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‘‘Self-diagnosis tasks’’ are aimed at fostering diagnostic behavior by explicitly requiring students to

present diagnosis as part of the activity of reviewing their problem solutions. Recitation groups in an

introductory physics class of about 200 college students were distributed into a control group and three

intervention groups in which different levels of guidance were provided for performing self-diagnosis

activities. We investigated how well students self-diagnose their solutions in the different interventions

and examined the effect of students’ self-diagnosis on subsequent problem solving in the different

intervention groups. We found that in the context of an atypical quiz, while external support altered the

self-diagnosis performance, the self-diagnosis score was not correlated with subsequent problem-solving

performance on a transfer problem. We discuss possible explanations for our findings.
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I. INTRODUCTION

The purpose of this study was to shed light on the
learning processes and outcomes associated with several
alternative tasks we term ‘‘self-diagnosis tasks.’’ These
tasks are a type of formative assessment tasks [1–3].
While traditional summative assessment emphasizes
product and grades, these tasks emphasize process and
feedback. They are aimed at fostering intentional learning
[4] in the context of problem solving, i.e., ensuring that
students will not focus their attention only on the specific
task, but also on the more general learning goal of elabo-
rating the solver’s conceptual understanding. They do so by
installing, in the context of the assessment, an activity that
encourages students to provide self-explanations [5] when
reading and trying to make sense of problem solutions.

The activity of reviewing and diagnosing a solution that
contains mistakes formerly made by the learner requires
reading and interpreting a possibly deficient textual artifact
from a new perspective. This artifact to some extent rep-
resents the mental model of the student when they first
approached the problem on the quiz. Students might gain a
new perspective on their own prior work merely by asking
themselves reflective questions, in which they try to
clarify what they did and why they did it. Novice students,

however, might need external support in the form of an
instructors’ solved example or a diagnosis rubric that
focuses their attention on possible mistakes.
In the study reported here, we focus on three different

kinds of self-diagnosis tasks. The different activities share
a similar basic structure: students get time and credit for
presenting a diagnosis of their quiz problem solutions.
College students in an introductory physics class are given
their photocopied solutions and asked to identify and circle
where they went wrong and explain the nature of the
mistakes. The tasks vary in the external support (instruc-
tions and resources) students receive. In one task they
receive minimal support—just the final answer to the
problem—and they are allowed to use their notes and
textbooks. In a second task, students diagnose the mistakes
in their solution after the instructor presents on the white-
board an outline of the solution, which is concise and
‘‘product oriented’’ [6], and skips some details of the deri-
vations. The reasoning that underlies various solution steps
is presented orally. Students are also asked to sort their
mistakes according to major problem-solving steps de-
scribed in the research literature [7–9] (e.g., ‘‘description,’’
‘‘plan’’). In a third task they compare their own solution to a
detailed, ‘‘process oriented’’ [6] written solution. The writ-
ten solution is not accompanied by oral explanations and
includes both the reasoning and the detailed calculation.
The problems used in the study resemble to some extent

‘‘context-rich problems’’ [10] in the sense that they are
represented as a story set in a real-world context rather than
in an abstract form and are not broken into subproblems.
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Context-rich problems are suggested in research-based
curricula [10] as an appropriate setting for instruction
that is intended to move students toward more expertlike
problem-solving behavior. These problems are represented
in a way that differs from the more traditional textbook
problems to which the solver might be more accustomed.
Because of this, they prevent students from merely retriev-
ing solutions to similar problems they have coped with in
the past. To solve the problems, students need to sort
through the problem narrativewhile identifying the physics
concepts and principles needed to solve them and explore
alternative solution paths. Thus, these problems provide an
opportunity for reviewing the solution and for reflecting on
and refining the solver’s understanding of the concepts and
principles they have been applying. The self-diagnosis
tasks are designed to verify that students will indeed
make use of this opportunity: students were first asked to
solve the quiz problems and then diagnose their solution.

In this setting we attempt to answer the following
questions:

(1) How well do students self-diagnose and correct
the mistakes in their solutions in different kinds of
self-diagnosis tasks?

(2) What is the effect of students’ self-diagnosis in
different kinds of self-diagnosis tasks on their sub-
sequent problem solving?

Research in the context of studying mistaken solutions
to probability problems indicates that such an activity is
more advantageous for learners with a relatively high level
of knowledge [11]. A solver’s knowledge regarding a
certain set of problems depends on how accustomed they
are to such tasks. Students who have gained expertise in
solving problems characterized by a particular problem
situation encountered several times in the course might
not know how to cope with problem situations that are
less typical.

To determine in what way students’ performance in
self-diagnosis tasks in physics depends on their prior
knowledge, we carried out the study first with an atypical
problem and then with a typical one. A typical problem is
one for which isomorphic problem(s) have been given as
homework and for which the textbook, or the teaching
assistant in the recitation group, presents solutions. An
atypical problem is one for which no isomorphic problem
(s) are given. This paper focuses on students’ self-diagnosis
performance in the atypical problem situation, where they
might be expected to need further support, and in which the
depth of self-diagnosis can prove crucial for transfer.
In a subsequent paper we will present findings regarding
students’ performance on self-diagnosis in a typical
problem situation and discuss the effect that the typicality
of the problem situation has on students’ performance on
self-diagnosis and subsequent transfer.

We first present some background that constitutes the
rationale for developing the self-diagnosis tasks studied

and informs their design. We then describe both the differ-
ent self-diagnosis tasks and the time line for the different
treatment groups in the experimental setup. Before pre-
senting our findings, we describe the special analysis tools
we developed to assess students’ self-diagnosis.

II. BACKGROUND

The idea that learning is promoted by reviewing solu-
tions composed by the learners is common among physics
instructors [12]. It is common practice to tell students that
they should correct their solutions or compare them to a
worked-out example. This idea is supported by research
that compares the learning achieved by experts and novices
from solving problems, either through the problem-solving
process or after the fact when reading a worked-out
example. Instructors suspect, however, that their students
do not necessarily review their solutions in the way they
would expect [12]. This concern is addressed by the
research literature that focuses on formative assessment.

A. Learning through problem solving:
Experts versus novices

Expert problem solving is characterized by a strategic
approach, in which the solver carries out a qualitative
analysis of the situation and develops a plan to solve the
problem [13–16]. The strategic approach enables the solver
to envision the entire problem-solving process while at the
same time focusing on specific decisions that need to be
made at a particular point in the process. Experts are also
recognized by continuous evaluation of their progress [17].
Their problem-solving process is iterative and theymonitor
their progress towards a solution by asking themselves
implicit reflective questions such as, What am I doing?
Why am I doing it? How does this help me? [18].
These questions serve to elaborate the solution between
successive trials. While self-monitoring is directed mainly
towards arriving at a solution, it might also involve self-
diagnosis directed towards more general learning goals,
such as elaborating conceptual understanding. In contrast
to experts, novices often start solving a problem by quickly
choosing an approach and then sticking to that approach
even if it is unfruitful. They are also not likely to evaluate
their final answer. Thus, there is a need to improve novice
students’ knowledge as well as their inclination to evaluate
their progress and elaborate their understanding within the
problem-solving process.
Researchers in physics education have shown that, in

small experimental settings, having students follow an
explicit expertlike problem-solving strategy signifi-
cantly improves their problem-solving performance
[19]. Curriculum developers have adapted materials and
pedagogical techniques shown to be effective in these
experimental settings to realistic classroom settings and
institutional constraints [9,10,20–22]. Many of these in-
structional interventions share the common approach of
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cognitive apprenticeship [23] in which students work
collaboratively or with a computer [24,25], so that they
must externalize and explain their thinking while they
solve a problem. In many of these interventions students
are provided with modeling of a problem-solving strat-
egy that externalizes the implicit problem-solving strat-
egies used by experts, and they are required to use it.
Different strategies may involve similar steps (see
Table I): (1) describe the problem, (2) plan and construct
a solution, (3) check and evaluate the solution. The
cognitive apprenticeship approach aims at mimicking
the culture of expert practice. Accordingly, instructional
interventions aligned with it often make use of realistic
and challenging problems. Arriving at solutions for these
kinds of problems is indeed facilitated by the use of an
expertlike approach [10]. Such strategies have been
shown to improve students’ problem-solving skills (plan-
ning and evaluating rather than searching for the appro-
priate equation without evaluating) as well as their
understanding of physics concepts [9,26,27].

