weeks before as well as one week after the pretest was given.  Not

having access to the new unit assignments did not affect this student as they still needed to

make up several assignments from the circle trigonometry unit and prepare for that unit test

before beginning the unit on trigonometric functions and waves.

In cycle two, instruction for this unit was also given using digital formats such as

GoFormative and EdPuzzle.  However, the instruction incorporated real-world applications of

trigonometric functions and waves more than in the previous unit in order to prepare students
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for their end of unit assessment.  When instruction for the cycle two unit was complete, a

posttest was given.  The posttest used the same wording as the pretest, but some of the

numbers were changed in order to maintain the validity of the assessment (see both the pretest

and posttest questions in Appendix B).  The posttest did count on student grades as their end of

unit summative assessment.  The same cheating possibilities existed in this unit as in the

traditional unit.  Pretest and posttest scores were compared using effect sizes (see Equation 1

above).

Depth of Knowledge in Real-World Applications

Towards the end of the unit in cycle two, students were asked to make their own

real-world trigonometric problem and solve that problem (see Appendix C for the assignment

and rubrics).  This assignment was used to gauge student Depth of Knowledge (DOK) related to

trigonometric waves.  Students were graded on a scale of zero to four, with zero showing

copying without thinking and four showing complex thinking.  Students were informed that a

DOK level four was not necessarily the ultimate goal of the lesson.

In this researcher’s experience, in order to deeply understand a topic, oftentimes

feedback is required with the opportunity to revise the thinking process.   Students digitally

traded the problems with another student in order to solve another problem created by a student

and provide feedback.  Students were allowed to choose who they would like to trade problems

with, or request a partener.  Students who requested a partner were matched up through email

by the teacher.  Students were allowed to change their assignment after peer feedback.  The

teacher gave feedback to students around the question that they created and solved and had

the option to revise their assignment.

Student Attitudes around Real-World Applications
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During the first week of cycle two in the unit on trigonometric functions and waves, a

pre-unit survey was given to students in order to gauge their attitudes about mathematics in

general and specifically about incorporating real-world mathematics problems into the course

and the assessments.   A likert scale from one to six was used to gauge the extent to which

students agreed or did not agree with several different statements.  Students were able to select

all of the ways in which they retain information best, including one option related to real-world

applications of problems.  In addition students were given the opportunity to add any other

comments about their views on mathematics.  This same survey was given in the last week of

the unit after the instruction and posttest were completed (see Appendix D for survey

questions).

Results and Analysis

Assessment in a Traditional Unit vs. Assessment with Real-World Applications

The first cycle was used to gather baseline data for how Honors Integrated Math 3

students perform on a traditional pretest and posttest assessment.  The unit was about circle

trigonometry, but any unit could be used to gather baseline data.  The pretest was given when

we returned from winter break in January 2021.  Students did have some prior knowledge of

trigonometry from their previous course and from the last unit covered in Fall semester about

triangle trigonometry (that included law of sines and law of cosines).  Out of 103 students the

average score on this pretest was 17.8% with a standard deviation of 10.0%.  A majority of the

Honors students took the pretest seriously and spent at least half an hour working through the

problems even though we had not yet covered the content in the unit.

The unit was taught in the traditional manner for the course.  This did include some

real-world applications during instruction, but no real-world applications on assessments.  In

March 2021 the unit was completed and posttest given to students.  Out of 103 students the
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average score on this posttest was 87.6% with a standard deviation of 17.1%.  This posttest

data fits with the researcher’s average scores for this test in honors classes from previous

years.  This led to an effect size (d) for the unit of 5.15 (see Table 1).

Table 1

Cycle One Traditional Assessment Results

The second cycle included real-world questions within the assessments.  This unit was

about trigonometric waves and functions.  Once again students had some prior knowledge of

trigonometry as we had just completed our circle trigonometry unit. Out of 103 students the

average score on this pretest was 15.0% with a standard deviation of 6.7%.  A majority of the

Honors students once again took the pretest seriously and spent at least half an hour working

through the problems even though we had not yet covered the content in the unit.

