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Abstract—Context: Existing tools for detecting eager tests
produce many false positives, rendering them unreliable for
practitioners. To address this, our previous work introduced a
novel definition of the Eager Test smell and a heuristic for more
effective identification. Comparing the heuristic’s results with
existing detection rules revealed eight test patterns where the
rules misclassified the presence or absence of eager tests.

Objective: We aim to gather practitioners’ feedback on our
heuristic’s assessment of these eight test patterns and operational-
ize the heuristic in a tool we named EagerID.

Method: We conducted a survey to collect practitioners’
feedback on the eight identified test patterns and developed
EagerID to detect eager tests in Java unit test cases using JUnit.
We also preliminarily evaluated EagerID on 300 test cases, which
were manually analyzed in our previous study.

Results: Our survey received 23 responses from practitioners
with a wide range of experience. We found that most practition-
ers agreed with the assessment of our heuristic. Furthermore,
the preliminary evaluation of EagerID returned high precision
(100%), recall (91.76%), and F-Score (95.70%).

Conclusion: Our survey findings highlight the practical rele-
vance of the heuristic. The preliminary evaluation of the EagerID
tool confirmed the heuristic’s potential for automation. These
findings suggest that the heuristic provides a solid foundation
for both manual and automated detection.

Index Terms—Software testing, Test case quality, Test suite
quality, Quality assurance, Test smells, Unit testing, Eager Test,
Detection tool, Java, JUnit

I. INTRODUCTION

Test smells are signs of problems in test code [1]. The Eager
Test smell has been intensively studied in the literature [2]-[7]
and has been originally defined as “when a test method checks
several methods of the object to be tested” [1] or when “a test
verifies too much functionality” [8].

The original definitions of the Eager Test smell are rather
generic, leaving them open to varying interpretations. Our
literature review [9] revealed that researchers have developed
differing interpretations of these definitions, leading to the cre-
ation of various detection rules. Most of these interpreted def-
initions focus on the number of method invocations, deviating
from the essence of the original definitions, which emphasize
the verification of multiple methods or functionalities. Despite
this misalignment, the method-invocation count has become
a guiding principle for establishing most detection rules and
validating their outcomes.

To address the ambiguity of the original definitions of the
Eager Test smell, in our previous work [9], we proposed a
novel, more precise definition, that is “a test case is NOT an

eager test when all of its assertions assess the outcome of
a single method call of the class under test (CUT)”. We then
introduced a heuristic to operationalize the proposed definition.
By manually assessing 300 unit test cases written in Java, we
identified a set of eager and non-eager test patterns that can be
detected by our heuristic but not by the existing rules. In other
words, these patterns characterize how our heuristic differs in
the detection of Eager Tests from the existing rules.

Through a survey, we collect practitioners’ feedback on
these patterns to assess the validity of our heuristic’s verdicts.
Furthermore, their feedback helps us to understand the extent
to which the heuristic can address practitioners’ concerns
regarding the accuracy of the Eager Test detection in practice.
We also develop a prototype tool to demonstrate the feasibility
of operationalizing the heuristic in real-world settings.

Overall, the contributions of this study include the follow-
ing:

« The validation of the heuristic through practitioner feed-

back;

« An early-stage prototype of an automated detection tool.

II. RELATED WORK

Tufano et al. [4] interviewed 19 practitioners and found
that most were unaware of test smells, highlighting the need
for automated detection tools. Schvarcbacher et al. [10] used
TsDetect [11] and surveyed practitioners about the severity
and refactoring of the identified test smell instances. They
found practitioners hesitated to refactor even severe smells.
Silva Junior et al. [12] identified that improper practices lead
to test smell introduction during test creation and execution.
Interestingly, experienced professionals were not less prone to
introducing test smells than novices.

Campos et al. [13] used JNose [14] to collect test smells and
asked developers about refactoring them. Although severity
ratings were low, developers acknowledged test smells as
harmful. Damasceno et al. [15] also used JNose, trained
practitioners on test smell definitions, and found Eager Test
to be among the most critical. Santana et al. [16] surveyed
practitioners and identified the most frequently introduced test
smells (e.g., Assertion Roulette) and the most severe ones (e.g.,
Conditional Logic Test).