B. Learning from worked-out examples

Worked examples in standard textbooks do not explicitly
justify the transition from step to step [5]. To make sense
of the presented text, students must provide their own
explanations about each component of the solution and the
reasoning underlying the derivation. Content-relevant
articulations that are formulated by students and state
something beyond what the text explicitly states are termed
‘‘self-explanations’’ [5]. Students who self-explain more
were found to learn more, even if their self-explanations
were fragmented and sometimes incorrect. Two central
mechanisms for constructing self-explanations have been
suggested, namely, generation of inferences and self-repair
[28]. In the first mechanism the learner fills in the gaps
in the incomplete text. In the second mechanism the
learner realizes and acknowledges a conflict between their
deficient mental model and the scientific model underlying
the worked example. In other words, learners (a) compare
the worked-out example and their own solution and realize
that there are omissions, i.e., differences that are critical for
finding the right solution, and (b) acknowledge violations,
or conflicts between a text sentence in the worked-out
example and a belief that is embedded in their mental
model. Resolving this conflict allows the solver to repair
the flawed mental model. It was shown that the activity of
self-explanation can be enhanced through interventions
that require students to present their explanations [29,30],

and that encouraging students to provide justifications, in
peer interaction or in human computer interaction, leads to
significant learning gains [31].

C. Supporting learning from problem
solving through formative assessment

One challenge often posed by these approaches is that
the assessment is a traditional one, focused on the product
rather than the process, thus undermining the intended
outcomes. The negative impacts of traditional assessment
include overemphasis on grades and underemphasis on
feedback to promote learning. Thus, traditional assessment
approaches are lacking in formative assessment. Black and
Wiliam [1] suggest that for formative assessment to be
productive, students should be trained in self-assessment
so that they can understand the main purposes of their
learning and thereby grasp what they need to do to succeed.
These authors claim that tests and homework can be in-
valuable guides to learning, but they must be clear and
relevant to learning goals. The feedback should provide
guidance on how to improve, and students must be given
both opportunity and help to work on the improvement.
One such alternative instructional strategy involves self-

correction tasks that are carried out after the solution has
been completed and requires students to submit a corrected
solution. However, in self-correction tasks, as well as in
interaction with peers or a computer, self-diagnosis is
not guaranteed to occur. Students may or may not self-
diagnose the solution, namely, identify where they went
wrong and realize the nature of the mistakes. One instruc-
tional strategy that bypasses this difficulty is to require
students to present a diagnosis (identification and explana-
tion of mistakes) as part of the activity of reviewing their
own solutions. We shall call the tasks involved in such
instructional strategy self-diagnosis tasks. Self-diagnosis
tasks involve an explicit requirement to carry out self-
diagnosis activities when given some feedback on the
solution. A variety of self-diagnosis tasks are reported in
the literature on self-assessment [1–3] and particularly in
physics education [32,33].
Perkins and Swartz [34] define a scale for thinking

processes on the basis of the individual’s awareness of
these processes: (1) an implicit process, in which the
individual is not aware of the thinking process; 2) a
partially explicit process, in which the individual explicitly
identifies the activities (e.g., ‘‘I am making a decision
now’’ or ‘‘I look for evidence’’); (3) a strategic process,
in which the individual plans and carries out an organized
sequence of activities using tools for thinking and decision
making (‘‘this problem is complicated, so I will think of a
simpler one’’); and (4) a reflective process, in which
individuals use critical thinking tools to improve their
thinking. While self-correction tasks or cooperative work
promote mainly the implicit or partially explicit process,
self-diagnosis tasks promote the fourth level, reflective

TABLE I. Distribution of students into control and interven-
tion groups.

Control A’ Intervention B Intervention C Intervention D

Pre 36 students 30 students 28 students 25 students

Post 29 students 18 students 21 students 13 students
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diagnosis. The reflective process refers to what in the
taxonomy of Bloom et al. [35] is termed the skill of
evaluation, and is considered to be the highest order of
learning skills.

Self-diagnosis with the aid of a worked-out example
requires that two textual artifacts be interpreted in parallel:
(a) the student’s possibly deficient textual artifact and
(b) the worked-out example (whether a teaching assistant’s
outline, an instructor’s written example, or the textbook).
While there is a similarity between these two con-
texts, there is also a difference that may change the
characteristics of the learning processes and outcomes. In
self-explaining a worked-out example, someone else has
constructed the artifact that the learner reads. Thus, the text
serves as a mediator between the mental model of the
expert and that of the learner. As a result, there is a need
to negotiate between the mental model of the learner and
the intention of the writer, and this imposes additional
cognitive load. The learners have to relate their own knowl-
edge to the product of a process that has been carried out by
someone else. By contrast, in the context of self-explaining
an artifact produced by the learners, students interact with
the outcomes of processes that they themselves have car-
ried out, and thus they can interpret them more directly.
Another difference has to do with the correctness and
coherence of the artifact. A solution produced by an expert
would be expected to be more correct and coherent than a
solution produced by the student. Combining the two
processes, i.e., interpreting both the worked-out example
and the student-made solution, is extremely demanding.
Accordingly, self-diagnosis tasks need to be accompanied
by varied supports along several dimensions:

(1) Instructions on how to carry out the diagnosis (e.g.,
the level of detail required in laying out possible
deficiencies in a student’s approach towards the
solution and in its implementation; such instructions
might include spoken guidelines, self-diagnosis
rubrics, structure of worked-out example, etc.).

(2) Resources available to the students while they are
diagnosing their solutions (e.g., information pro-
vided about the correct solution, notebooks, and
textbook).

(3) Provision of customized feedback (e.g., diagnostic
information about the solution, provided by the
instructor).

The composition of the above can be used to calibrate
different tasks for different levels of students. Consider, for
example, the case where the resource for diagnosis is a
worked-out example. Research in that context focuses on
making analogies [36–38] and shows that many students
do not know how to use a worked-out example to solve a
transfer problem (i.e., one that is similar in required
general procedure but different in detailed procedures). If
the students’ representation is organized around surface
features [39], this will prevent them from retrieving and

implementing procedures from the worked-out example
[40]. Research has shown [37] that medium- and high-
achieving students benefit most from instruction that
explicitly presents them with both the procedures and
worked-out examples, as opposed to either the worked-
out examples or the principles separately. This finding
suggests guidelines on preparing worked-out examples
that will be useful to students attempting self-diagnosis.

III. EXPERIMENTAL SETUP

The purpose of the experiment was to compare the
learning processes and outcomes in different self-diagnosis
tasks. In each task, students carried out self-correction or
self-diagnosis of their solutions after attempting to solve an
atypical physics problem.

