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THEORY, CONTEXT, AND MECHANISMS

Who Benefits From a Foundational Logic Course? Effects on
Undergraduate Course Performance

Rafael Quintanaa and Christian Schunna

ABSTRACT
Being able to understand and evaluate arguments in different
modalities and in different disciplines is thought to be a key compo-
nent of students’ academic success in college. However, many stu-
dents do not receive explicit instruction in the basic concepts and
rules of argumentation. Using a difference-in-differences approach
with a multicohort longitudinal data set of almost 15,000 undergrad-
uates beginning in health and science, technology, engineering, and
mathematics (STEM)-related fields at a research university, we exam-
ined changes in relative performance of students after enrolling in
an introductory logic course. We find that students improved their
grade point average (GPA) after taking the course, especially if they
begin college with low academic achievement (Cohen’s d¼ 0.18).
Our results are consistent with the idea that acquiring foundational
skills, in particular general skills in argumentation, prepares STEM
students for future learning.
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critical thinking
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higher education

In order to succeed in college, students need some foundational skills and strategies that
allow them to learn material at a deep level and make connections across subjects
(Conley, 2010, 2015; McNamara, 2010). In addition, these foundational skills and strat-
egies cannot be reduced to content knowledge and basic skills in reading and mathemat-
ics (Conley, 2015; Darling-Hammond & Adamson, 2010; Darling-Hammond, Herman,
& Pellegrino, 2013; Pellegrino & Hilton, 2013). In particular, critical thinking skills are
commonly regarded as a necessary condition for deep understanding and learning
(Conley 2011, 2015; Darling-Hammond, Wilhoit, & Pittenger, 2014; Farrington, 2013).

Though critical thinking has been defined in various ways (see, e.g., Thomas & Lok,
2015), most researchers agree that a key (or even the main) component of critical think-
ing is argumentation (e.g., Astleitner, 2002; Dick, 1991; Hatcher, 2011; Ikuenobe, 2001;
van Gelder, Bissett, & Cumming, 2004). In fact, some researchers have even suggested
that argumentation entails critical thinking (e.g., Davies & Barnett, 2015), given that, as
Andrews (2015, p. 50) puts it, “to think clearly is to be critical.”
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Argumentative skills can be considered foundational in the sense that they are
required for different tasks in different subjects. Thus, successful undergraduate students
tend to be those who can understand and learn from argumentative texts and produce
arguments in speech or writing, whatever their discipline (Andrews, 2015). Different
studies suggest that argument analysis is indeed required in various disciplines, includ-
ing science (Driver, Newton, & Osborne, 2000), mathematics (Morsanyi, Devine, Nobes,
& Sz}ucs, 2013), nursing (Simpson & Courtney, 2002), economics (Heijltjes, Van Gog, &
Paas, 2014), and history, medicine, and law (Jones, 2015). What this suggests is not that
argumentation can somehow substitute disciplinary knowledge but rather that argumen-
tative skills (e.g., stating clear claims; proving reasons that support a claim; evaluating
reasons and evidence; identifying counterexamples) are relevant for different tasks across
disciplinary contexts.

The foundational nature of argumentative skills is reflected in the weight they have in
standardized assessments in higher education. For example, the Collegiate Learning
Assessment, used by Arum and Roksa (2011) in their highly cited analysis of students’
learning in college, has a major focus on critical thinking abilities. The Collegiate Learning
Assessment focuses on these general abilities because “they cut across academic majors
and they are mentioned in almost every college’s mission statement” (Klein et al., 2007, p.
417). In addition, argumentative skills have a significant weight in standardized tests for
graduate or professional admissions like GRE, GMAT, LSAT, and MCAT (Deane,
Quinlan, Odendahl, Welsh, & Bivens-Tatum, 2008; Hurley, 2014); for example, approxi-
mately 50% of the LSAT relates to questions involving argumentation (Hurley, 2014).