Spadini et al. [17] conducted a study most related to ours,
using TsDetect [11] and introducing severity thresholds for
test smells. They found detection rules for some smells too
strict but their thresholds aligned with practitioner perceptions.



Unlike their work, we study multiple detection rules and
investigate misalignment among them.

Overall, we have seen several studies that explored test
smells by leveraging detection rules and tools, analyzing the
test smells’ severity, and surveying practitioners about their
impact. However, we found no studies investigating whether
practitioners agreed with the assessments of these rules and
tools or whether the interpreted definitions and corresponding
detection rules align with practitioner perceptions.

III. METHODOLOGY

The study aims to (1) gather practitioners’ feedback on
our heuristic’s results for eight patterns of eager and non-
eager tests it detects but existing rules miss, and (2) assess its
automation potential. These patterns and rules were identified
in our previous study [9], which analyzed 300 test cases to
assess the agreement between our heuristic and existing rules.
In this paper, fest pattern refers to structural characteristics of
unit tests for distinguishing eager and non-eager tests, differing
from Binder’s Testing Object-Oriented Systems [18], where it
denotes a test design technique.

To achieve these main goals, we aim to answer the following
research questions:

RQ 1. To what extent do practitioners agree with the outcome
of our heuristic on the eight patterns of eager and non-
eager tests?

RQ 2. To what extent can the proposed heuristic be auto-
mated?

We conducted a survey to answer RQ1 and implemented
an eager test detection tool, namely EagerID based on the
proposed heuristic to answer RQ?2.

A. Survey design

In this section, we first explain how we selected the existing
detection rules, test patterns, and test cases to build the survey
questionnaire, followed by describing how we conducted the
survey. The survey instrument is available at https://figshare.
com/s/c7fcc8ac4d607c87dall.

1) Detection rules and test patterns selection: Table 1
and Table II present the selected rules for comparison with
our heuristic and the patterns of eager and non-eager tests
that our heuristic does not agree with the selected rules,
respectively. These rules and patterns were identified in our
previous study [9].

It is worth emphasizing that the test patterns are presented to
highlight the disagreement between our heuristic and existing
rules. Therefore, Table II does not present rules when they
align with our heuristic. Also, certain test patterns may require
further details so that their test cases can be classified by
rules other than those listed in the table. For instance, under
rule DR3, whether a test case following test pattern TP2 is
considered eager depends on how the non-assert and assert
statements are grouped within the test case.

TABLE I
OUR EAGER TEST DEFINITION AND DETECTION RULES FROM THE
LITERATURE TO COMPARE WITH OUR HEURISTIC

ID Description Ref

Our A test case is NOT an eager test when all of its

eager test  assertions assess the outcome of a single method call  [9]

definition  of the CUT

DRI1 At least 2 method calls from CUT in a test case
(excluding constructor). [19]

DR2.1 At least 3 PTMI in a test case (excluding constructor,
considering only methods from CUT). [20]

DR2.2 At least 5 PTMI in a test case (excluding constructor,
considering only methods from CUT). [11]

DR2.3 At least 5 PTMI in a test case (excluding constructor,
considering only methods from production code (code  [2]
developed by the project team that will end up in the
released product)).

DR3 At least two cycles of non-verification instructions
followed by verification instructions [21]

DR4 At least 2 assertions in a test case and at least one

assertion is not on the result of a get method (no
definition of get methods).

[22]

CUT: Class under test, PTMI: Production type method invocations

2) Example test case selection: We selected eight real test
cases from the set of 300 test cases that we analyzed in earlier
work [9], each of which illustrates a test pattern described in
Table II. The selection criterion is that test cases should be
simple enough to represent the test patterns, i.e., helping the
survey participants to understand the test patterns without a
need to study the relevant production code.

