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Abstract— Concept inventories are diagnostic instruments 

designed to assess student understanding and identify common 

misconceptions in a specific domain or discipline. They consist of 

multiple-choice questions or tasks that target key concepts and 

principles in the subject matter. The ECCD was developed to 

diagnose student misconceptions of electric concepts like power, 

energy, and potential difference. For concept inventories to be 

effective in measuring misconceptions, the items on the test must 

possess two essential qualities: validity and reliability. We 

administered the ECCD to 270 undergraduate engineering 

students in the summer and fall of 2023 and the test items are 

examined using the classical test theory framework. Results from 

the analysis show that most of the items on the test perform well 

in terms of item difficulty, item discrimination, and reliability. 

Findings from this work-in-progress analysis pointed to a few 

items that might need revision or be discarded on the final test. 

The implication of these findings is also reported.  

Keywords—Psychometric Properties, Electric Circuits, Concept 
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I. INTRODUCTION  

The field of electrical engineering is replete with abstract, 
complex, and counter-intuitive concepts that students have to 
learn to achieve competency as electrical engineers [1]. 
Researchers develop and validate knowledge diagnostics or 
assessment tools such as the Electric Circuit Concepts 
Diagnostic (ECCD) to assess misconceptions in students’ prior 
knowledge and knowledge gain in science domains. The ECCD 
was designed to assess students' misconceptions and test their 
understanding of fundamental electrical circuit concepts [2, 3]. 
While concept inventories have been developed to detect and 
identify various misconceptions that students hold in different 
domains of engineering sciences and education, interpreting the 
scores from these inventories can be challenging. The ambiguity 
arises from the difficulty in distinguishing between a lack of 
knowledge and the presence of misconceptions based solely on 
students' responses to the inventory items. This limitation 
complicates the effective use of concept inventories in 
educational assessments. The Electric Circuit Concept 
Diagnostic (ECCD) test addresses this issue through a three-tier 

assessment approach, which evaluates not only students' content 
knowledge but also their reasoning behind the chosen answers 
and their confidence level in those answers [3]. Furthermore, 
knowledge diagnostics not only help in identifying 
misconceptions that students have but also serves as a feedback 
mechanism for educators to adjust instructional strategies. Such 
assessments are integral to ensuring that all impediments to 
learning caused by students’ faulty prior knowledge are 
removed and that students can conceptually grasp the lessons 
being taught. 

Psychometric analysis is a cornerstone of educational 
assessment, providing essential insights into test validity, 
reliability, and the effectiveness of educational tools [4],[5]. 
Validity refers to the extent to which an inventory accurately 
measures the intended concept or construct [6]. This involves 
ensuring that the items on the test are directly related to the target 
concepts and are not influenced by irrelevant factors. Reliability, 
on the other hand, refers to the consistency of results produced 
by a measurement tool when administered multiple times. 
Reliability of measures is crucial in educational research where 
consistent and accurate measurement is essential [7]. 

The ECCD is currently being developed by our research 
team to assess students' misconceptions about electric concepts. 
This work-in-progress study documents a preliminary study that 
aims to evaluate the psychometric properties of ECCD test 
through a detailed analysis of the difficulty, discrimination, and 
reliability of items on the test. By employing robust 
psychometric methods, this article seeks to illuminate how well 
the test’s items measure what they intend to and how their results 
can inform educational practice. Through this examination, we 
intend to provide a comprehensive overview of the 
psychometric foundations of the ECCD, thereby aiding 
educators, curriculum developers, and researchers in helping 
students to overcome their misconceptions and enhancing the 
educational experiences of electrical engineering students. 



II. THEORETICAL FRAMEWORK 

Classical Test Theory (CTT) is built upon several 
foundational principles and assumptions that focus on the 
measurement of latent traits or abilities through observed test 

scores. The CCT posits that each test score is composed of a true 
score (the actual measure of the trait or ability) and an error score 
(random and unpredictable variations that affect the test score). 
The true score reflects the stable component of an individual’s 
performance, whereas the error represents the measurement 
noise [8]. One central concept in CTT is reliability, defined as 
the proportion of variance in the observed scores that can be 
attributed to the true scores. Reliability is often quantified 
through various methods, including the parallel-test reliability 
formula, which considers test length and a parameter of the 
underlying population distribution of abilities [8]. 