A. Study sample

The study participants were drawn from an introductory
algebra-based physics course for premedical students
(N � 200), with one instructor and two teaching assistants.
The course recitation groups were divided into two control
groups (groups A, A’) and four self-diagnosis intervention
groups (B, B’, C, D). Groups B and B’ were slated to
undergo the same intervention. Duncan analysis was per-
formed on students’ answers to the quiz to determine
which groups were similar. Based on the results showing
that groups A’, B, C, and D were similar (P> 0:05), we
selected these four groups for different treatments, as de-
tailed in the following. One teaching assistant worked with
groups A and B and the other worked with groups C and D.
Each of the intervention groups (groups B, C, and D)

carried out a different self-diagnosis task on the solution of
a problem presented in a quiz during the previous week
(hereafter defined as the ‘‘pre’’ problem). Initial training
was provided using the quiz given in week 5, and the actual
intervention took place using the quizzes given in the 6th
week. At midterm (within 1 week after completion of the
self-diagnosis task) the students were presented with a
transfer problem (defined as the ‘‘post’’ problem), which
was paired to the pre problem. The composition of the
groups remained constant over this period. The post prob-
lem will be further explained later on, but for the moment
we mention that several students who performed the pre
problem did not attempt the post problem. In addition,
some students who attempted the post problem were never-
theless excluded from the analysis of its performance
because of their failure to answer the first part of the post
problem correctly; a correct answer to the first part was a
prerequisite for enabling the rest of the problem to serve as
a transfer problem. Table I shows the distribution of
students into control and intervention groups. Because of
the drop in the number of students who were analyzed for
the posttest, within each group we compared the pretest
scores of students who participated in the posttest and of
those who did not. For this comparison we used the
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Wilcoxon nonparametric test (using Kruskal-Wallis
statistics). No significant differences were found in any
of these comparisons.

B. Interventions and control

Prior to the intervention, the students had become ac-
quainted with context-rich problems (see later for details)
as the type of problem used, since more than half of the
weekly quizzes (12 quizzes altogether) required them to
solve context-rich problems. Also, early in the semester,
instructors had provided students with guidelines for pre-
senting their problem solutions in a manner based on the
steps of a problem-solving strategy [7,8] (see Fig. 1).

Initial training was provided using the quiz given in
week 5. and the actual intervention took place using the
quizzes given in the 6th week (hereafter referred to as
‘‘quiz 6’’). Each intervention group followed a modified
version of the intervention sequence. Students were given a
sample incorrect solution of the ‘‘training problem’’ and
diagnosed it according to their treatment group. Then, the
instructor demonstrated how that incorrect solution should
be diagnosed for the training problem. Table II shows the
sequence followed in all intervention groups.

1. The pre problem

Problem A, used for the first self-diagnosis task in the
6th quiz in the semester, is shown in Fig. 2. This problem is
an atypical one in the course, as it involves a nonequilib-
rium application of Newton’s second law in the context of a
nonuniform circular motion. This is an uncommon ex-
ample of a quiz problem in an algebra-based introductory
physics course. It is a context-rich problem, i.e., it has a
context and motivation connected to reality, with no ex-
plicit cues (e.g., ‘‘apparent weight’’), and contains more
information than needed (e.g., the car’s mass). It requires
the students to analyze the problem statement, determine
which principles of physics are useful and what approx-
imations are needed (e.g., no friction for a smooth track),

FIG. 1. Guidelines for presenting a problem solution according
to a problem-solving strategy.

TABLE II. Experimental sequence. TA refers to the teaching assistant.

Intervention groups

Control group A’ B C D

Initial training Quiz 5 The training follows a modified version of the intervention sequence: Students are given, for

demonstration purposes, an incorrect solution of a ‘‘training problem’’ and diagnose it according

to the procedure specified by their intervention group. Then the TA demonstrates how the

incorrect solution should be diagnosed for the training problem.

Pre Quiz 6 Students solve the quiz problem

Intervention Self-diagnosis

of quiz 6

TA discusses

solution of

the pre problem

TA presents in class an

outline of the solution.

Students self-diagnose

their solutions: circle

mistaken parts, explain,

and sort mistakes in a

self-diagnosis rubric

TA provides a written

worked-out example.

Students self-diagnose

their solutions: they

circle mistaken parts

and explain

the mistakes

Students can use

their notes and

text books. Students

write their

self-diagnosis

Post Midterm Students are given a transfer problem paired to the pre problem

FIG. 2. The pre problem used in a self-diagnosis task.
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and realize which subproblems are needed to solve the
problem.

2. Resources and guidelines for self-diagnosis
in the different groups

In the control group (recitation group A’), the instructor
discussed the problem’s solution with the students in the

recitation following the quiz, but they were not required to
engage in a self-diagnosis task. The instructors in the three
intervention groups (B, C, and D) gave their students a
photocopy of their solutions in the recitation following the
quiz and asked them to diagnose mistakes in their last
week’s quiz solution. Students were credited with 50% of
their original quiz grade for completing the diagnosis.
The credit was effort based. The instructors also moti-
vated them by saying that self-diagnosis would help them
learn.
In intervention group B the instructor discussed an out-

line of the correct solution with the students and they were
required to fill in a self-diagnosis rubric (Fig. 3). The rubric
was designed to direct students’ attention to two possible
types of deficiencies: deficiencies in approaching the
problem in a systematic manner (‘‘general evaluation’’)
and deficiencies in the physics applied. The general evalu-
ation part was intended to direct students’ attention to the
steps in a systematic solution process in which they had
made mistakes, as well as to the presentation of the rea-
soning in a systematic manner.
The rubric structure was designed by teachers who had

participated in a professional development workshop in
which they had customized instructional innovations to
promote self-monitoring in physics problem solving [41].

FIG. 3. Self-diagnosis rubric.

FIG. 4. Worked-out example for the pre problem, aligned with guidelines.
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In intervention group C the students were provided with
a worked-out example (Fig. 4) that the instructor handed
out during the self-diagnosis activity. This solution fol-
lowed the guidelines for presenting a problem solution
(Fig. 2). The students were asked to circle their mistakes
and explain on their photocopied solutions what they had
done wrong in that part.

In intervention group D students received minimal guid-
ance. They were asked to circle their mistakes and explain
on their photocopied solutions what they had done wrong
in that part, aided by their notes and books only, without
being provided with the solution.

3. The post problem

One of the problems that was presented at the midterm
functioned as a post (transfer) problem. This was used to
determine the ability of students to transfer the understand-
ing gained when diagnosing the pre problem in order to
solve a problem in a somewhat similar context (motion
along a vertical circular path in a nonequilibrium situ-
ation). The midterm took place within a week from the
recitation in which students had self-diagnosed their solu-
tions of the pre problem. The post problem is portrayed in
Fig. 5.

Both problems employ the same physical principles, i.e.,
Newton’s second law applied in a nonequilibrium situation
involving centripetal acceleration and conservation of me-
chanical energy (EC). Furthermore, both problems require
recognition of similar target variables (in the form of either
a normal force N or a tension force T) and intermediate
variables (centripetal acceleration ac and velocity v at the
maximum or minimum point on a circular trajectory). The
problems differ in context and also in that in solving
the midterm problem, students must first realize that they
should focus on the lowest point on the circular trajectory.

Table III shows how the midterm problem was designed
to be a transfer problem to the pre problem.

While the post problem employs the same physical
principles and requires recognition of similar intermediate
and target variables as those of the pre problem, it can serve
as a transfer problem to the pre problem only if students

realize, while attempting to solve part (a) of the post
problem, that the tension is greatest at the bottom of
Ryan’s path. Students who failed to answer this part cor-
rectly were excluded from the analysis.

IV. ANALYSIS TOOLS

Analysis of data requires a robust method of grading that
will allow assessment of students’ solutions as well as
students’ self-diagnosis. We developed a scoring rubric
so that only minor changes to its structure will be needed
to adapt the rubric to different kinds of problems.