3) Survey questionnaire: We designed our survey as a
structured cross-sectional study following the guidelines of
Kitchenham and Pfleeger [23]. The survey began with an in-
troduction presenting the prevalent definition of an eager test:
“An eager test is a test that assesses too much functionality in
a single test method” [8], followed by two main sections.

In the first section, we outlined eight patterns of eager
and non-eager tests in which our heuristic disagrees with
the selected detection rules. For each pattern, we provided
a description and an example test case. For instance, Figure 1
illustrates the survey question designed for test pattern TP3.

The description highlighted the characteristics of the pattern
that make a test case under this pattern an eager test or not
according to the existing rules and our heuristic. Under the
example, we explicitly presented reasons why the test case
would be considered an eager test and why it would not.
Practitioners were then asked to select the reason that best
aligned with their opinion. This approach was intended to
assess the extent to which practitioners agree with the verdicts
produced by the detection rules in the literature and with the
verdicts produced by our heuristic.

Here, the reasons provided were detailed and directly tied to
the example test case, yet they were crafted to encapsulate the
essence of the corresponding detection rules and our heuristic.
Hence, we argue that practitioners’ responses reflected not just
their views on the example test case but also on the broader
test patterns the test case represented. To maintain neutrality,
we avoided referencing either the existing rules or our heuristic



TABLE II
TEST PATTERNS AND THE DISAGREEMENT BETWEEN OUR HEURISTIC
(EAGERID) AND EXISTING RULES (CF. TABLE I)

ID Pattern description Is an eager test?

A test case of this pattern has Yes, No,
based on  based on

TP1 (a) Multiple method calls from the class DRI, EagerID
under test in its Set-up and/or Tear- DR2.1,
down, AND DR2.2,

(b) Only one assert statement verifying the ~ DR2.3
outcome of a single method call.

TP2 (a) Multiple method calls from the class DRI, EagerID
under test, AND DR2.1,

(b) All assert statements invoking only = DR2.2,
helper methods (get methods), AND DR2.3
(c) All assert statements verifying the out-
come of a single method call.

TP3 (a) All assert statements invoking helper = DR4 EagerID
methods different from get methods
(such as size(), contains()), AND

(b) All assert statements verifying the out-
come of a single method call.

TP4 (a) Two or more sets of non-assert state- DR3 EagerID
ments followed by assert statements,
AND

(b) All assert statements verifying the out-
come of a single method call.

TP5 (a) Assert statement(s) verifying the out-  EagerID DRI,
come of one method call from the class DR2.1,
under test, AND DR2.2,

(b) One or more additional assert state- DR2.3
ments in the Set-up.

TP6 (a) Multiple assert statements verifying EagerID DRI,
different constructors. DR2.1,

DR2.2,
DR2.3
TP7 (a) All assert statements invoking only EagerID DR4
helper methods (get methods), AND
(b) Assert statements verifying the out-
comes of different method calls.
TP8 (a) Only one set of non-assert statements  EagerID  DR3

followed by assert statements, AND
(b) Assert statements verifying different
method calls.

in the provided reasons. We also included free-text fields for
practitioners to share additional opinions or comments.

The second section of the survey collects (1) demographic
information about the practitioners (their experience with unit
testing and their familiarity with test smells and Eager Test
in particular) and (2) any other comments they might want to
share with us.

4) Survey instrument evaluation: We refined the question-
naire through discussions with researchers on the question
logic, wording, and understandability, followed by a pilot
study with six external assessors (three researchers and three
practitioners). Feedback on presenting example test cases and
clarifying test patterns guided further improvements.

5) Survey distribution: Our survey targeted practitioners
with experience in writing and executing unit test cases.
Participants were recruited through convenience sampling via

Test pattern #3. Such a test case has
(a) All assert statements invoking helper methods different from get methods
(such e ), contains()), AND
(b) All assert statements verifying the outcome of a single method call.

An example of this pattern is as follows:

1 public void testFindImplementations() throws Exception {

2 Resolver resolve = new Resolver();

3

4 List<Class> list = resolve.findImplementations(Base.class);
-

bl

6 assertTrue( 1list .contains (ImplOne.class));

7 assertTrue( list .contains(ImplTwo.class));

8 assertEquals(2, 1list .size());

9 }

Which of the following statements aligns most with your opinion?

