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Abstract: The use of problem posing to assess students' understanding and transfer
of knowledge has been discussed. The author's previous study proposed a method for
learning assessment where students created problems that could be solved with
solutions of given problems by changing the contextual settings in texts (situations).
However, some of the students' problems did not feature new situations. To promote
novel idea generation in the transfer of solutions into novel situations, this study
adopted the generation of feedback to problems that students learned in a course to
involve them more deeply in the problems. It then empirically investigated the effects
of feedback generation on the students' problem-posing performance.
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1. Introduction

In addition to solving problems provided by a teacher or textbook, students can participate in
problem posing, which involves them creating problems on their own. This has been identified
as an important learning activity. However, problem posing is not commonly used in general
education for various reasons, such as cognitively demanding tasks (Cai, & Hwang, 2023;
English, 1997) and the necessity of providing individual feedback (Hirashima, Yokoyama,
Okamoto, & Takeuchi, 2007). This is despite that fact that its importance has been well-
documented (e.qg., Ellerton, 1986; English, 1997; Silver, 1994).

The use of problem posing to assess students’ understanding and transfer of
knowledge has also been discussed (e.g., Cai, & Hwang, 2023; Mestre, 2002; Papadopoulos,
Patsiala, Baumanns, & Rott, 2022). It is a difficult task as students might fail to compose
appropriately solvable problems, even when they can easily solve problems in the same task
domain (Kojima, Miwa, & Matsui, 2013a; 2013b). Thus, it may be challenging for general
education to adopt problem posing to measure students’ learning achievement. The author’s
previous study (Kojima, 2020) proposed a method for assessing learning through problem
posing by students who had not received training in creating problems. It empirically revealed
that the performance of problem posing in the assessment exhibited similar trends to the
scores of a conventional examination through solving problems. However, a certain number
of students did not create problems that met the requirements presented.

This paper reports learning assessment through problem posing in a university course.
The author investigated whether students’ problems were changed by a learning activity that
allowed them to involve problems that appeared in the course more deeply. Here, the
generation of feedback on problems was adopted as the activity.

2. Theoretical Background

Problem posing is a promising method for assessing students’ understanding of concepts and
procedures and testing their transfer to novel problem-solving situations. Several studies have



addressed assessment by having students pose their own problems; however, difficulties
appear to exist in implementing problem posing in general education. Cai et al. (2012)
measured the effect of a middle-school math curriculum on high school students through
problem-posing tasks and observed that only a small nhumber of them created valid math
problems. Furthermore, Mishra and lyer (2015) explored the potential of problem posing as
an assessment tool in a computer science course and reported the relationship between
problem-posing performance and traditional assessment (answering quizzes). However, they
let the students generate problems in pairs to facilitate such performance.

The author proposed a task that combined solution-based and problem-based problem
posing as an assessment tool (Kojima, 2020). Solution-based problem posing requires
students to compose a problem that can be solved with a solution specified and problem-
based problem posing to generate a new problem by changing a given one (Hirashima, et al.,
2007). In the task, students are given a problem (base) before creating their own problems
that can be solved with the solution of the base by changing the contextual setting in the text
(the situation; e.g., “customers order goods when doing online shopping”). Table 1 illustrates
the problems used in the author’s previous study, which were in the database (relational
algebra) domain.

Table 1. Example of D/l problems.

(a) A table employee has columns of employee_id, name, office_id, and service_years. Describe a

relational-algebra expression that can perform operations the same as the following SQL statement.
SELECT name, office_id FROM employee WHERE office_id IN (“E1”, “E2”, “E3”)

Solution) Tame,office_id(O (office_id="E1")v(office_id="E2")v(office_id="E3nE€MplOyee)

(b) A table student has columns of student_number, name, department_id, and gpa. Describe a

relational-algebra expression that can perform operations the same as the following SQL statement.
SELECT name, department_id FROM student WHERE student_number IN (“19E221”, “19E222”,
“19E223")

SO'UtiOﬂ) TTname,student_number (O'(Student_number ="19E221")v(student_number ="19E222")v(student_number :”19E221")StUdent)

(c) Atable order has columns of order_id, user_id, item_id, and number. Describe a relational-algebra

expression that can perform operations the same as the following SQL statement.
SELECT user_id, item_id FROM order WHERE item_id IN (“S500CK1”, “S500CK2”, “S500CK3")

Solution) TTuser id,item_id(O{(item_id="S500CK1")v(item_id=" S500CK2")v(item_id=" s500cK30rder)

The three problems in Table 1 have different situations but share an identical-solution
structure. Solution-based problem posing can create (a) or (b) as output when (c) is given as
the base. Problems such as (a) and (b) for (c) are referred to as different-situation/identical-
solution (D/1) problems. The creation of D/l problems can be effectively facilitated by
presenting students with some examples (Kojima, & Miwa, 2008) as hints for their own idea
generation.