As this unit was being taught, more real-world applications of trigonometry were

discussed.  In April 2021 the unit was completed and posttest given to students. Out of the 103

students in the study the average score on this posttest was 72.0% with a standard deviation of

18.5%.  This led to an effect size (d) for the unit of 4.52 (see Table 2).  This posttest data was

slightly lower than the researcher’s average scores for this test in honors classes from previous

years.   In addition, the concept of phase shift, which is the most challenging concept that is
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normally taught in this unit was skipped due to COVID and our modified schedule, making the

unit easier than in a traditional year.  Since the concept of phase shift was skipped for this unit,

the researcher would have normally expected a higher, not a lower posttest average from

previous years.

Table 2

Cycle Two Real-World Assessment Results

The effect sizes of 5.15 in the pretest and 4.52 in the posttest were much larger than

expected.  “The overall average effect from all meta-analyses was d = 0.40” (Hattie, p. 13).

The example effect size calculation that Hattie gives in his book, “Visible Learning for Teachers:

Maximizing Impact on Learning” shows a pretest average score of 48 (see Table 3).  This was a

high pretest score considering the content taught in the units that were involved in this research.

Although students did begin with some prior knowledge about trigonometry, they had not

previously applied this knowledge to a circle, radians, or the vocabulary involved with these

topics.
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Table 3

Example of Effect Size Calculation (Hattie, page 271).

The large values of the effect sizes in this research may be due to several factors.  The

largest of these factors being the time-scale for which the research was conducted in.  Effect

size is meant to be an overall effect over a year's time.  The goal is for 0.40 growth within a

year’s time. Students retain the most information immediately upon completion of a unit, but

would not retain as much of this information if the posttest was given in June instead of

immediately following the units taught.  Another reason for the high effect size was the fact that

this research was done with classes of honors mathematics students.  These students were
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driven to do well and succeed.  Many of these students have high goals of attending ivy league

colleges when they graduate.

The effect size did go down from the traditional unit (d = 5.15) to the unit with

applications of real-world mathematics (d = 4.52). This was a decrease of 12.2% in the effect

size between the units.  In addition, the posttest average scores for the traditional unit fit with

previous year’s results, whereas the posttest average scores for the unit with problems applied

to the real world were lower than previous year’s results.  The scores on this posttest were

lower than the previous year’s results even though the topic of phase shift, which is typically one

of the more challenging topics in the unit, was removed due to COVID.

This data indicates that students succeed more in traditional assessments than with

assessments related to real-world mathematics problems. However, since high stakes tests like

the SAT, ACT and CAASPP at the high school level all incorporate real-world problems into their

assessments, this is an indication that more real-world problems need to be included throughout

mathematics instruction and assessments.   Without including these real-world problems in

classroom assessments students will not be adequately prepared for these high stakes tests. In

addition, these results may also be an indication that the unit from the first cycle does not

contain as challenging material as in the unit from the second cycle.

Depth of Knowledge in Real-World Applications

Depth of Knowledge (DOK) was assessed in this unit through an assignment where

students created their own real-world trigonometric problem.  See appendix C for a copy of the

assignment that was given to students toward the end of this unit.  Out of 103 students, 84

students turned in the assignment.  This is an 81.6% turn-in rate, which was slightly lower than

the average turn in rate for the honors students in this study.   The average DOK level was 1.78
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with a standard deviation of 0.82.  Their depth of knowledge was graded based on the rubric in

Table 5 shown below.