O It is an eager test, because all of its assert statements are NOT based on get
methods’ results (they are based on size() and contains() instead).

O It is NOT an eager test, because the additional methods invoked in the assert
statements are still helper methods (even though they are not get methods) used
to verify the outcome (list ) of a single method call (resolve. findImplementations
(Base.class) [line #4]).

If you do not agree with either of the statements or have any further comments,
please write them here.

Fig. 1. Our survey question for test pattern TP3 (cf Table II)

LinkedIn, and personal networks.

Data collection ran from October 23 to November 18, 2024,
yielding 23 responses, 21 of which were complete (answering
all questions). One skipped test pattern TP6, and the other
omitted TP8. Also, two respondents did provide information
regarding their working experience.

6) Survey data analysis: To analyze the comments given
by the survey respondents, we used a thematic coding ap-
proach [24]. This approach helped us to collect and group
concerns, and feedback from the respondents regarding the
assessment of our proposed heuristic.

B. Evaluation of detection tool

We used the same set of 300 test cases (including au-
tomatically generated and manually written test cases) from
our manual assessment in our previous study [9] to evaluate
the performance of the detection tool EagerID. Among these
300 test cases, 200 were sourced from Panichella et al’s
study [25], consisting of 100 automatically generated and 100
manually written test cases. The remaining 100 test cases, all
manually written, were drawn from Sharma et al.’s study [26].
The 100 automatically generated test cases, created using
EVOSUITE', originated from 17 different projects, whereas
the 200 manually written test cases were collected from eight
distinct projects.

We randomly split the test cases into two sets, 150 test cases
each. One set was a training set to support the development of
the tool. We calculated the precision, recall, and F-Score when
running the tool on the other set to evaluate its accuracy. Note
that the ground truth was established based on our manual
assessment with the heuristic.

Uhttps://github.com/EvoSuite/evosuite
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Fig. 2. Responses distribution based on their programming experience?

C. Validity threats

1) Construct validity: A major threat to our study is
whether respondents interpreted terms like method calls,
helper methods, and class under test as we intended. While
aware of this risk, we balanced it against keeping the survey
concise. Another issue arose from logical or technical flaws in
the example test cases, which made it harder for respondents to
evaluate them as eager tests. Free-text fields partially mitigated
these threats by allowing respondents to share doubts and
opinions.

2) Internal validity: Our survey primarily recruited partici-
pants via LinkedIn, excluding other platforms whose members
might have different perspectives. Self-selection bias also
posed a challenge, as non-respondents, likely less interested
in the topic [27], may hold differing views. Since we dis-
tributed survey links in LinkedIn groups without tracking non-
responses, sending reminders was not possible.

3) External validity: Our survey results are based on a
small convenience sample, which may not fully represent
practitioner opinions. However, as an exploratory study, it
aimed to gather preliminary feedback on our heuristic rather
than provide definitive validation. Additionally, our evaluation
of EagerID on 300 test cases is limited, potentially missing
some tool issues or limitations.

IV. PRACTITIONERS’ FEEDBACK ON THE TEST PATTERNS

(RQD)
A. Demographics

Overall, the experience of the respondents (21 out of 23,
as 2 did not provide this information) ranged from 4 to 40
years, with a median of 15 years and a mean of 16.2 years.
Figure 2 shows the distribution, grouping respondents into 5-
year experience bins.

Among all respondents (23 in total), most of them (20 out
of 23) were familiar with unit test cases written in Java. The
majority (16 out of 23) were aware of the concept of test
smells before taking the survey, while only 8 were familiar
with the concept of the Eager Test smell prior to the survey.

2Two respondents did not provide their working experience.
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B. Practitioners’ agreement level with the heuristic on the
eight test patterns

Figure 3 gives an overview of the extent to which the
respondents agreed with our heuristic’s assessment of the eight
test patterns.