Teaching Argumentative Skills in College

Universities are increasingly concerned with students’ academic underpreparedness.
Nationally, it is estimated that only 32% of all students leave high school qualified to
attend 4-year colleges (Greene & Foster, 2003). This suggests that many students gradu-
ate from school without the foundational skills to succeed in college (ACT, 2013; Conley,
2015). A common strategy that colleges and universities have adopted to improve stu-
dents’ academic performance is implementing “Success Courses” or “First-Year
Seminars” (hereafter FYS). In fact, it has been estimated that over 90% of colleges and
universities offer such programs (Clark & Cundiff, 2011). A 2006 national survey of FYS
(Tobolowsky et al., 2008) indicates that the most frequent topics taught in these courses
are study skills (41%) and critical thinking (41%), but they also teach about campus
resources (38%), academic planning/advising (37%), and time management (29%).

There is scant evidence regarding the effectiveness of FYS (Permzadian & Cred�e,
2016; Rasmussen, 2013; What Works Clearinghouse, 2016), and some studies have not
found any positive effects on student learning outcomes (Clark & Cundiff, 2011;
Rasmussen, 2013; Rutschow, Cullinan, & Welbeck, 2012). One reason why FYS repre-
sent a very limited solution to students’ academic underpreparedness may be that they
normally offer a combination of academic and social services in a single course and
therefore are not strong enough interventions in academics to affect students’ achieve-
ment (Rutschow et al., 2012). In particular, it seems unlikely that these courses would
have a substantial impact on students’ argumentative and critical thinking skills, given
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that (a) most faculty have only a vague idea of the concrete skills that these constructs
entail (Paul, 2004) and (b) developing argumentative skills—like any other higher-order
skill—requires regular, extended, and effortful activity (Ericsson & Charness, 1994; van
Gelder, 2005; van Gelder et al., 2004). Consequently, some scholars have argued that
critical thinking should be studied and practiced in its own right, because it is composed
of particular skills that need to be developed in a structured and deliberate manner (van
Gelder, 2005; van Gelder et al., 2004).

Various meta-analyses (Abrami et al., 2008, 2015; Niu, Behar-Horenstein, & Garvan,
2013; Tiruneh, Verburgh, & Elen, 2013) have shown that interventions that teach critical
thinking principles explicitly are more effective for improving critical thinking than
interventions that do not teach these principles explicitly; for example, interventions
that focus on subject-matter instruction and expect to develop critical thinking as a by-
product. These findings validate the argument schema theory, which suggests that learn-
ing argumentative abilities involves the generation of abstract principles and concepts
related to argumentation (Larson, Britt, & Kurby, 2009; Larson, Britt, & Larson, 2004;
Reznitskaya & Anderson, 2002; Reznitskaya, Anderson, & Kuo, 2007). More generally,
research has shown that the possession of abstract concepts facilitates the transfer of
knowledge (Fong & Nisbett, 1991; Goldstone & Son, 2005; Reed, 1993). That is, both
general and specialized research suggests that proficiency in argument analysis (at least
for nonexpert students) is facilitated by the possession of some general argumentative
knowledge, involving understanding general concepts (e.g., argument, claim, reason, and
evidence) and rules (e.g., the rules of inference). Thus, from a theoretical standpoint,
courses focused on argumentation should have broader effects. However, there is rela-
tively little empirical evidence that supports the idea that directly teaching such critical
thinking skills has significant effects on other coursework.

Overview of the Study

The purpose of this study is to evaluate the effect of introductory logic courses on
general academic performance in science, technology, engineering, and mathematics
(STEM)-related majors. Our theory of action involves two main components (see
Figure 1). First, we hypothesize that logic courses have an effect on students’ argu-
mentative skills. Argument schema theory and a set of critical thinking interventions
suggest that learning and transfer of argumentative abilities involves the generation of
abstract principles and concepts related to argumentation. As a result, one can expect
that logic courses improve students’ argumentation abilities because logic is the
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Figure 1. A schematic representation of the two components of our theory of action, as well as our
main research hypothesis (RH).
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discipline dedicated to define, theorize, and teach these abstract concepts. As Hurley
(2014) explains, “Logic may be defined as the organized body of knowledge, or sci-
ence, that evaluates arguments” (p. 1). Though logic courses might vary in their for-
mat and tend to focus on formal logic (which is not necessarily related to natural
argumentation; see Johnson, 2014), introductory logic courses in college normally
begin by teaching the general concepts of argumentation (see, e.g., the classic and
commonly used introductory books by Copi, Cohen, & McMahon, 2013; Gensler,
2012; Govier, 2013; Hurley, 2014; Salmon, 2012). Following the argument schema the-
ory, one would then expect that an introductory logic course would improve students’
argumentative abilities.