A. Structure of the rubric

In constructing the rubric, we integrated top-down and
bottom-up approaches [42]. In the top-down approach we
constructed an a priori representation of the ‘‘ideal knowl-
edge’’ underlying an expert approach to the problem and
looked for the extent to which each student’s approach
included certain elements of the ideal knowledge. We
developed a scoring rubric that enabled us to identify the
gap between the student’s knowledge reflected in their
solution and the ideal knowledge needed to solve the
problem appropriately.
In representing the expert ideal knowledge in the rubric,

there were both generic and specific elements to consider.
Specific elements have to dowith the physical principles the
student must invoke and apply in order to solve a specific
problem.Thus,we constructed a ‘‘physics’’ category,which
was divided into two subcategories: invoking the principles
of physics and applying these principles. Taken together,
each row in each subcategory therefore represented every
physical principle that a student would need to invoke and
apply to correctly solve the specific problem.
General elements have to do with the presentation of the

solution, i.e., how well it is communicated and justified. As
students in the course were asked to follow a strategic
problem-solving approach, we considered the solution to
be ‘‘ideally’’ communicated and justified if the student
presented it according to that approach. This approach
can be found in several instruments developed by other
researchers [33,43]. Thus, we constructed in the rubric a
‘‘presentation’’ knowledge category that includes three
subcategories. In the problem description subcategory we
have to judge whether the student has presented a helpful
description of the problem’s situation in terms of physics
concepts and principles, e.g., by drawing a diagram to helpFIG. 5. The post (midterm) problem.

TABLE III. Comparison of pre and post problems. The FBD
column refers to the relative orientations of acting forces in the
free body diagram.

Principles Variables FBD Context Details

Pre EC v " N # Fg Roller coaster # ac " N
Post 2nd law ac N=T " T # Fg Tire swing " ac " N
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visualize the problem. The planning and solution sub-
category requires us to judge whether the student has
constructed a good plan for solving the problem with
regard to the target quantity and intermediate problem
steps needed to obtain this quantity. In the evaluation
subcategory we must determine whether the student has
checked the reasonability of the answer so as to make sure
that the problem has been correctly solved (e.g., units,
limiting cases, etc.). These three presentation subcatego-
ries are essentially general and do not have to be changed
from problem to problem; only the specific criteria based
upon the subcategories need to be changed.

However, to determine how the students are actually
thinking and the possibly incorrect mental models that
they use to solve the problem, a bottom-up approach
must be considered simultaneously. To that end, we went
over students’ work and identified common mistakes in
approaches to solving the problem. We represented these
common approaches in the rubric under ‘‘novice incorrect
ideas.’’ The rubric has additional rows in the physics
subsection that tracks whether a student has invoked an
inappropriate principle that is not applicable to the problem
or has inappropriately applied principles that were cor-
rectly invoked. Such analysis allows us to identify students
who realize that they have made some specific mistake
even though they cannot correct it.

The work of each student was evaluated in three ways.
The first evaluation was done according to the researcher’s
diagnosis of the student’s quiz solution (RDS). The second
evaluation was done according to the student’s self-
diagnosis of their solution (SDS). Here we used the rubric1

to interpret the student’s self-diagnosis. The third evalu-
ation was made according to the researcher’s judgment of
this student’s self-diagnosis (RSD); here we compared the
researchers’ and the student’s diagnosis of the student’s
solution. To represent these three ways, we constructed
three columns in the rubric.

After the categories were coded, each of the three evalu-
ations was scored. In the RDS and the RSD columns, we
assign ‘‘þ’’ if a student performs correctly or identifies a
mistake defined by some subcategory. We assign ‘‘�’’ if
the student performs incorrectly or fails to identify a mis-
take or identifies it incorrectly. Each ‘‘þ’’ is worth 1 point
and each ‘‘�’’ is worth 0. If a student is judged to have
gotten something partially correct, then the grader may
assign þþ =� (i.e., 0.66), þ=� (i.e., 0.5), or þ=��

(i.e., 0.33). We assign the term ‘‘NA’’ if the student could
not reasonably address a subcategory given the prior work
done. In the SDS column, if a student correctly diagnoses a
mistake we assign ‘‘�’’ (since this is the grade the student
gives to their solution). If a student does not refer to a
mistake they have made, we assign ‘‘�,’’ and a 1-point
score is assigned in this category because we assume that
the student treated the mistake as a correct thing to do.
The content validity of the rubric, namely, the extent to

which it allows us to map the student’s solution to the
expert ideal knowledge as well as to the novice incorrect
ideas, was determined by four experts in physics education
who perceived it as measuring an appropriate performance
of the solution and self-diagnosis.
The analysis was done by two researchers, and any

disagreements were discussed and resolved. The inter-rater
reliability achieved was 80% for 20% of the students
graded by both researchers before discussion, and almost
100% after discussion.

B. Scoring rubric for the pre problem

Table IV shows the rubric adapted to the pre problem
(Fig. 2), along with scoring of one student who was as-
signed to intervention group B (outline plus self-diagnosis
rubric provided as scaffolding tools). Figure 6 represents
the student’s solution to the problem and their attempt at
self-diagnosis.
In the following section we explain how the structure of

the rubric explained above is adapted to the pre problem
and demonstrate how we used this rubric to assess
an example of a student solution and self-diagnosis (the
problem used and the question asked are presented in
Fig. 2).
The rubric addresses both the ideal knowledge and the

novice incorrect ideas. Under the heading ‘‘Physics prin-
ciples,’’ the ideal knowledge requires students to under-
stand that the target variable is the normal force the scale
exerts on the girl. To calculate the normal force at point B,
the students will have to define an appropriate system (the
‘‘girl’’) to invoke and apply to it Newton’s second law:

� ~F ¼ m � ~a. They will have to realize that ~F is the net
force (sum of the force of gravity and the normal force). To
calculate the acceleration at this point they will have to
invoke the expression for centripetal acceleration: aR ¼
v2
B=R. The intermediate variable (the speed of the cart at

the top of the circular bump) can be found using the law of
conservation of mechanical energy, PEi þ KEi ¼ PEf þ
KEf, between the point of departure and point B at the top

of the bump (which is justified because all forces doing
work are conservative forces). We found that the common
incorrect ideas in the physics part had to do with defining
the system inappropriately and/or inconsistently, calculat-
ing KE and PE without reference to energy conservation,
calculating Newton’s second law while ignoring the circu-
lar motion or the normal force, and referring to centripetal

1Initially we planned to differentiate, in evaluating this self-
diagnosis, between three levels of diagnosing mistakes in the
physics category: (1) realizing which principles or concepts had
not been invoked or applied correctly, (2) explaining why that
application was wrong, and (3) providing a correction by show-
ing how these principles or concepts could have been applied
correctly. Eventually, we did not apply this differentiation be-
cause it was difficult to differentiate between (1) and (3), and
most students skipped level (2) in their diagnosis.
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force as a physical force; i.e., some students, instead of
perceiving the centripetal force as the radial component of
the net force that brings about the centripetal acceleration,
treated it as a force in its own right, i.e., as if it relates to
some interaction between two objects, whether long-range
interactions (such as gravitational interaction) or contact
interaction (such as normal force). To reflect the ideal
knowledge as well as common incorrect ideas, we identi-
fied two rows in the ‘‘invoking principles’’ section that
allow us to judge whether the student has referred to the
required principles (conservation of mechanical energy

and nonequilibrium application of Newton’s second law
in circular motion) and two corresponding rows in the
‘‘applying principles’’ subcategory to judge whether the
student had applied them correctly. We added a row to
mark whether the student had defined the system appro-
priately. We also added an algebra category to the rubric to
reflect calculation mistakes made during the problem-
solving process, e.g., forgetting a coefficient when
rewriting an equation. As solutions consist of several sub-
problems intended to determine subgoals, it is difficult to
differentiate between ideas that work together to find

TABLE IV. Self-diagnosis grading rubric adapted to pre problem. In italics, grading of an individual student from group B (Fig. 6).
The last three column respectively refer to a researcher diagnosis of student’s solution (RDS), student’s self-diagnosis of solution
(SDS), researcher’s assessment of student’s self-diagnosis (RSD). (NA indicates an item being not applicable.)