For each test pattern, we present three numbers. The
first (green) represents respondents who agreed with both
our heuristic’s eager test assessment and its reasons. The
second (orange) shows those who agreed with the existing
rules’ assessment and reasons, indicating disagreement with
our heuristic. The third (purple) represents respondents who
disagreed with all provided reasons but shared the same eager
test classification as either our heuristic or the existing rules.

Overall, for most of the test patterns, the majority of the
respondents agreed with our heuristic. The assessment of our
heuristic for test pattern TP2 had the highest agreement with
the practitioners, followed by TP7, TP1, TP3, and TP4, which
are all at least 74% (17 out of 23 respondents). For test patterns
TP5, TP8, and TP6, the practitioners tended to agree less with
our heuristic (48%, 59%, and 68%, respectively).

We studied their comments to understand the disagreement
in the eager test assessment between our heuristic and practi-
tioners. Note that there were no comments given by respon-
dents who disagreed with our heuristic on the assessment of
test patterns TP3 and TP7.

We first examined the test patterns (TP5-8) that our heuristic
classifies as eager tests but the existing rules do not (Table II).
In this group, the assessment of our heuristic of TP5 and TP8
had the least agreement with practitioners. For pattern TPS
(see Figure 4), a test case under this pattern is described as
having

(a) Assert statement(s) verifying the outcome of one method
call from the class under test, AND
(b) One or more additional assert statements in the set-up.

Four respondents disagreed with the provided reasons why
our heuristic and the existing rules classify the example test
case as an eager test or not. Their concerns focused on the
technical details, arguing that a constructor always returns an

30ne respondent skipped test pattern TP6 and one omitted test pattern TPS.



1 public void test3() throws Throwable {

2 Home homeO = new Home();

3 PhotoController photoController0 = new
PhotoController (home0, (UserPreferences) null);

4

5 assertNotNull( photoController0));

6

7 long long0 = photoController0.calculateTime();

8

9 assertEquals(1372766400496L, long0);

10 ¥

Fig. 4. Example test case of test pattern TP5

1 public void testEquals() throws Exception {
2 Category a = new Category();

3 a.setName("giraffes");

4 Category b = new Category();

5 b.setName("camels");

6 Category ¢ = new Category('"giraffes");
7
8

assertEquals(a, c);
9 assertNotTrue(a.equals(b));
10 assertNotTrue(b.equals(new Object()));

Fig. 5. Example test case of test pattern TP8

instance unless it throws an exception, making the first assert
statement (line 5) unnecessary. Hence, their criticism was more
about the use of assertNotNull for the constructor’s outcome
rather than for the heuristic’s assessment. Indeed, two respon-
dents commented that “assuming that ‘photoControllerO* can
be null because ‘new* fails in some way, that should definitely
be its own test case”, and “this would be an eager test because
it would be testing two different behaviors, but right now,
the first assert does not do anything.” Similarly, the other
respondent reasoned that “line 5 is useless, and if line 5 is
removed, then the test is not eager.” In other words, without the
logical concern regarding the first assert statement, these four
respondents would have agreed with our heuristic, bringing
the total agreement to 15 respondents (65%).

There is only one respondent who disagreed with our heuris-
tic and commented that having assertions as preconditions is
sometimes necessary and acceptable to ensure that the state
of the object under test is correct. While we agree on the
importance of testing data construction, we contend this should
be a separate test, as failures in data construction render
dependent tests meaningless.

Regarding test pattern TP8, a test case under this pattern is
described as having

(a) Only one set of non-assert statements followed by assert
statements, AND
(b) Assert statements verifying different method calls.
Similar to test pattern TP5, a test case under test pattern TP8
is an eager test according to our heuristic and not an eager test
based on the existing detection rule (Table II). Its example test
case is shown in Figure 5.