The second component of our theory of action implies that developing argumentative
skills can have a positive effect on students’ general academic achievement. This is sup-
ported by (a) various competency models of crosscutting abilities (in particular reading
and writing), which consider argumentation a central component (e.g., Deane et al.,
2008; Deane, Quinlan, & Kostin, 2011; National Assessment Governing Board, 2015;
Organization for Economic Cooperation and Development, 2013); (b) research that
highlights the importance of argumentation in different disciplines (e.g., Jones, 2015);
(c) the weight that these skills have in standardized tests for graduate and professional
admission (e.g., Hurley, 2014); and (d) the widespread belief that critical thinking is a
key component for students’ academic success (see, e.g., Ennis, 2015; Lai, 2011; Paul,
2004; ten Dam & Volman, 2004).

Though there is a wide agreement on the importance of argumentation for different
learning outcomes, there is no direct evidence demonstrating that learning abstract con-
cepts and principles of argumentation can actually improve students’ academic achieve-
ment. Studies that evaluate argumentation (or critical thinking) interventions normally
consider outcomes related to argumentation (or critical thinking), rather than general
academic performance (see, e.g., Abrami et al., 2008, 2015). Furthermore, many of these
studies (e.g., Couzijn & Rijlaarsdam, 2004; Heijltjes, Van Gog, Leppink, & Paas, 2014;
Larson et al., 2004, 2009; Marin & Halpern, 2011; Reznitskaya et al., 2007) evaluate
short interventions, which commonly do not generate robust learning effects and are
more difficult to generalize to real educational settings.

The idea that specific kinds of learning have pervasive effects and enhance general
thinking skills (the so-called doctrine of formal discipline) has been a widely contested
topic in cognitive psychology (Barnett & Ceci, 2002; Detterman, 1993; Mayer &
Wittrock, 1996). An analogous debate is also present in the critical thinking literature,
where researchers disagree on whether learning general critical thinking skills can have
an impact in learning outcomes in different domains (Abrami et al., 2008; Davies, 2006,
2013). Yet, there is also a paucity of empirical evidence, in particular from experimental
or quasi-experimental designs, regarding the effects of learning foundational skills in
argumentation and critical thinking in different contexts and domains (van Gelder,
2015). This lack of evidence is especially concerning in view of the steady decline in
enrollments and degrees conferred in the humanities (Jaschik, 2016, 2017).

The present study contributes to the literature by examining whether a naturally
occurring logic course is associated with an increase in students’ general academic
achievement. In addition, we were interested in whether taking the course is more
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beneficial for some students than others. Our hypothesis in this regard was that a logic
course would be most beneficial for academically weaker students (based on high school
performance and entering test scores) who are likely to have poor baseline argumenta-
tion abilities and less beneficial for academically stronger students who were already
likely to be familiar or proficient with basic argumentation. Finally, we wanted to exam-
ine whether there is an advantage in taking the logic course at a particular time; for
example, at the beginning (like FYS) or in later years. Our hypothesis was that, given
that a logic course provides foundational skills, students would benefit more if they take
it early on.

Method

The Studied Introductory Logic Course

The Philosophy Department at the University of Pittsburgh offers an Introductory Logic
Course (PHIL 0500, henceforth “Logic”). Logic is offered every fall and spring semester
without any prerequisites, and usually several sections of the course are offered each
semester (for example, in spring 2017 there were three section offerings). Different sec-
tions in a different semester are typically taught by different instructors, and section
sizes can vary from 20 to 120, although the larger sizes are more common. The course
is also taught in the summer session. The diversity of semester, section sizes, and
instructors improves generalizability of the study.