The CTT operates under the assumption that the relationship 
between observed scores and true scores is linear. Similarly, the 
errors associated with measurement must be independent of 
each other and of the true score. And finally, the error variances 
must be constant across all test items [9, 10]. Under the CCT, 
factor analysis is often used to develop scales and mention the 
dimensionality of the data which provides insight into the 
validity of the scale.  

Despite its simplicity, CTT forms the basis for many of the 
standard practices in the development and evaluation of tests and 
is essential for understanding measurement properties like 
validity and reliability [11].  

III. METHOD 

A. Participants 

This study’s participants were undergraduate students 
enrolled in different engineering programs at a large public 
research university in the US. We administered the ECCD to 270 
undergraduate engineering students who gave their consent to 

participate in the summer and fall of 2023. Seven responses were 
missing and only the 263 participants who responded to all the 
items were included in this analysis. 

This ECCD includes 30 multiple-choice test items that 

assess 10 electric circuit concepts. The test was administered as 
three equivalent sub-scales of the tests. Each sub scale contains 
10 questions that measure each of the concepts assessed on the 
test. These sub-scales were administered to three different 
groups of students (See Table I). The data explored in this report 
include the original responses (options) selected by the students 
for each question and their binary (scored) responses, indicating 
whether their answers were correct or incorrect. 

Using the Classical Test Theory (CTT), we conducted item 
analysis, which included item calibration (difficulty and 
discrimination estimation), distractor analysis, and reliability 
testing.  

IV. DATA ANALYSIS 

A. Item Difficulty 

For dichotomously scored items, under the CTT framework, 
item difficulty is defined as the proportion of examinees to 
answer that item correctly [12] 

𝑃∗ = 𝑛𝑐/𝑁 

where 𝑛𝑐 is the number of correct responses and N refers to 

the total number of respondents for that item. Naturally this 
value ranges from zero to one, where higher values indicate 
easier items. 

In addition, the variance can be calculated as 

𝑆𝑃∗
2 = 𝑃∗(𝑄∗) where 𝑄∗ = 1 − 𝑃∗ .  

From here, we can calculate the standard error as follows 



𝑆𝐸𝑃∗ = √𝑆𝑃∗
2 /𝑁.  

 The standard error may be used to calculate the confidence 
interval of difficulty such that 𝑃∗ ± 𝑧(𝑆𝐸𝑃∗)  where z is the 
standard normal distribution corresponding to the desired 
confidence level. 

Difficult items have a difficulty level of 0–0.3; 0.3–0.8 is 
classified as a desirable item, and items with difficulty values 
over 0.8 are considered easy [13]. 

B. Distractor Analysis 

Sometimes, it is also helpful to consider how incorrect 
answers, known as distractors, are selected by examinees and 
identify distractors that perform poorly [12]. 

Finch and French [12] suggest three general procedures for 
conducting a distractor analysis. 

1. First, consider inordinately attractive incorrect answers 
that examinees in the upper third of scores are more likely to 
choose as these could be considered misleading or poorly 
performing. 

2. Then, insufficiently attractive incorrect response 
options, which are rarely selected (even by lower-scoring 
examinees) should be identified. 

3. Lastly, items that are answered correctly more by low 
scoring than high scoring examinees should be reviewed for 
being misleading or incorrectly keyed. 

C. Reliability Test 

There are various methods available for measuring the 
reliability of a test under a CTT framework [14]. The test/retest 
reliability is calculated based on the correlation of scores from 
the same examinees presented with the same test on two 
different occasions. The parallel-forms reliability is derived 
similarly to test/retest reliability, except two parallel tests are 
used instead of the same one. The third and most used type is 
internal-consistency reliability, such as Spearman-Brown 
reliability. We chose to use Spearman-Brown split-test 
reliability to evaluate each of the three mini-tests. 

V. RESULTS AND OBSERVATIONS 

The items in mini-test 1 were answered correctly by 35.7%-
87.5% of the examinees. Two items (Q.8, Q.9) were considered 
easy, eight were desirable, and none were difficult. All items had 
discrimination parameters above zero, which shows that the 
probability of answering an item correctly is positively related 
to the examinee’s ability, so the items favored the higher-scoring 
group. Higher discrimination values are associated with better 
item quality, as it indicates that the item discriminates well 
between the higher and lower performers on the sub-scales of 
the test. From mini-test 1, two items (Q.8, Q.9) were poor 
quality, two (Q.2, Q.3) were fair and one (Q.6) was good quality. 
The remaining five items had an index of discrimination above 
0.4, indicating that they are very good quality as seen in Table 
II. 