Among the respondents who agreed with the reasons that
the test case is not an eager test, none commented on their
selection. Five practitioners, however, disagreed with all the
provided reasons. Two of them found the example test case

1 public void testGetConnectionUserPassSetters() throws Exception {

2 String username = "user';

3 String password = "_secret";

4 String url = "jdbc:h2:mem:ormlite-up;USER=" + username +
";PASSWORD=" + password;

5 JdbcConnectionSource sds = new JdbcConnectionSource(url);

6 sds.setUsername (username) ;

7 sds.setPassword (password) ;

8

9 assertNotNull(sds.getReadOnlyConnection(null));

10

11 sds.close();

Fig. 6. Example test case of test pattern TP1

did not make sense, while two others classified it as an
eager test because it tested different behaviors (via different
inputs) of the same method, equal. This reasoning actually
aligns with our heuristic’s assessment, which stated that the
assert statements verified different method calls of the same
method, inherently involving different inputs. Including these
two respondents brings the total agreement to 68% (15 out of
22 respondents who answered TPS).

One practitioner stated the test case was not an eager test
because it tested a single method, equals. However, for TP7,
the same practitioner agreed with our heuristic that the test
case was eager since it verified multiple calls to the same
method. This contradicts their stance on TP8, where the test
case also verifies multiple calls to equals. Thus, we argue that
we found no valid arguments against our heuristic for this
pattern TPS.

The test pattern in which practitioners had the third lowest
level of agreement with our heuristic is TP6, of which a
test case has multiple assert statements verifying different
constructors. Respondents who disagreed with the provided
reasons highlighted the same issue as with TP5, noting that
checking if a created object is null is unrealistic. They sug-
gested assert statements should actually focus on checking
whether the created object’s fields are initialized correctly.
Based on their feedback, we conclude that agreement with our
heuristic would likely increase if the assert statements were
more meaningful such as comparing the created object with
an actually valid object (i.e., different from null).

Our next investigation is the group of test patterns (TP1-4)
that our heuristic classifies as non-eager tests. For test pattern
TP1, such a test case has multiple method calls in Set-up
and/or Teardown while having one assert statement verifying
one single method call. Its example test case is shown in
Figure 6.

For TP1, respondents who disagreed with our heuristic
argued that the teardown method (line 11) should have been
in a separate TearDown or AfterTest method. They viewed the
test case as invoking too much functionality, thus classifying
it as an eager test. While we agree the teardown should be
separate, an eager test concerns festing too much functionality,
not merely invoking too much functionality.

For TP2 (Figure 7), only one respondent disagreed with the
heuristic, commenting that the test name was too vague to
determine the test purpose. Hence, the respondent could not



public void testAccessors() throws Exception {
final String proxyHost = "foo";
final int proxyPort = 1030;

HTTPRequestInfo info = populate(uri, proxyHost, proxyPort);

OO W N =

assertEquals (proxyHost,
assertEquals (proxyPort,

info .getProxyHost());
info .getProxyPort());

© o

}

Fig. 7. Example test case of test pattern TP2

1 public void testBasic() throws Exception {

2 BeanBinDAO dao = getDAOQ);

3 TestEntity entity = new TestEntity();

4 entity.setString("a sample string");

5 Query q = new Query(new Criteria("string", "a sample string",
SearchType.EQUALS)) ;

List<Object> result = dao.search(TestEntity.class, q);
9 assertEquals(l, result .size());

11 TestEntity saved = (TestEntity) result .get(0);

13 assertEquals("a sample string", saved.getString());

Fig. 8. Example test case of test pattern TP4

judge the developer’s intention, whether he or she aimed to
verify multiple methods. Similarly, for TP4 (Figure 8), only
one respondent disagreed with our heuristic because of the
unclear test purpose. As a result, neither could assess if the
test case was eager.

C. Implications

A closer look at the respondents’ comments indicated that
some disagreements with our heuristic might originate from
the actual example test cases we provided; not from our heuris-
tic itself. Some respondents, despite expressing their views
differently, reached the same assessment as our heuristic.
Factoring in these observations, agreement with our heuristic
was higher (minimum 65% for all test patterns) than indicated
by raw data (minimum 48% for all test patterns).