Features of this particular introductory logic course provide several advantages for
testing the effects of acquiring foundational knowledge in logic on academic perform-
ance. First, the contents covered in introductory logic courses are highly standardized;
in particular, they normally cover the basic concepts of argumentation (e.g., argument,
proposition, premise, conclusion, validity, etc.). Second, at the University of Pittsburgh, it
is a course that a large number of students outside the Philosophy Department take to
fulfill the Quantitative and Formal Reasoning Requirement. Because it fulfills a general
education requirement, diverse students are enrolled and many students may be enrolled
for reasons other than interest; consequently, the effects are more likely to generalize
beyond only those students highly interested in philosophy or logic. Third, students can
take the course whenever they want, and as a general education requirement there is no
strong rationale for taking the courses before or after other courses, which generates
some natural (albeit not fully random) variation in the semester in which students take
the course.

Sample

The University of Pittsburgh is a public, research-focused doctoral university with a stu-
dent population of approximately 28,000 undergraduates who are predominantly full-
time, residential students. The university implements a selection process that is more
selective and lower transfer-in, according to the Carnegie Classification of Institutions of
Higher Education (n.d.).

The sample consists of 14,941 full-time undergraduate students who were enrolled in
the School of Arts and Sciences at the University of Pittsburgh from 2007 to 2017 and
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had taken any introductory chemistry course (General Chemistry 1; General Chemistry
2; Organic Chemistry 1; or Organic Chemistry 2) during that time. The students could
have taken the chemistry course in different academic terms, and they were followed
from their first to their last recorded semester. The first cohort of students were fresh-
man in 2007 and the last in 2017.

This longitudinal multicohort data set comes from a larger project analyzing the aca-
demic trajectories of students who had enrolled in any introductory chemistry course, a
subset of which is required for most science majors and all students pursuing health-
related careers. Thus, the students in this sample are more likely to pursue health or
STEM-related careers than careers in social sciences or humanities. More specifically,
based on surveys conducted by the larger research project, 37% of the students were
interested in pursuing a health-related major and 30% some STEM major; 12% were
interested in pursuing a major in social sciences or humanities; 3% were attracted to
other fields; and around 18% were undecided.

The advantage of considering this sample (rather than all full-time enrollees) is that
they are less likely to enroll in courses in social sciences or humanities, some of which
overlap with the contents covered in Logic (e.g., courses with an emphasis in reading or
writing argumentative texts). By focusing on students pursuing STEM or health-related
majors we can assume, then, that the students who enrolled in Logic had had minimal
exposure to this kind of training before and that the students not enrolled in Logic had
little exposure to the same content in another course. In other words, we reduce the
possibility of possible confounders, which would help us obtain a better estimate of the
effect of Logic on student learning outcomes.

Within the sample, 758 students (approximately 5% of the full sample) took Logic,
and only 28 students (i.e., less than 4% of course enrollees) took it more than once. We
restricted the sample to include only students with a passing grade in Logic (approxi-
mately 95% of the course enrollees). Our theory of action implies that Logic has an
effect on student learning outcomes by imparting particular skills, and it is likely that
the students who failed the course or withdrew from the course in the middle of a
semester did not acquire (or acquired in a very limited or inadequate fashion) those
skills. In addition, we excluded the 131 students who took Logic in their first semester,
because they did not have a prior GPA and therefore the effect of Logic cannot be esti-
mated (see details below). The majority of students (around 70%) took Logic in the first
2 years: 17% in the first semester; 19% in the second; 18% in the third; and 16% in the
fourth. After these reductions, the final sample of students who took Logic (i.e., the
“treated” sample) was 588.