General task Specific criteria RDS SDS RSD

Physics principles

Invoking principles 1. Conservation of mechanical energy þ � NA

2. Nonequilibrium applications of Newton’s 2nd law

in centripetal motion (student does not invoke Newton

2nd law)

� � þ

3. Defining the system appropriately and consistently

(student defines the system as the girl plus car rather

than girl)

� � þ

Incorrect ideas: inappropriate principle: ‘‘�’’

marked if inappropriate principle is used in student’s

solution or diagnosis (student uses gravitational law)

� � þ

Applying principles 1. Conservation of

mechanical energy

Incorrect ideas: e.g., calcu-

lation of KE or PE without

energy conservation

� � þ

(etc.)

2. Nonequilibrium

applications of

Newton’s 2nd law

Incorrect ideas: referring to

centripetal force as a physical

force

NA NA NA

Incorrect ideas: ignoring

normal force

� � þ

(etc.)

Algebra Algebraic manipulation þ � NA

Presentation

Description 1. Invokes a visual

representation

FBD, acceleration vector,

axis, defining PE ¼ 0, radius
of the circle

�, �, �, þ, þ �. �, �, �, � þ, �, �, NA, NA

2. Clear or appropriate knowns (student missed some) þþ =� þ þþ =�
Plan or solution con-

struction representing

the problem as a set

of subproblems

1. Appropriate target quantity chosen (student chose

Fg)

� � þ

2. Did not write down surplus equations or inter-

mediate variables (student did not relate the energy to

the gravitational force calculations presented)

� � �

3. Appropriate intermediate variables explicitly stated þ=� þ=� þ
4. Explicitly stating in words or a generic form the

principles used to solve for this intermediate variables

(Not reflected in the student’s solution)

� � �

Evaluation (check) 1. Writing down the units þ=� � þ=�
2. Checking the reasonability of the final answer

(units, limiting cases, etc.)

� � þ
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out some intermediate variables. Accordingly, we did not
allocate a separate subcategory for each concept that the
students had to invoke. Rather, we grouped ideas that are
required within the two major subproblems comprising the
solutions: (a) calculating the normal force at point B using
Newton’s second law and (b) calculating the velocity of the
girl at point B using the law of conservation of mechanical
energy between the point of departure A and point B. In
this way, invoking the expression for centripetal accelera-
tion, or the idea of a net force, was considered within

the row labeled ‘‘Nonequilibrium applications of
Newton’s second law.’’
Under the heading Presentation, the description should

include a visual representation of the forces acting on the
girl at the point where her weight needs to be calculated
(FBD), denoting where PE ¼ 0, the radius of the circle, the
acceleration vector at point B, and definition of the axes.
The students have to write down the known variables such
as the velocities and heights at points A and B. In planning,
an appropriate target quantity (the normal force) and

FIG. 6. Solution and self-diagnosis by a student in group B. Circled number 14 is the student’s code number. Circled numbers 1 and 2
are references labeled in the student’s self-diagnosis. Student’s mistakes are (a) defining the system or mass as the girl plus car rather
than girl, (b) invoking universal gravitational law instead of Newton’s second law to find Fg rather than the normal force, (c) invoking

energy conservation in an incomplete form, (d) using the wrong height in calculating the potential energy, (e) regarding presentation,
the student did not provide explicit subproblems and did not check their answer. Self-diagnosis: The student marks two mistakes on the
solution sheet: (1) invoking the gravitational universal law, (2) defining the system or mass as the girl plus car rather than girl. In the
self-diagnosis text the student refers to the following: (a) the student was not looking for the normal force (target variable) and how it
should be calculated, the student notices they did not sketch a free-body diagram; (b) the student states they needed to use EC law, and
how it should have been applied; c) regarding presentation, they realize they did not write the steps taken in order to solve the problem,
and did not check the answer.
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intermediate variables (speed and acceleration at point B)
must be mentioned. In evaluation the student needs to
show that the reasonability of the answer was checked.

Table IV shows that a student from group B, whose
solution and self-diagnosis are presented in Fig. 6, invoked
conservation of energy during the original quiz and there-
fore did not address it during self-diagnosis. In the re-
searcher’s judgment column (RSD), ‘‘NA’’ would then be
entered. This student did not invoke Newton’s second law,
and was therefore assigned ‘‘�’’ in the RDS column.
However, the student self-diagnosed this problem, and
was therefore assigned ‘‘�’’ in the SDS column (since
SDS is the grade the students would give their own solu-
tions as measured by their self-diagnosis) and ‘‘þ’’ in the
RSD column for diagnosing the problem.

Table V displays how the grades given in Table IV are
interpreted as an overall grade, i.e., the average of all
possible criteria that the student correctly addressed.
Thus, scores range between 0 and 1. Note that under
Presentation we initially graded each part separately (i.e.,
description, planning, and evaluation), and then averaged
those grades. In the Physics principles part we calculated a
regular average, which did not, however, include the alge-
braic manipulation.

V. HYPOTHESIS

Before describing the findings, we present our hypothe-
sis regarding the effects of the various interventions. We
expect the various interventions to differ in their impact
(a) on the average self-diagnosis grade and consequently
on the post (transfer) problem grade in the different
groups and (b) on the gap between low-achieving and
high-achieving students in the different groups, as mea-
sured by the correlations between the pre problem, the
self-diagnosis (SD), and the post problem grades within
groups.

We expect the effect to manifest itself in the physics
principles aspect rather than in presentation, since present-
ing a solution in an organized and planned manner reflects
an approach to communication that we believe is built over
time. On the other hand, it has been shown that even a
singular self-diagnosis exercise can improve the physics
understanding, as students need to realize how they
have misapplied specific concepts or principles [44].
Intervening once or twice is not sufficient to change a
habit. Moreover, many teachers do not insist that their
students present the solution in an organized way, so the

students do not perceive presentation as a learning goal.
Therefore, we would not expect the self-diagnosis of the
presentation part in the pre problem to affect the presenta-
tion part in the post problem.
Hereafter we will refer only to the physics principles

aspect. We expect that the greater the external support, the
better the average self-diagnosis performance will be, and
consequently the better the outcome will be in solving the
post problem. This means that we expect group B (which
received the most support) to self-diagnose better and then
do better on the transfer problem, and group D (which
received the least support) to achieve the least in self-
diagnosis and hence on the transfer problem.
We expect that the greater the external support, the more

‘‘meaningful’’2 the intervention will be in the sense that it
will help the lower-achieving students to perform a mean-
ingful diagnosis of their mistakes that will influence their
achievement later on. Hence, we expect, in the case of the
meaningful intervention, a positive correlation between
the self-diagnosis and the post problem. We expect that if
the low achievers improve and reduce the gap between
them and the better students, the correlation between the
pre problem and its self-diagnosis will be insignificant; this
also implies that we will expect insignificant correlations
between the pre and post problems, since the formerly
weak students will improve if they have actually learned
from the self-diagnosis.
Where there is less external support we expect the

intervention to be ‘‘weak’’ in the sense that it will not
reduce the gap between low and high achievers. While
allowing the high-achieving students to display their natu-
ral diagnostic tendency, it will not aid the low achievers to
reflect on and diagnose their solutions. We therefore expect
positive correlations between the pre problem and its self-
diagnosis, between the pre and post problems, and between
the self-diagnosis and post problems.
For the control group (A’), we expect to obtain posi-

tive correlations between the pre and the post problem,
since there will be no intervention aimed at reducing
the gaps between the low and high achievers. Our
within-group correlation expectations are summarized
in Table VI.
We also look at the possibility of a ‘‘superficial’’ inter-

vention, i.e., one in which the diagnosis is not meaningful;
students do not firm up their knowledge by doing the
diagnosis and their achievement on transfer problems is
not affected. This might happen if students, despite realiz-
ing that relevant principles or concepts were not invoked or
applied correctly during the self-diagnosis, do not make an

TABLE V. Final sample grades of an individual student.