Table 5

Depth of Knowledge Rubric

A deep understanding of the content was difficult for many students to achieve especially

without feedback.  Therefore, feedback was given to all students with the opportunity to redo

their assignment.  Twenty-two of the 85 students that completed the assignment took advantage

of this opportunity.  However five of the students that made changes did not change their DOK

level.  One student made multiple revisions to increase their understanding of the content and

their grade.  This led to a revised average DOK level of 2.05 with a standard deviation of 0.81

indicating that students had an understanding of the skills and concepts from the unit, but not

deeper strategic or complex reasoning skills.

Students were also asked to grade themselves on their DOK level based on the rubric.

Seventy-six of the 85 students that completed the assignment also graded themselves based on

the DOK rubric.  Students consistently graded themselves higher on the DOK rubric than the

researcher with an average DOK level of 3.12 and a standard deviation of 0.49.  This could

indicate that they did not fully understand the rubric after it had been discussed by the
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researcher.  The researcher had mentioned to students that a DOK level of four was not always

the goal in an assignment like this and that a DOK three level does show a deep understanding

of the content.  This might have biased students into grading themselves as a DOK level three,

as 75% of the students said that they had a DOK level of three based on the rubric.  Another

possibility was that students were confident in the assignment and believed that they had a

clearer understanding of the content than they actually possessed.   Many students thought that

they had solved their problem correctly, but instead they needed to clarify information from their

real-world situation or they simply did not solve the trigonometry portion correctly.

Figure 3

Depth of Knowledge Results

The DOK levels found were not as high as the research had hoped for honors students.

However, they are a realistic representation of how deeply students understood the material.

The results do make sense when considering the average post-test score of 72.0% and

standard deviation of 18.5% for that assessment. The researcher had expected more honors
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students to take advantage of the feedback given and the opportunity to redo the assignment.

However, only 25.8% of the honors students in the study were motivated enough to go back and

rethink their work in order to understand the content at a deeper level.

Student Attitudes around Real-World Applications

Student attitudes were surveyed in this cycle of research in order to analyse their

perceptions around applying real-world problems to mathematics and if these perceptions

change throughout the unit. See appendix D for a complete list of the questions asked.  Before

the unit began, 100 of the 103 students in the study responded to the survey about student

attitudes around mathematics.  After the unit was complete, 101 students of the 103 students in

the study responded to this same survey.  This survey was done through the use of Google

Forms and did not collect student information.  Therefore it was completely anonymous even to

the researcher allowing for students to voice their opinions without risking repercussions.

A majority of students began with a positive response about applying real-world

problems to mathematics.  On a scale of one to six, students were asked to agree (6) or do not

agree (1) to the statement, “I like when math concepts are related to real-world problems”  (M =

3.96, SD = 1.43).  In addition, students were allowed to add any other comments they wanted to

the survey.  The responses related to real-world problems in mathematics were:

● “I like math, but I can be difficult, so when it is applied to real world problems, it is much

easier to actually learn it because it feels meaningful.”

● “I would be engaged in math a whole lot more if it was applied to the real-word more

often.”

● “I feel like when you teach math, you need to make it realistic. You need to find a way

that the subject relates and matters to the student's life. Otherwise, they won't pay

attention and/or won't be interested in the lesson. That is why I learned the unit circle
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pretty fast because it was around a Ferris wheel. But mostly every other topic I struggle

on is because it's not based on the real world.”

● “Why do we do math if some topics have nothing to do with the real word?”

● “The real world problems are not problems I foresee in my future.”

Of the five responses related to real-world problems, four of these were positive responses

encouraging the use of real-world problems in mathematics. However, not everyone agreed;

there was also a dissenter with a negative outlook on including real-world problems in the

pre-unit survey.

After the unit was over, the positivity around applying real-world problems to

mathematics decreased.  Students did not agree with the statement, “I like when math concepts

are related to real-world problems'' as often as before the unit was taught (M = 3.13, SD = 1.39).

Therefore, this unit had an effect size on student attitude related to liking real-world problems

applied to mathematics to be d = -0.60.  Only one student referenced real-world problems once

the unit was complete in the question that allowed them to add anything they wanted.  This

student stated, “I personally don't care for the real world problems.”  The mode of this data also

dropped from a four in the pre-unit survey to a two in the post-unit survey.