The author’s previous study (Kojima, 2020) engaged students in the problem-posing
task after presenting the three problems in Table 1 as examples to illustrate the concept of D/I
problems. They were instructed that they had to use new situations they had not seen before
in any course materials. Despite this instruction, a certain number of their problems involved
situations that they had seen elsewhere in the course. To assess students’ understanding, it
would be effective to have them adapt what they have learned in a situation to a novel one.
Hence, it would be necessary to promote the idea generation of new situations away from
familiar ones. The students in the previous study had solved many problems with various
situations before they encountered the problem-posing task, even though they might not have
involved each problem to a sufficient extent. To facilitate generative performance, problems
should be learned through a generative task rather than problem solving.

A simple approach to such promotion is to provide students with experience of problem
posing in a course. However, since problem posing by novice students occasionally requires
much more time than problem solving, incorporating it into course instructional design is not
necessarily easy. An alternative approach may be to generate feedback (Yu, & Liu, 2016) to
problems posed in the course. Yu and Wu (2022) investigated students’ feedback generation
to questions they had generated and noted its benefits, which included the promotion of
guestion-generation quality. Although it is not necessarily clear whether feedback generation



can promote generative performance like novel idea generation about situations, it may lead
students to more active, deeper involvement in problems. Therefore, in the next session, the
author incorporated feedback generation into a computer science course and investigated its
effects on the problem-posing task from bases.

3. Method
3.1 Course Overview

The investigation was conducted in a database course held each semester of 2022-24 in the
department of information and electronic engineering at the author’s university. Each 15-week
course included 13 lectures, practice performing database operations with SQL, and an
assignment of the problem-posing task. Each lecture in 2022 and 2023 engaged students in
a worksheet and test on a learning management system (LMS). Each worksheet included
guestions that students were to answer by referring to a textbook. Each test included 5-10
problems, each of which was randomly selected from a set of 3—6 problems. The problems in
Table 1 formed one of the sets used in the LMS tests, which included different problems for
each student. All problems had no feedback from the instructor but gave only correct/incorrect
feedback. Thirteen tests in the lectures contained a total of 97 problem sets. The students
were instructed to take each test repeatedly until they answered at least 80% of the problems
correctly as a requirement for receiving course credit. They were also told that the number of
tests in which they scored 100% would be added to their final course score.

Lectures except for the first of 2024 were different in some ways. In even-numbered
lectures, a worksheet integrating a pair of lectures (e.g., the second and third lectures) in
2022-23 was given to the students. In odd-numbered lectures, students were randomly
assigned into one of 3—4-person groups and received a set of 3—4 problems used in the test
with the correct answers. Mostly, problems in a single set were D/l problems of each other.
The students were instructed to describe their justification for selecting the answer (Yu, & Wu,
2022) as feedback for each problem. Every student had to generate feedback for one problem
and check the feedback by one other group member. They then shared their feedback for the
problems with other groups on the LMS before taking the test. There were 8—13 problem sets
in each of seven tests in 2024, 3-8 problems in each set, and 71 sets in all tests.

In the last week of the course in each semester of 2022—-24, students were presented
with the assignment along with its instructions. The assignment included seven bases, each
of which was created by slightly altering one of the problems used in the tests. Seven bases
for the three years were different from each other because some students failed in the previous
year and retook the course. Nevertheless, they shared basic concepts in their solutions (e.g.,
the third base had a subquery, while the sixth had normalization). The students were asked to
pose a new D/l problem from each of the seven bases. They first learned the idea of D/
problems with the three presented in Table 1. The students were then informed that the mere
duplication of any problems from the tests or the textbook was not acceptable. They were then
presented with a list of seven situations that appeared in the course materials and told that
using any of them was prohibited. They were explicitly required to adapt ideas in each base
to a novel situation and create a suitable database. Each of them described their problems in
a document file within a week and then submitted it using the LMS assignment function. This
function enables an instructor to mark a student’s response using a rubric and show the rubric
to the student before submission and after marking. This rubric directly listed the seven
situations prohibited to prevent the students from using any of them.

3.2 Data Analysis
In the data analysis, a situation from each student problem was categorized into one of the

following three categories:
e Identical: The situation was the same as one of the seven prohibited situations.



e Similar: The situation shared part of entities or relations in one of the seven situations;
for example, one of the situations comprised shops/stores, customers/clients,
goods/products, and order/delivery. Thus, the situation “a bakery shop manages
ingredient stocks” was categorized as similar, whereas “customers order bread in a
bakery shop” was categorized as identical.

e Different: The situation was different from all of the seven prohibited situations.