Table 1 displays descriptive statistics for the students who took Logic and for the stu-
dents who did not. The two samples have a similar proportion of Hispanic and African
American students. However, only 42% of students who took Logic are female, com-
pared to 58% in the entire population. The socioeconomic characteristics of the two
samples are very similar. We also perceive an interesting pattern regarding the academic
background of these two samples: though students who took Logic have, on average,
higher verbal, writing, and mathematics SAT scores, they also have lower high
school GPAs.
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Measures

Demographics
The student records provided by the University of Pittsburgh contain a wide range of

demographic and academic information about students. Demographic covariates include
gender, ethnicity, date of birth, family’s adjusted gross income, parental education, and
high school identification number. We used this high school identification number to
retrieve information from the Department of Education’s Common Core of Data
(National Center for Education Statistics, 2014) regarding the high school, in particular
the percentage of African American and Latino students in the school and the percent-
age of students eligible for free or reduced-price lunches. These school-level variables
serve as proxies for students’ likely access to quality education (e.g., Bohrnstedt,
Kitmitto, Ogut, Sherman, & Chan, 2015; Fryer & Levitt, 2004; Kao & Thompson, 2003;
Reardon & Galindo, 2009), such as Advanced Placement courses, which include some
argumentative writing.
Prior Academic Achievement
The student records included several academic achievement covariates, such as the

students’ scores in the three main components of the SAT (verbal, writing, and math-
ematics) used by many U.S. universities to make admittance decisions to undergraduate
programs, as well as high school GPA. For the Aptitude�Treatment interaction analy-
ses, we generated a standardized indicator of students’ baseline academic achievement
by averaging the students’ standardized average SAT scores in reading, mathematics,
and writing with their standardized high school GPAs. We used this composite measure
as a comprehensive indicator of students’ baseline academic performance.
Treatment
The students’ academic records included which courses were taken, in which semes-

ter, and which grades were obtained (as well as the number of credits associated with
each class). We used this information to generate our main time-varying predictor,
which is coded as 0 for students who never took Logic and changes from 0 to 1 for

Table 1. Descriptive statistics for students who enrolled in Logic and for students who did not.

Stable characteristics

Took logic (N¼ 588)
Did not take

logic (N¼ 14,183)
Logic – None
difference (SD)Mean SD Mean SD

Demographic
Female 0.42 0.49 0.58 0.49 �0.33
Age at enrollment 19.42 0.84 19.52 1.27 �0.10
Black (%) 0.09 0.29 0.8 0.27 0.06
Hispanic (%) 0.03 0.16 0.03 0.18 �0.04
Academic
SAT Mathematics (standardized) 0.03 0.98 �0.01 1.00 0.04
SAT Writing (standardized) 0.11 1.02 �0.01 1.00 0.12
SAT Verbal (standardized) 0.12 0.98 �0.01 1.00 0.14
High school GPA 3.86 0.46 3.94 0.49 �0.16
Socioeconomic
Average gross income (ln) 11.46 0.85 11.47 0.89 0.00
First generation (%) 0.12 0.33 0.13 0.34 �0.02
Minority in school (%) 12.17 15.19 12.77 16.59 �0.04
Free lunch in school (%) 23.97 17.68 24.10 17.27 �0.01
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students who took Logic in the semester they enrolled in the course. That is, we are
interested in examining the effect of logic both during and after the students take
the course.
GPA as an Outcome
We also used the academic record information to calculate the students’ GPAs in

every semester (the outcome of interest). We estimated the effect of Logic on students’
GPAs in each semester, weighted by the number of credits of each class. The GPA is
based on a 5-point scale (A¼ 4, B¼ 3, C¼ 2, D¼ 1, F¼ 0) and follows a censored nor-
mal distribution with a mean of 3.2 and standard deviation of 0.7. The GPA was calcu-
lated without the grade that students earned in the logic course.

Research Question

As explained above, argumentative skills can be considered foundational, given that they
are required by different disciplines and are a component of key crosscutting skills such
as reading and writing. As a consequence, it is reasonable to assume that the
Introduction to Logic course has an impact on a variety of courses with at least some
emphasis on argument analysis, argumentative reading, and argumentative writing.
Considering GPA as an outcome entails two complications: first, it is a combination of
different classes, some of which might not be influenced by Logic, and, second, students
can choose among courses that vary in difficulty. We dealt with the latter problem by
replicating the results using controls for course difficulty.