Some disagreements with our heuristic arose from confusion
between invoking too much functionality and verifying too
much functionality, with the latter being the basis of the
Eager Test smell definitions. This confusion may result from
respondents’ unfamiliarity with eager tests, as noted in their
background answers. A similar misunderstanding exists in
academia, where eager test detection rules often focus on
the number of method invocations in a test case, reflecting
researchers’ interpretations of the original smell definitions [9].

Meanwhile, other respondents highlighted the importance of
understanding a test’s purpose, such as through its name, in
determining whether it is an eager test. This is a valid point,
which was also suggested by Panichella et al. [25]. However,
this approach depends on code readability and often requires
subjective human judgment, making automation challenging.

Overall, our analysis found no substantial concerns with the
heuristic. Although the survey involved a small practitioner
sample, it represents a strong initial step in demonstrating the

heuristic’s alignment with practitioners in detecting eager tests
in practice.

V. EAGERID - PROTOTYPE TOOL FOR AUTOMATED
DETECTION (RQ2)

To answer RQ2, we developed EagerID4, a command-line
detection tool for identifying eager tests in Java JUnit unit
tests. It runs as a stand-alone .jar file, without requiring an
IDE. The tool takes two inputs: the project’s Java source code
folder and test folder. Its output is a list of test cases with their
eager test classifications.

A. Heuristic for eager tests detection

Our tool is based on the heuristic that we introduced in our
previous study [9]. In summary, the heuristic consists of three
following steps, which rely on the classification of method
types (Table III).

o Step 1: For each method call in a test case, collect
information that should be assessed in order to verify
the outcome of the method call.

— If the method type is creational or mutator, collect
initialized or modified fields and return value/object
(if any);

— If the method type is internal producer, collect return
value/object.

o Step 2: Collect the information that all assert statements
verify.

If the assert statement invokes a creational (or contains

the object created by a creational), collect the created

object and its initialized fields;

— If the assert statement invokes a mutator (or contains
the return value/object of a mutator), collect the mod-
ified fields and return value/object (if any);

— If the assert statement invokes a get or external pro-
ducer (or contains the return value/object of a such a
method), collect the retrieved fields.

— If the assert statement invokes an internal producer (or
contains the return value/object of a mutator), collect
the return value/object.

o Step 3: Check if the information verified by all of the
assert statements (Step 2) is the outcome of one single
method call (Step 1) in the test case. If that is the case,
then the test case is NOT an eager test; otherwise, the
test case is classified as an eager test by the heuristic.

B. Tool architecture

In the previous section, we explained what data needs to
be collected and how it can be used in our heuristic to detect
eager tests. Here, we describe how our tool can collect such
data in order to operationalize the heuristic.

We used JavaParser’ to parse the production code and test
code files in order to perform static code analysis. JavaParser
builds an AST for each unit test file that is under analysis and
the relevant production code.

“https://github.com/vi-tran1987/ET_heuristic
Shttps://javaparser.org/



TABLE III
METHOD TYPES USED IN OUR HEURISTIC

]

Method Sub type Description CcuT Effect
Type
Initialize Retrieve Change  Return Return val-
field field field field ue/object
Creational Is responsible for creating an object. v v - - - [Optional]
Mutator Changes the state of the object to which it belongs, v - v v - [Optional]
i.e., must change one or more fields of the object and
optionally have a return value/object.
Accessor  Get Returns an object’s field without modifying the field. Ve v - v -
Internal Computes a result based on an object’s field(s) AND v - v - - v
Producer is implemented (or overridden) in the method’s class
(CUT)
External Computes a result based on an object’s field(s) BUT is - - v - - v
Producer  implemented in a class different from the CUT.

" CUT: (implemented in) Class under test
* GET method can be implemented in CUT or outside CUT

The tool analyzes only methods annotated with “Test”, i.e.,
a test case, in each unit test file. Within each test case, it
identifies method calls by searching JavaParser expressions
including VariableDeclarationExpr, MethodCallExpr, Assign-
Expr, and ObjectCreationExpr, treating constructors as a type
of method (Table III).