The proportion of examinees who correctly answered each 
of the mini-test 2 items ranged from 33.3% to 67.3%. Therefore, 
all items fell within the desirable range for difficulty. Q.3 had a 

negative discrimination value, indicating that this item could be 
unclear or indexed incorrectly as it favors the lower scoring 
group. One item (Q.2) is considered good quality, and the 
remaining eight items are classified as very good quality items. 

39.8%- 81.9% of the examinees answered the items in mini-
test 3 correctly. Nine items were of desirable difficulty, one 
(Q.2) was easy, and none were considered difficult. All items 
had discrimination indices above zero. One (Q.2) was of good 
quality, and the remaining nine were considered very good 
quality(See Table III). 

For the distractor analysis, the key provides the four 
response options from (a) to (d), and an asterix (*) indicates the 
correct response option.  

The number and associated proportion of respondents who 
select each response option are presented in columns ‘n’ and 
‘Prop’ respectively. The point-biserial correlation between each 
response and the total score with that item removed is also 
provided as a measure of reliability of the answer choices.  

The discrimination value, ‘discrim’, is the upper proportion 
minus the lower proportion. It is expected that correct response 
options would have positive discrimination and incorrect 
options would have negative discrimination. To align with the 
discrimination estimation procedure used in this report, the 
upper and lower groups were selected as the upper and lower 
20% of scores. These proportions are presented in ‘Upper 20%’ 
and ‘Lower 20%’ respectively. 

The remaining 60% of examinees were split evenly, such 
that the 20-50% group proportion is in ‘mid50’ and the 50-80% 
in ‘mid80’.  

 Nine of the items on the first sub-scale (Test 1) (See Table 
IV), had the expected response patterns. However, for Q.6, 
option (d) is a distractor since more examinees selected this 
response option than the correct one (c). It should be noted that 
within the highest-scoring group, more examinees (70%) 
selected the correct response, which indicates that it has been 
correctly keyed.  

For mini-test 2, we found that there were two items (Q.3, and 
Q.4) for which more students selected an incorrect response 
option than the correct option. Overall, respondents were more 
than twice as likely to select the incorrect option (d) than the 



correct response option (c). This was true across all performance 



groups which could indicate that the item was incorrectly keyed, 
or the question and/or response options were misleading. Q.3 
was already flagged as having negative discrimination, and the 
distractor analysis confirms that this item should be reviewed. 
Q.4 also had more respondents selecting the incorrect option (a), 
than the correct option (b); however, in the top two performance 
groups, more examinees selected the correct response. 
Interestingly, no respondents selected option (c). Since this item 
had a desirable difficulty and was considered very good quality, 
Q.4 may not require much revision. However, option (c) should 
be adjusted to increase its attractiveness.  

Q.3 of Test 3 had slightly more respondents selected an 
incorrect response, however, in the top 50% of performers, more 
respondents selected the correct response. 

Lastly, for the reliability test, mini-test 3 was the most 
reliable according to the Spearman-Brown split-test reliability 
as shown in Table V. This result aligns with the item analysis 
results which indicated that its items were of a desirable 
difficulty level and good quality, and the distractor analysis 
results, which showed only one item potentially requiring 
review. It is likely that if the recommended item revision is 
conducted, the reliability of Test 1 and 2 will also improve. 

TABLE V:  SPEARMAN-BROWN SPLIT-TEST RELIABILITY 

Test 1 Test 2 Test 3 

0.429 0.315 

 

0.628 

 

VI. CONCLUSION AND FUTURE DIRECTIONS 

This study examines the psychometric properties of the 
ECCD instrument developed to diagnose students’ 
misconceptions about electric circuits concepts. Findings from 
this study suggest that there is a need for the revision of some 
items and removal of others. We hope that by the end of the 
development of this instrument, we will have produced an 
instrument capable of providing instructors with the requisite 
knowledge of student’s misconceptions in electric circuits and 
be able to help them overcome them. This is a part of an ongoing 
project, and the ultimate goal is to host this inventory online and 
make it accessible to all instructors across the US and all over 
the world.   
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