At the same time, considering GPA as an outcome provides two main advantages:
first, by averaging multiple grades, it represents a more valid and reliable indicator of
academic performance than the grade of particular courses and, second, given that stu-
dents have a GPA in every semester, we can identify entire academic trajectories and
examine whether Logic has any effect in these trajectories. Furthermore, considering
GPA as an outcome is consistent with our main research hypothesis, namely, that Logic
teaches foundational skills in argumentation and that, as a consequence, they have an
impact on a wide variety of courses. Our main research question is, then, whether tak-
ing a Logic course has an effect on STEM-related students’ academic achievement, as
measured by their GPAs.

Identification Strategy

According to the potential outcome framework formalized by Rubin (1974), in order to
estimate treatment effects, one needs to estimate the counterfactual states for particular
units. Given that the counterfactual states are, by definition, unobservable, one needs to
infer these counterfactuals by imposing particular assumptions (West & Thoemmes,
2010). One of the main assumptions for drawing valid causal inferences is statistical
independence in potential outcomes, which implies that by knowing a unit’s treatment
status one cannot infer anything about its potential outcome. This condition is hardly
met in observational studies and nonequivalent control group designs, which are charac-
terized by self-selection into treatment and control conditions and therefore pretreat-
ment differences in observed and unobserved covariates.
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The bias resulting from differential selection can be solved by conditioning treatment
selection on all confounding covariates. In this case, one can assume conditional inde-
pendence and strong ignorability (Steiner, Cook, Shadish, & Clark, 2010). Given that in
our case the selection mechanism is not well understood, it is difficult to utilize a condi-
tioning strategy to eliminate selection bias. That is, if we want to estimate the treatment
effect we would not be able to assess whether strong ignorability holds, even if we con-
trol for a rich set of covariates. However, the longitudinal structure of the data allows us
to find valid approximations of the true counterfactual under less restrictive assump-
tions. In this section, we describe two strategies that we used to identify the treatment
effect of taking a Logic course. First, we used a difference-in-differences (DiD) approach
to compare the changes in GPAs of the students who took Logic (henceforth the treated
sample) with the changes in GPAs of the students who did not take Logic (henceforth
the control sample). Second, we took advantage of the time-varying treatment structure,
and in an individual fixed-effects framework we used students in the treated sample as
their own controls. These two strategies are described below.

Empirical Specifications

Using the entire sample of students, we used a DiD approach to identify the treatment
effect of taking a logic course. Following Morgan and Winship (2014), we distinguished
between two different treatment indicators: a time-invariant dummy variable (D�

i ) indi-
cating whether a student ever enrolled in Logic at any point in the time span under
study and a time-varying dummy variable (Dit) indicating whether individual i enrolled
in Logic in semester t. Given that we are interested in estimating the effect of treatment
exposure, Dit, we need to control for the selection bias related to treatment status, D�

i .
The basic idea behind the DiD strategy is to examine whether the changes in GPAs of
the treated sample after taking Logic are significantly different from the changes in
GPAs of the control sample in the same period. As Morgan and Winship (2014)
explain, in this strategy one uses the average observed values in the control group in the
posttreatment time periods in order to predict the average counterfactual values in the
treatment group in the same time periods. More specifically, we implemented a group-
level panel regression analysis of the following form:

Yit ¼ lþ sD�
i þ

XT

t¼1

D�
i � dit

� �
d1t þ aDit þ XiCþ eit (1)

where Yit represents the GPA earned by student i in semester t, s represents a fixed par-
ameter measuring unobserved and time-invariant differences between the treatment and
control groups, d1t represents group-specific time trends, a represents the average
treatment effect, Xi are baseline covariates, and l is an intercept. Given that in this
strategy it is crucial to model effectively the group-specific differences in GPA across
semesters, we used a full nonparametric approach to measure time trends, rather than
relying on functional form assumptions.