Category Grading

RDS Physics score, 0.17; presentation score, 0.27

SDS Physics score, 0.17; presentation score, 0.65

RSD Physics score, 1.00; presentation score, 0.54

2Research shows that successful problem solvers provide more
and better self-explanations when studying worked-out ex-
amples. Accordingly, we expect high-performing students to
generate better self-diagnoses under conditions of minimal in-
tervention. The term ‘‘meaningful’’ is used to suggest greater
benefit.
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effort to repair their knowledge structure and understand
what was wrong with the way the principles or concepts
were applied. If students do not provide such explanations,
the self-diagnosis grade in itself does not indicate whether
the diagnosis was accompanied by a superficial or a mean-
ingful learning process. In the case of a superficial inter-
vention, we expect insignificant correlation between initial
performance and self-diagnosis on the pre problem as well
as between the self-diagnosis and the post problem, since
this self-diagnosis does not allow for transfer to occur and
manifest itself in students’ performance on the post prob-
lem. Accordingly, we expect correlations between the pre
and the post problem to be positive in this case, since the
situation is the same as if the students have not engaged in
self-diagnosis themselves.

Another possibility is that simply engaging in self-
diagnosis, even if the student does not articulate their
self-diagnosis very well, is enough to be helpful to the
student; thus, the intervention is meaningful. In this case
we expect insignificant correlations between initial per-
formance on the pre problem and the self-diagnosis, be-
tween the self-diagnosis and the post problem, and
between the pre and post problem. If the intervention
was indeed meaningful, we expect that the average gain
from pre to post in the intervention group would be sig-
nificantly higher than in the control group.

VI. FINDINGS

In describing our findings, we first show the achieve-
ments in the physics principles part: in the pre (quiz 6)
self-diagnosis and then in the post (transfer) problem at
midterm. We compare the groups’ averages and then the
correlations within the groups. We then follow the same
procedure in describing the Presentation results.

A. Physics principles aspect—Group averages

1. Performance on the pre problem

The basis for the self-diagnosis is the student’s own
solution, so if a student had solved the problem correctly,
self-diagnosis of mistakes would not be required. However,
as shown in Table VII, the mean physics grades for the pre-
problem in all intervention groups were low. Evidently, the
problem was sufficiently challenging that all of these
students made some mistakes.

2. Performance on the self-diagnosis
done on the pre problem

The self-diagnosis grades for the physics principles
part are presented in Table VIII. For the physics self-
diagnosis part, analysis of variance (ANOVA) revealed
significant differences between all the groups (P<
0:0001): group B did the best, while group D did the
worst (Tables VIII and IX). This result is in line with our
hypothesis, i.e., the greater the external support the better
the self-diagnosis, as group B received the maximum
support. The teaching assistant’s outline provided this
group with a solution to the problem while still requiring
thought by the students in examining the details.
Moreover, the self-diagnosis rubric given to students in
this group provided structure to help them understand
what was needed. Group D, in which the intervention
simulated the common diagnostic context in which stu-
dents refer to the answer in the back of the book and
search their books and notes, received the least support.
Table IX presents a more detailed analysis of students’

performance of the self-diagnosis of the pre problem. The
table shows how well students were able to diagnose
deficiencies they had made both in invoking the correct
physics principles and in applying them. We focus on the

TABLE VI. Expected correlations within groups regarding the physics principles aspect of the physics section of the rubric (NA
indicates an item being not applicable; NS, nonsignificant difference; NS*, nonsignificant difference due to low achievers reducing the
gap between themselves and high achievers).

Intervention

Control Weak Superficial Meaningful

Pre versus self-diagnosis correlation NA Positive NS (P > 0:05) NS* (P> 0:05)
Self-diagnosis versus post correlation NA Positive NS (P > 0:05) Positive or NS

Pre versus post correlation Positive Positive Positive NS* (P> 0:05)
Difference in average gain (post versus pre) between

intervention and control groups

NS NS Significantly higher

TABLE VII. Average physics grades (normalized to 1) for pre solutions for the different groups.

Intervention group B Intervention group C Intervention Group D

Control group A’ Solution outline, rubric Worked-out example Notes and text books

Mean 0.33 0.37 0.36 0.45

Standard error 0.04 0.04 0.04 0.04
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most common deficiencies in both of these subcategories.
In particular, many students overlooked conservation of
energy and only addressed the application of Newton’s
second law (see Table IV, which records the principles
needed to solve the problem).

In Table IX, ‘‘Total’’ refers to the overall percentages of
students who had mistakes in their pre problem in a given
subcategory: þ refers to those overall percentages of stu-
dents who made a correct diagnosis (e.g., 50% of the 39%
of students in group B who made mistakes in invoking the
physics principle self-diagnosed it correctly); likewise,
þ=� refers to the percentages who made a partially correct
diagnosis; and � refers to the percentages who made no
diagnosis. Most of the students who had not invoked
conservation of energy in their solution were able to self-
diagnose this deficiency, either completely (about half in
each of groups B and C and one-third in group D) or
partially (about half). Those students who invoked
Newton’s second law but made mistakes in applying it
did worse: in groups B, C, and D, respectively, no more
than 25%, 20%, and 4% of those who made mistakes in
application were able to self-diagnose them completely.

In Figs. 6–8 we present the self-diagnoses made by
students from groups B, D, and C, respectively.

The self-diagnoses of the students in Figs. 7(b) and 8 are
circled with dots. These cases were chosen as they repre-
sent the common mistakes. Figure 6 (shown earlier, in
Sec. IVB) and Figs. 7 and 8 demonstrate the differences
in self-diagnosis between the different intervention groups.
The self-diagnosis made by the student in group B (Fig. 6)
is much more detailed, especially in mentioning missing
things in the presentation of the solution, such as not
having a free-body diagram, not checking the answer,
and not finding the correct target variable. None of this is
mentioned in the self-diagnosis attempts of the students
from group C [Fig. 7(b)] or D (Fig. 8), i.e., from groups that
had not been provided with a self-diagnosis rubric.

We can also see the differences between diagnosing
errors in ‘‘invoking’’ and in ‘‘applying’’ of physics prin-
ciples. None of the three students invoked EC, but they all
diagnosed this deficiency. On the other hand, the student in
group D applied Newton’s second law incorrectly and did
not diagnose her deficient application of this law, in con-
trast to the student from group C, who did diagnose a
similar application deficiency.

3. Performance on the post problem

We now address the effect of students’ self-diagnosis on
solving the post problems in the different intervention
groups. According to our hypothesis, group B, which
received the most support, will self-diagnose best and
will then do best on the post problem, while group D,
who received the least support, will achieve the least in
the self-diagnosis and hence on the post problem. The
actual achievements in the post problem are recorded in
Table X, which presents the physics grades for all groups at
the midterm. The table shows that the physics grades for all
groups were poor, and ANOVA showed that groups did not
differ significantly from each other (P> 0:05).

B. Physics principles aspect—Correlations
within groups

Next, we consider our hypothesis regarding the extent to
which the interventions are meaningful. Table XI presents
the correlations between pre and post performance and
between self-diagnosis and post performance.
In line with our hypothesis (see expected correlations

within groups presented in Table VI), the findings shown in
Table XI could not be matched to the weak, the superficial,
or the meaningful intervention (Table XII). Thus, as shown
in Table XII, we found a correlation between pre and post
performances in the control group A’, but not in the inter-
vention groups B, C, or D (Table XII). These results
suggest that the interventions were meaningful, since the
distribution in students’ grades in the pre problem was not
carried over to the grades on the post problem.
If the intervention was indeed meaningful, the nonsigni-

ficant correlation in the intervention groups can be as-
sumed to be due to low-achieving students performing
relatively better on the post than on the pre problem. To
examine this hypothesis we compared the performance of

TABLE IX. Analysis of self-diagnosis subcategories.