To check the validity of these responses, students were also asked to agree or disagree

with the opposite statement.  This statement was, “I do not like it when math concepts are

related to real-world problems.”  Once again a 1 represents that the students do not agree and a

six meant that the students agree.  The results for this question would be expected to be directly

opposite of the previous results.  The pre-unit results were fairly consistent with the previous

results (M = 2.82, SD = 1.40), but the post-unit results to this question had the average pushed

farther to the side of students agreeing that they do not like math concepts related to the

real-world (M = 3.64, SD = 1.47).   Therefore, this unit had an effect size on student attitude
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related to not liking real-world problems applied to mathematics to be d = 0.57.  The mode of

this data increased from a two in the pre-unit survey to a five in the post-unit survey.  See Figure

4 for a graphical representation of students who agree and.

Figure 4

Students' Attitudes Around Applying Mathematics to Real-world Problems.

In the survey to gather student attitudes around mathematics, students were asked to

select all of the ways that they best retain information. Their choices were:

● “When I was told explicitly how to do the problem through my teachers instruction (in

person or in videos).”
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● “When I was able to develop the concept myself by seeing patterns in my previous

work.”

● “When I have been talking to my peers about the problems.”

● “When the problems are applied to real-world situations.”

● “When completing a lot of similar practice problems.”

All of these ways in which students retain information show interesting data.  However, the focus

in this research was on the real-world problems. Similar to the results from above, the number

of students that selected they retain mathematical information best when applied to real-world

situations went down from 18% in the pre-unit survey to 9% in the post-unit survey (Figure 5).

Figure 5

Student Perceptions About How They Best Retain Information. Students Were Asked to Select

All of the Choices That Apply.

When applying these real-world problems to assessments, students also had a change

from their pre-unit survey to the post-unit survey. Students were asked to use the same scale

for how much they agree with the statement, “I like tests that relate to real-world problems or



33

that are application based.”  The pre-unit results were also consistent with the first statement (M

= 3.47, SD = 1.27), but the post-unit results to this question had the average pushed farther to

the side of students disagreeing, indicating that they do not like real-world problems included in

their mathematics assessments (M = 2.76, SD = 1.33). The mode of this data decreased from

a four in the pre-unit survey to a three in the post-unit survey.  See Figure 6 for a representation

of this data.

Figure 6

Students Agree or Disagree With the Statement: “I like tests that relate to real-world problems or

that are application based.”

Students often focus just on the grade that they earn and not on the value of learning

mathematical content.  This stayed true even after applying mathematical problems to the
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real-world. Students were asked to use the one to six Likert scale for how much they agree with

the statement, “My motivation to learn math and when I am doing my homework is primarily

about getting a good grade.”  This statement often represents the reality of student motivations,

but does not represent teacher motivations.  The pre-unit and post-unit results show that

students agree with this statement.  Pre-unit mean was 4.76 with a standard deviation of 1.20

and the post-unit mean was 4.71 with a standard deviation of 1.25.  Therefore, this unit had an

effect size on students who are motivated by their grade to be d = -0.04.  This does not

represent a statistically significant change in student attitudes around their motivations to learn

mathematics.  The mode of this data stayed the same at a six in the pre-unit and the post-unit

survey.

Students were also asked to agree or disagree with, “My motivation to learn math and

when I am doing my homework is to understand the content that is presented and retain the

knowledge.”  This statement represents what many teachers hope for student motivation in

learning mathematics is.  The re-unit and post-unit results to this question around motivation did

have slightly greater differences.  The pre-unit mean was 4.16 with a standard deviation of 1.30

and the post-unit mean was 3.90 with a standard deviation of 1.27 (d = -0.20).  Therefore the

unit on applying real-world problems to mathematics decreased student motivation to

understand the content and retain the knowledge learned. However, the mode of this data did

stay the same at a four in the pre-unit and the post-unit survey.  See figure 7 for a

representation of this data.
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Figure 7

Students' Motivations for Learning Mathematics.

