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ABSTRACT
Tests serve an important role in computing education, measuring
achievement and differentiating between learners with varying
knowledge. But tests may have flaws that confuse learners or may
be too difficult or easy, making test scores less valid and reliable. We
analyzed the Second Computer Science 1 (SCS1) concept inventory,
a widely used assessment of introductory computer science (CS1)
knowledge, for such flaws. The prior validation study of the SCS1
used Classical Test Theory and was unable to determine whether
differences in scores were a result of question properties or learner
knowledge. We extended this validation by modeling question difficulty and learner knowledge separately with Item Response Theory
(IRT) and performing expert review on problematic questions. We
found that three questions measured knowledge that was unrelated
to the rest of the SCS1, and four questions were too difficult for our
sample of 489 undergrads from two universities.
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INTRODUCTION: IMPROVING
MEASUREMENT OF CS KNOWLEDGE

Assessment is key to measuring knowledge, skills, and abilities
related to computing [36]. For an instructor, assessments can differentiate between students’ level of knowledge, helping personalize
instruction. For learners, assessments can help them identify what
they do and do not understand. For researchers and instructional
designers, assessments can help measure the effect of interventions.
One recent and widely-used assessment is the Second Computer
Science 1 (SCS1) concept inventory. The SCS1 was developed by
Parker, Guzdial, & Engleman [28] as a replication to another concept
inventory [35, 37]. The SCS1 is a multiple-choice exam which covers
introductory computer science (CS1) knowledge, but does so with
a language-independent pseudo-code. In the three years since the
SCS1 was published, researchers have used it to measure students’
CS1 knowledge before and after a course [14, 28, 38, 39] as part
of pre-test/post-test studies [5], CS teachers’ knowledge [28], and
pre-CS1 students’ knowledge [25].
The SCS1 is one of few CS concept inventories that has undergone validation to evaluate the validity and reliability of its test
scores [28]. Validation is a process that involves evaluating the
plausibility and appropriateness of proposed interpretations and
uses of assessment scores [13, 15]. The validation process involves
iteratively developing an assessment and an argument that specifies
how to interpret assessment scores, and then challenging the argument to identify further improvements to the argument. Validation
studies can identify if a test is too easy or too difficult for the target
population [1], as well as whether surface features of questions [7]
(e.g. wording of problem, style of code) confound the score [6, 18].
Through validation, we can produce evidence (empirical, theoretical, and argumentative) to support the interpretations of test
scores for a proposed use. This evidence can better inform us as
to which test questions are most effective at differentiating highand low-performing students, helping us to further refine both
specific questions and the set of questions included in the test as
a whole. Ultimately, this evidence builds a case for the validity of
interpretations of SCS1 scores as a measure of CS1 knowledge.
Validation is an iterative process, so we extended the prior validation study of the SCS1 to better understand how it measures