Subcategory

Group Invoking energy conservation Applying nonequilibrium applications of Newton’s 2nd law

Diagnosis performance þ þ=� � Total þ þ=� � Total

Group B 6 (50%) 6 (50%) 0 12=31 (39%) 6 (25%) 17 (71%) 1(4%) 24=31 (77%)

Group C 11 (52%) 9 (42%) 1 (5%) 21=28 (75%) 4 (20%) 13 (65%) 3 (15%) 20=28 (70%)

Group D 3 (30%) 4 (40%) 3 (30%) 10=25 (40%) 1 (4%) 14 (56%) 10 (40%) 25=25 (100%)

TABLE VIII. Average physics grades (normalized to 1) for
self-diagnosis of the pre quiz 7 solutions.

Group B Group C Group D

Mean 0.74 0.56 0.22

Standard error 0.05 0.06 0.05
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students whose pre grade was above the median of the
whole group to the performance of students whose pre
grade was below the median. We found that in group A
the average performance of students whose pre grade was

above the median (0.59) was indeed significantly higher
than that of the students whose pre grade was below the
median (0.37) (P< 0:01). For all other groups this differ-
ence between pre and post achievement was not signifi-
cant; i.e., the low achievers had managed to reduce the gap
between them and the better students.
Nevertheless, ANOVA showed that the differences in

average gain between the four groups were not significant.
Also not significant was the correlation between the aver-
age self-diagnosis grade and the average post grade in each
group, suggesting that the intervention was only a super-
ficial one, since it did not help those who self-diagnosed
better to succeed better on the post problem.
The problem can be demonstrated visually by examining

the work of two students. Both achieved relatively good
grades in their self-diagnosis but had different results on
the post problem. Figure 8 showed an example of a student
whose grade was poor on the pre problem. Figure 9 seems
to show that the student did not learn from his self-
diagnosis; he performed poorly on the post problem even
though his self-diagnosis performance had been relatively
good.

FIG. 7. (a) Pre problem solution by a student in group C.
Mistakes: (1) the masses of the girl and the car are taken together
as the relevant mass of the system, (2) use of kinematics instead
of EC, (3) Newton’s 2nd law is incorrectly applied (wrong
signs), (4) the target variable is defined as a new mass, which
is yielded from FN ¼ mg, and (5) the student does not justify his
choices. (b) Self-diagnosis attempt by the same student.
References to mistakes cited in (a) are (2) the EC, ‘‘should
have used EC instead of kinematics,’’ and shows the correct
formula for EC, and (3) the mistake in signs is addressed,
‘‘I should have subtracted FC from FN instead of adding.’’
The wrong formula FN ¼ mg is not mentioned.

FIG. 8. Pre problem solution and self-diagnosis by a student in
group D. Mistakes are (a) use of kinematics instead of energy
conservation (EC), (b) wrong signs in Newton’s 2nd law. In the
self-diagnosis, the student (a) refers to the fact that she had used
kinematics instead of EC, and describes in words how EC should
have been applied.

TABLE X. Average physics grades (normalized to 1) for post
solutions for the different groups.

Group A’ Group B Group C Group D

Mean 0.46 0.53 0.35 0.51

Standard error 0.04 0.06 0.05 0.05
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A different picture is presented in Fig. 10, which shows
an example of a student who seems to have learned from
his self-diagnosis. Whereas his grade on the pre problem
solution had been poor [Fig. 10(a)], he had performed
relatively well on the self-diagnosis [Fig. 10(b)] and per-
formed well on the post problem solution [Fig. 10(c)].
Thus, the two students whose work is shown in Figs. 9
and 10 had obtained poor grades in the pre problem and
relatively good grades in their self-diagnoses, but different
grades in their post problem scores at midterm. One pos-
sible explanation for this result is that the self-diagnosis
grade does not reflect how focused the students were on
learning when they had diagnosed their solutions. Thus, a

similar self-diagnosis grade could represent not only stu-
dents who had gone through a meaningful learning process
in which they explained their mistakes to themselves, but
also those who had gone through a superficial learning
process in which they had merely identified their mistakes
without thinking about what caused them.

C. Presentation aspect

Presentation grades for the pre (quiz 6 problem) per-
formance, as shown in Table XIII, are quite similar across
different groups.
The self-diagnosis grades for presentation are presented

in Table XIV. ANOVA shows that these grades are about
the same for groups C and D and significantly better for
group B (P< 0:0001). This may be explained by the
support that group B had received, since the rubric they
needed to fill out in order to diagnose had specifically
referred to presentation issues. Thus, modeling of a well-
presented solution had not sufficed to make students aware
of deficiencies in presentation of the solution. Only the
explicit requirement in a rubric (given to group B during
self-diagnosis) had enabled students to recognize such
deficiencies. This means that students did not pay attention
to the presentation in the diagnosis unless instructed to do
so, as with group B. For that reason, even those students
who did poorly in the presentation had done even worse in
realizing that they had done poorly.
Table XV records the mean presentation grades for all

groups on the post problem. ANOVA showed that differ-
ences between the groups were not significant (P> 0:05).
Intervention had no effect on the presentation performance,
even though group B had done better on the self-diagnosis

TABLE XI. Correlations between pre and self-diagnosis scores, between self-diagnosis and post scores, and between pre and post
scores—physics aspect.

Pre versus self-diagnosis Correlation Not applicable �0:04 0.06 �0:38
P value 0.83 0.77 0.06

Self-diagnosis versus post Correlation Not applicable 0.35 0.14 0.11

P value 0.16 0.55 0.71

Pre versus post Correlation 0.41 0.14 0.25 0.16

P value 0.03 0.57 0.26 0.61

FIG. 9. Post problem solution by a student from group C.
Mistakes: (a) Newton’s 2nd law, though invoked, is incorrectly
applied, (b) incorrect height is used in establishing PE, while on
the quiz he did not invoke EC. In his self-diagnosis the student
had referred to the lack of EC—‘‘I should have used EC instead
of kinematics’’—and had showed the correct formula for EC. He
had also, in his self-diagnosis, corrected the wrong application of
Newton’s 2nd law—‘‘I should have subtracted FC from FN .’’

TABLE XII. Conflict between actual and expected correlations. (NA indictes an item being not applicable; NS, nonsignificant
difference; NS*, nonsignificant difference due to low achievers reducing the gap between themselves and high achievers.) The
checkmark stands for expected correlations that were confirmed by the analysis, and the X stands for expected correlations that were
not confirmed by the analysis.

Intervention

Control Weak Superficial Meaningful

Pre versus self-diagnosis correlation NA X positive
p

NS (P > 0:05)
p

NS* (P > 0:05)
Self-diagnosis versus post correlation NA X positive

p
NS (P > 0:05) X Positive or

p
NS

Pre versus post correlation
p

positive X positive X positive
p

NS* (P > 0:05)
Difference in average gain (post versus pre) between

intervention and control groups

NA
p

NS
p

NS X Significantly higher
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exercise. We suspect that presentation was something that
the students did not consider important; therefore, their
self-diagnosis of deficiencies in it had not affected their
achievements in the post problem.

Table XVI presents the correlations within groups for
presentation. There are no correlations between the post
problem grades and self-diagnosis grades for all interven-
tion groups.