Students’ solutions were then categorized into the following three categories:

e Failure: including any misconceptions, inconsistencies, or errors;

e Simple: a structure simpler than the base;

e Success: an identical structure to the base or a more complex one.

The analysis of the solutions was separately conducted for problems of the situation

categories above. Please see the Appendix for examples of a base and student problems.

4. Results and Discussion

In the database courses, 55, 41, and 60 students submitted problems to the assignment in
2022, 2023, and 2024, respectively. The data of two students who did not complete the seven
problems, two who retook the course and created problems from the previous year’s bases,
and three who did not create their own problems were excluded from the analysis. The results
below include data of 55 students in 2022, 38 in 2023, and 56 in 2024.
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Figure 1. Proportions of Student Problems in Each Situation Category.
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Figure 2. Proportions of Student Problems in Each Solution Category of Identical (1), Similar
(S), and Different (D).

Figure 1 indicates the proportions of student problems in each of the three situation
categories. A comparison of the three categories among three years using a chi-square test
indicated a significant difference (x?(4) = 20.37, p < .01). The residual analysis revealed that
the numbers of identical problems in 2022 (p < .01) and different problems in 2024 (p < .01)
were high, those of different problems in 2022 (p < .01) and identical problems in 2024 (p



< .05) were low, and those of identical problems in 2023 (p < .10) were moderately low.
Therefore, identical problems decreased and different problems increased in 2024.

Figure 2 indicates the proportions of student problems in each of the three solution
categories. We could not compare the differences among the years because the bases were
not the same; however, only half of the student problems whose situations were identical or
different were a success in all years.

As Figure 1 indicates, identical situations decreased in 2024. Each student in 2024
experienced the generation of feedback for some problems in the LMS tests as well as took
the tests. This experience might have drawn students’ attention to information about the
problems, including the situations. However, 20% of their problems still had identical
situations. The effect of promoting problem posing in a new situation was not necessarily
sufficient for meeting the task’s requirements.

In addition, identical situations decreased in 2023. Although the reason for this is
unclear, a possible explanation is that students in 2023 learned more from the LMS tests. The
average number of LMS tests in which they scored 100% was 9.42 out of 13, whereas the
figure was 7.85 in 2022. A Mann-Whitney U-test revealed a significant difference between the
averages (z = 1.17, p < .05). The number of the tests with a score of 100% was 2.61 out of 7
in 2024.

However, the effect of improving student solutions was not observed. The author could
not measure this effect because whether the difficulty levels of the assignments differed
between years was unclear. This is one limitation of this study. However, even problems in
the identical situations failed to have appropriate solutions composed. Problem posing might
have been challenging enough to the students even when they did not attempt to transfer the
bases to novel situations.

One direction for future work is to conduct further analysis. In particular, studies could
examine student-generated feedback in 2024.
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Appendix

(The third base in 2024) The following figure presents a database for managing the employees of a
company. Some of the employees work at multiple offices.

employee office service_years

| employee id | name | address | | office_name | location | | employee id | office_ name | years |

You have investigate the service years of employees who work at offices in Saitama Prefecture. The
following is an incomplete SQL description for creating a table with two columns of employee_id and
years.

SELECT employee_id, years FROM service_years WHERE

Solution: SELECT employee_id, years FROM service_years WHERE office_name IN (SELECT
office_name FROM office WHERE location='Saitama')

(A student problem with a different situation and failure solution) The following figure presents a
database for managing films. Some of the actors have appeared in multiple films.

film actor appearance

[ film id | title [ director [ year | [ actor_id [ name [ date of birth | | film_id | actor_id [ part |

The following is an incomplete SQL description for creating a table of actors who have appeared in films
released in the 1950s with two columns of names and date_of birth.
SELECT names, date_of birth FROM actors WHERE

Solution: SELECT names, date_of_birth FROM actors WHERE year BETWEEN 1950 AND 1959

(A student problem with a similar situation and success solution) The following figure presents a
database for managing the devices of a company.
device office

| device id | device_name | date_of purchase | | office_id | office_name | location |
status_of use
| office_id | device id | years |

You have to investigate the years of devices that are used in offices in Tokyo. The following is an
incomplete SQL description for creating a table with two columns of device_id and years.
SELECT device_id, years FROM status_of_use WHERE

Solution) SELECT device_id, years FROM status_of use WHERE office_id IN (SELECT office_id
FROM office WHERE location="Tokyo")