This data shows a consistent shift of student attitudes around applying real-world

mathematics problems in class.  No student explained their shift in reasoning on the survey.

One possible reason for this shift was an overload of real-world applications throughout the unit

and on the assessment.  Real-world problems need to be balanced with traditional mathematics

questions.  One other possible reason for this shift was the realization that real-world problems

are more challenging to solve, especially when given actual real-world data as part of the

process.  Real-world data often does not involve numbers that are easy to work with and

therefore can make the process of analysing the data more challenging for students.

Oftentimes real-world data is estimated in mathematics to create problems that are easier for

students to solve.
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Another cause of this shift in student attitudes could have come from the DOK

assignment. Many students received lower results than they anticipated for their DOK level on

this assignment and had to revise their work.  When thinking deeply about an assignment,

revisions are often needed.  The researcher did not explain this component of deeper thinking

well at the time of the assignment, and when students did not receive the results that they had

expected, it could have biased them against applying real-world problems in mathematics.

Summary and Recommendations

This study examined assessment design and applying real-world problems to

mathematics assessments.  This study examined the results of a traditional unit and a unit

applied to real-world applications of mathematics as well as student attitudes related to

incorporating real-world problems in mathematics in high school Honors Integrated Math 3

classrooms.

There are several different limitations that affected the results of this study.  This study

was completed at a single school and all the students had the same teacher.  The study also

only included honors students, the results may have been very different with college prep

students instead.  The demographics of the students in the study were not representative of

demographics for the school as a whole.  This study was not conducted with traditional teaching

methods, but with modified lessons due to hybrid learning due to COVID-19.  All assignments

and assessments were given virtually.  Virtual assessments lead to an increased potential for

cheating throughout this study.  Therefore, the researcher had to rely on student integrity in

assessments more than in a traditional assessment environment.

In addition to the logistical limitations, many students struggled with emotional issues

related to the pandemic.  Student social-emotional health had decreased throughout the

experience of the pandemic, including some struggles with depression that they had not
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previously had to deal with.  Students that did not have serious emotional battles to contend

with still had to work through social issues of isolation. Many students also had to grapple with

finding motivation to learn during this study.  Motivation is not a typical problem that honors

students would normally have had to struggle through, but due to the limitations of COVID-19, it

became an issue for many students.

Several limitations of this study also related to the content covered.  The study covered

content in the Integrated Math 3 curriculum only. Results may have been different if other high

school math courses were included in the study.  This study could also benefit from including

additional units related to real-world applications of mathematics in order to develop a complete

picture.   Only one traditional mathematics unit and one unit with real-world applications were

covered in this study.  Both of these units pertained to different aspects of trigonometry.

However, Integrated Math 3 also has units on polynomial functions, rational functions,

sequences and series, and exponential and logarithmic functions.  Applying real-world

applications to these units in the same manner as the study should also be investigated.

When examining the assessment results, there was a definite difference in student

performance from cycle one to cycle two.  Student performance decreased in cycle two when

real-world problems were incorporated into the assessment. The effect size decreased by

12.2% between the traditional and real-world units. In addition, the average posttest

assessment scores for the unit with problems applied to the real world were slightly lower than

previous year’s results.  This data indicated that students succeed more in traditional

assessments than with assessments related to real-world mathematics problems.  However, this

is also an indication that real-world problems should be applied more to traditional assessments

since high stakes tests like the SAT, ACT and CAASPP at the high school level all incorporate

these problems into their assessments.  When real-world problems are not included in
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mathematics assessments, students may not be adequately prepared for these high stakes

tests.