For each method call in a test case, the tool extracts
the method declaration and body from the production code,
then collects fields that are initialized, modified, returned, or
retrieved. A field is initialized if initialized by a constructor,
retrieved if it appears in the method body. Meanwhile, a field
is classified as modified if it is a target of a unary expression or
assignment expression (e.g., “i++” or “i=0", respectively). A
field is marked as returned if directly returned by a return
statement (e.g., “return i;”) or when the return statement
contains a unary expression of which the field is the target
(e.g., “return i++”). A field can have multiple types, such as
being retrieved, modified, and returned.

A method can invoke one or more methods in its body,
which we call inner method calls. We use recursion to perform
the analysis described above to collect all fields that are
initialized, modified, or just retrieved in each inner method
body. To avoid an infinite recursion loop, we set a recursion
depth to 20, meaning that the tool analyzes at most 20 layers
of inner method calls.

The tool classifies each method call based on its declaration
type and collected fields. The method type is Creational or
External Producer if the method declaration is JavaParserCon-
structorDeclaration or ReflectionMethodDeclaration, respec-
tively. To be a Mutator, Get, or Internal Producer, the method
declaration must be JavaParserMethodDeclaration. A method
is a Mutator if it modifies one or more fields; a Get if it
returns a field but modifies none; and an Internal Producer if
it computes information based on retrieved fields but neither
modifies nor returns any fields.

With JavaParser, JUnit assert statements are treated as any
normal method call from an external library, i.e., not part of the

production code. Hence, trying to resolve the method declara-
tion corresponding to the invocation of JUnit assert statements
will fail and JavaParser will throw an UnsolvedSymbolEx-
ception. We identify JUnit assert statements when the name
of the UnsolvedSymbolException is “org.junit.Assert”. Since
each assert statement can invoke a method or contains the
return value/object of a method, we perform the same analysis
described above (collecting fields and identifying method type)
for the method call associated with each assert statement.

C. Limitations

First, the tool needs to access the method declaration and
method body in order to collect the accessed fields (retrieved,
initialized, modified, returned). It is not feasible when the
method is part of source code that was not developed by
the organization responsible for the code under test. Hence,
with external methods (methods outside of the production
code), our tool assumes that they do not change the state
of any object of the class under test. Second, since our tool
relies on static code analysis, it is not possible to work
with metaprogramming, a programming technique in which
a computer program has the ability to treat other programs as
their data [28]. In metaprogramming, we need a dynamic code
analysis in order to identify the method types and collect the
required fields.

D. Tool preliminary evaluation

To evaluate EagerID’s accuracy, we ran it on 150 unit
test cases (manually written and automatically generated)
randomly selected from the 300 test cases analyzed in our
manual assessment of the proposed heuristic [9]. Our manual
assessment identified 85 eager tests in this set. EagerID
classified 78 tests as eager, resulting in a precision of 100%
(78/78), recall of 91.76% (78/85), and an F-Score of 95.70%.
We then investigated the seven eager tests (false negatives)
that EagerID missed. We found that detecting these cases
required access to external libraries, which were not included



in the production code. This limitation, which we anticipated,
is discussed in the previous section.

VI. CONCLUSIONS AND FUTURE WORK

In our previous study, we proposed a heuristic to detect
eager tests in unit testing and identified eight patterns of
eager tests and non-eager tests that can be detected by our
heuristic but not by the existing detection rules. In this paper,
we conducted a survey to collect practitioners’ feedback on
the assessment of the eight patterns by our heuristic. We also
performed a preliminary evaluation of EagerID, the detection
tool developed based on the heuristic.

Overall, the result of our survey demonstrates strong prac-
titioner agreement with the heuristic for detecting eager tests,
confirming its validity and practical relevance. No concerns
from practitioners about the heuristic further reinforce its
soundness. Additionally, the high precision, recall, and F-
Score of our tool highlight the heuristic’s potential for au-
tomation. These results suggest that the heuristic is a reliable
foundation for both manual and automated detection of eager
tests. For future work, we will focus on scaling EagerID and
validating it across more diverse datasets.
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