Since groupB students fared as poorly as the other groups
with regard to the average presentation grade on the post
problem despite their better performance on presentation
self-diagnosis, we must consider the possibility that this
was attributable to the ‘‘one-time’’ nature of the interven-
tion. Presentation guidelineswere provided at the beginning
of the experiment and were not repeated in other instruc-
tional contexts. Given the time constraints of teaching

FIG. 10. (a) Pre problem attempt by another student from group C. Mistakes: (1) kinematics are used instead of energy conservation,
(2) FN is equated to FC, (3) the target variable is identified as a new mass yielded from FN ¼ mg. (b) Self-diagnosis attempt by the
same student. References to mistakes cited in (a) are (1) refers to the problem in invoking EC, ‘‘To find vb, use EA ¼ EB,’’ and shows
how to use EC, (2) corrects the incorrect application of Newton’s 2nd law and writes the correct description of the law, (3) identifies the
incorrect target variable and isolates FN as the correct one. Note that the previous error of finding a new mass is not erased. (c) This
student’s attempt on the midterm (post) problem. The wrong height is used in addressing the potential energy of the system, but there is
an improvement relative to the errors described in (a), as follows: (1) energy conservation is used correctly, (2) Newton’s 2nd law is
addressed more properly, and (3) the target variable is properly identified. Here, the force of tension on the rope is analogous to the
normal force in the quiz problem.
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assistants in a large college classroom, students did not
receive good feedback on their performance in the diagnosis.
Moreover, the course was not directed in other ways towards
teaching students to provide well-presented reasoning in
their solutions. It would be of interest to examine whether
applying the intervention consistently throughout the semes-
ter would help develop presentation skills.

VII. DISCUSSION

In this study we compared the learning processes and
outcomes in four groups of students. Three were interven-
tion groups, in which the students carried out self-
diagnosis tasks on their solutions after attempting to solve
a physics problem. The interventions differed in the
resources and instructions that the students received.
Students in a control group carried out no self-diagnosis
tasks after attempting to solve the problem but were
presented with worked-out example and common mis-
takes by the teaching assistant. The focus in this study
was on the context of an atypical problem situation in an
algebra-based introductory physics course dealing with
Newton’s second law in a vertical circular motion.

The first research question was, How well do students
self-diagnose their solutions in the different interventions?
We found that self-diagnosis performances tended to be
incomplete. Students were better at realizing deficiencies
in their solutions with regard to invoking rather than to
applying the physics principles. Students who had failed to
invoke some principles could easily diagnose such defi-
ciencies. In contrast, students had trouble diagnosing their
deficiencies in applying the physics principles. A compari-
son of the average self-diagnosis grades of the different
groups shows that providing students with a self-diagnosis
rubric or a detailed model solution improved their self-
diagnosis of the physics underlying the solution.
Students’ performances on diagnosing the presentation

of the solution tended to be poor. The worked-out example
emphasized its presentation according to guidelines aligned
with problem-solving strategies (Fig. 1). Yet, even the
modeling of a well-presented solution (given to group C)
did not suffice to bring those students to recognize deficien-
cies in their presentations. Only the explicit requirement
specified by the self-diagnosis rubric given to groupBmade
those students acknowledge their deficiencies to some ex-
tent, mainly in the planning and checking subcategories.
The second research question was, What is the effect

of students’ self-diagnosis on subsequent problem solving
in the different intervention groups? We found that,
whereas the external support made a difference to the
self-diagnosis, it was not correlated with performance on
the post problem. In particular, students who scored higher
on self-diagnosis did not score higher on the post problem.
Moreover, there was no within-group correlation between
the self-diagnosis physics grades and the midterm physics
grades for any of the groups.
The post problem was designed as a transfer problem in

that it was similar in general procedure to the pre problem,
but differed in detailed procedures. However, in agreement
with the findings of an independent categorization study
[44], a majority of students at the introductory level did not
associate the two problems as belonging to the same
category. Thus, students did not recognize the analogous
general procedure underlying both problems. The inter-
ventions provided students with an opportunity to study
the quiz problem deeply. Thus, they could recognize the
underlying general procedure needed to solve the problem
and later transfer what they had learned in studying the pre

TABLE XIII. Average group presentation grades for pre prob-
lem solution.

Group A’ Group B Group C Group D

Mean 0.33 0.40 0.37 0.35

Standard error 0.02 0.03 0.02 0.02

TABLE XIV. Average group presentation grades for self-
diagnosis of the pre problem.

Group B Group C Group D

Mean 0.42 0.10 0.12

Standard error 0.03 0.02 0.02

TABLE XV. Average group presentation grades for post prob-
lem.

Group A’ Group B Group C Group D

Mean 0.42 0.44 0.42 0.47

Standard error 0.02 0.02 0.03 0.03

TABLE XVI. Within-group correlations—Presentation aspect.

Group A’ Group B Group C Group D

Pre versus self-diagnosis Correlation Not applicable 0.28 0.32 �0:02

P value 0.13 0.09 0.94

Self-diagnosis versus post Correlation Not applicable �0:21 �0:16 0.08

P value 0.41 0.48 0.79

Pre versus post Correlation 0.05 0.14 0.07 0.38

P value 0.79 0.57 0.76 0.20
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problem to the post problem. Our finding that students’
self-diagnosis performance did not correlate with their
performance on the post problem suggests that this inter-
vention did not suffice to make students recognize the
underlying general procedure. This conclusion is strength-
ened by the fact that ANOVA revealed nonsignificant
differences in the average gains between the four groups,
meaning that the average gains in the three intervention
groups were not significantly higher than that of the control
group.

However, whereas in the control group we found a
correlation between the average physics grades for the
pre and the post problems, no such correlation was found
in the intervention groups. This implies that the interven-
tion might have helped the lower-achieving students to
reduce the gap between themselves and the better students.

One possible explanation for this lack of consistency in
the findings is that the analysis rubric we devised for grad-
ing students’ self-diagnosis performance did not differen-
tiate between a meaningful self-diagnosis, which would
lead to self-repair of students’ mental models, and a super-
ficial self-diagnosis, which would not. For a self-repair [28]
process to take place, students need to realize differences
between their solution and the instructor’s solution that are
of relevance for finding the right solution, and must also
acknowledge conflicts between the beliefs underlying
their solution and the scientific model underlying the
worked example. If students realize, while engaged in
self-diagnosis, that certain principles or concepts were not
invoked or applied correctly, but do not provide further
explanation regarding the nature of the conflict between
their thinking and the scientific model underlying the in-
structor’s solution, then the researcher cannot tell from their
self-diagnosis grade if the learning process that accompa-
nied the diagnosis was meaningful or superficial.

Thus, the better average grades for self-diagnosis
achieved by groups B and C than those obtained by the
others might be explained by the ease with which students
from groups B and C were able to compare the instructor’s

solution with their solution and realize that they differed in
the principles that should have been invoked. Group D
students were unable to do so since solved problems that
would be similar to those in the quiz, i.e., the pre problem,
did not appear in their textbooks.
There are two ways in which the analysis of students’

self-diagnosis might be improved.
(1) Change the diagnosis instructions to better explicate

the nature of the conflict between the student’s
solution and the scientific model. For example, in-
clude generalization instructions such as ‘‘Learn
from your mistakes by generalizing beyond the
specific problem’’ [33], or ask students to devise
‘‘warning signs’’ that will prevent them from repeat-
ing similar mistakes in the future [45].

(2) Change the self-diagnosis rubric so that students not
only recognize differences between their solutions
and the instructor’s, but also go beyond that to
acknowledge conflicts.

Our results suggest the there is a need for further study
of self-diagnosis tasks. In a companion paper (Ref. [46])
we will compare students’ self-diagnosis performance in a
typical and an atypical problem situation. The findings of
such a study would be expected to shed light on how
students’ performances in self-diagnosis tasks depend on
their prior knowledge.
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