The DOK levels found were not as high as the researcher had hoped for honors

students.  The revised average DOK level (M = 2.05, SD = 0.81) indicates that the depth of

knowledge does not increase when real-world based questions are applied.  However, this was

in part due to the decreased motivation of students throughout this unit.  If more students had

taken advantage of the feedback given and the opportunity to rethink and redo their work, then

the DOK levels would have been much higher since 77% of students who revised their DOK

assignment increased their DOK levels.  In order to develop a deep understanding of content, a

high level of motivation is required on the part of the student.  However, student attitudes around

incorporating real-world problems into mathematics dramatically decreased over the course of

the unit in cycle two.  At the start of cycle two, students were excited to see where mathematics

applies in the real world.  As the unit progressed, there was a shift in student attitudes, and they

no longer wanted to apply mathematics to real-world problems.

Student motivations to learn mathematics often focus on just the grade.  This did not

change throughout the study.  A focus on real-world applications of mathematical content did not

increase student attitudes around the value of learning. In fact there was a decrease (d = -0.20)

in students who were motivated to learn based on an understanding of the content and a

motivation to retain the knowledge taught.  This decrease in student attitudes around applying

real-world problems in mathematics has had an effect on the results of this study.

More research is needed on the topic of building effective summative assessments that

are equitable for all students in mathematics.  Not including real-world problems in mathematics

assessments is not a legitimate option since high stakes tests like the SAT, ACT and the

CAASPP do include these problem types in their assessments. Students' ability to transfer
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mathematical knowledge into other contents is a vital skill in college and in life.  Therefore, more

research needs to be done on mixing traditional vs. real-world problems into mathematics

assessments without decreasing student motivation around applying the real-world concepts.

More extensive research also needs to be conceded at multiple levels of mathematics and

related to varying mathematical contents beyond trigonometry.

Research needs to be conducted in order to see if these study results can be duplicated

in a normal teaching environment (post-COVID).  If these results are duplicated, then

determining where the shift in student attitudes occurred will be an important step in determining

why student attitudes shifted so dramatically in order to prevent this from occurring again.  This

researcher expects that student attitudes may have changed around applying real-world

problems in mathematics during the Depth of Knowledge (DOK) assignment.  Students

struggled with creating their own problems and solving them correctly.  Students have been

trained not to struggle in mathematics and have been given the answers to problems over and

over.  With distance learning and hybrid learning during COVID this has become increasingly

true.  In addition, when mathematics is applied to real-world situations, the equations used can

often become chaotic with more decimals and fractions. This chaos increases the cognitive

load of students as they work through mathematical problems.

Building assessments is a challenging proposition even with training.  In the process of

teachers continuing education, they need to have training in how to build effective summative

assessments.  Since many mathematics teachers do build their own assessments, it is an

important training to incorporate into the teaching process.  An assortment of multiple problem

types need to be incorporated into assessments, such as true/false, multiple choice, multiple

select, matching, short answer and/or essay questions (Depka, 2007).   In addition, multiple

levels of thinking need to be assessed, such as remembering, understanding, applying,
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analyzing, evaluating and creating (Kelly, 2019).  All of these levels of thinking do not need to be

incorporated into each assessment, but each of these levels should be incorporated into

mathematical units and assessed in some manner.  They do not need to be assessed on the

end-of-unit summative assessment, but can instead be assessed with a formative assignment.

A mix of traditional and real-world problems need to be included in these different questions

types and at various levels of thinking in order to adequately prepare students for high stakes

tests and for applying mathematics after high school.
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Appendices
Appendix A: Traditional Assessment.
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Appendix B:  Assessment incorporating Real-World mathematical questions.
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Appendix C:  Assignment and Rubrics to analyse student’s Depth of Knowledge (DOK).
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Appendix D:  Survey given to students in order to see student attitudes around
incorporating Real-World mathematical questions into assessments.  Exact same survey
given to students pre-unit and post-unit for cycle 2.