The key identifying assumption in this approach is that the changes in GPA would
be the same in both groups in the absence of treatment. This assumption would be
incorrect if there are omitted group-specific and time-varying effects correlated with
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treatment status. In order to test this assumption, we performed a second analysis using
only the treated sample. More specifically, we took advantage of the fact that students
in the treated sample enrolled in Logic in different semesters, so we could use the aver-
age observed values of Yit for the “late enrollees” to predict the average counterfactual
values of Yit for the “early enrollees.” For this purpose, we implemented a model includ-
ing both semester- and person-specific fixed effects, which can be written as

Yit ¼ lþ dt þ si þ aDit þ eit (2)

where dt represents semester-specific time trends, s represents a fixed parameter meas-
uring time-invariant person-specific unobservables, a represents the average treatment
effect, and l is an intercept.

This empirical specification eliminates potential confounding variables related to
treatment group membership, unobserved and stable person-specific characteristics, and
common time trends. However, this approach does not remove potential bias related to
time-varying confounds. In particular, one might worry about potential dynamic proc-
esses, where students’ selection into treatment might be related to their previous GPAs.
In order to test this possibility, one can include the lag value of Yit; Yi;t�1, in
Equation 2. Incorporating the lagged dependent variable can be also justified by the fact
that students’ academic achievement in semester t might be determined by the students’
achievement in semester t� 1. That is, including Yi;t�1 can be a good way of control-
ling for temporal dependencies. However, as is well known in the econometric literature,
including the lagged dependent variable in a fixed effects model generates biased coeffi-
cients, because Yi;t�1 is related to the average value of the error term (see, e.g., Angrist
& Pischke, 2008). Consequently, in order to include Yi;t�1 while controlling for individ-
ual unobserved and stable characteristics, we took advantage of the multiple waves in
the data set and used the Arellano-Bond estimator, which uses lagged values and lagged
differences of the dependent variable as instruments (see Arellano & Bond, 1991).

Results

Main Effects of Logic

Table 2 displays the main results of our two analytic strategies.1 Columns 1 and 2 pre-
sent the estimates using the whole sample and a DiD approach. By comparing these col-
umns, one can perceive that the estimated effect of Logic decreases from 0.08 to 0.07
when the stable covariates are included. The results also indicate that, on average, the
GPA of the students in the treatment group is around 0.27 points higher than the GPA
of the students in the control group, even after controlling for baseline achievement and
other invariant characteristics.

The DiD strategy relies on the parallel trend assumption, according to which the out-
come variable follows the same time trend in the control group and the counterfactual
states of the treatment group. Though this assumption cannot be empirically demon-
strated, a common way of testing it is by comparing the time trends of the treatment
and control groups before treatment (Angrist & Krueger, 1999). If the assumption holds,

1Full regression results are included in the Supplemental Material.
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then one should not find any pretreatment trend differentials between the treatment
and control groups (i.e., the difference between the groups should remain constant over
time). In order to assess this assumption, we included a series of pretreatment indicators
(or “leads” of the treatment) in Equation 1. The first lead, for example, captures the dif-
ference in outcomes between the treatment and control groups one semester before
treatment. As expected, we found no evidence of pretreatment trends, v2(6) ¼ 5.56, p ¼
.475. As Table 2A in the Supplemental Material shows, the coefficients of each lead
term were far from being statistically significant. This result supports our DiD strategy,
because there is no evidence of any trend that is specific to the treated sample and that
could explain the estimates displayed in columns 1 and 2.

Columns 3 and 4 in Table 2 present the estimates using only the treated sample in a
two-way fixed effects framework. The estimated effect of Logic in these two models is
consistent with the results obtained using the whole sample. Furthermore, these coeffi-
cients remained stable when we varied the model specifications; for example, when we
added individual slopes (the results of this model are included in the Supplemental
Material). Column 4 presents the results after including the lag value of the dependent
variable using the Arellano-Bond estimator.2 One can perceive that the coefficient of the
lag GPA is not significant, and its inclusion in the model has a negligible effect on the
main predictor (even though it pushes its p-value slightly above the .05 significance
level). What is important, however, is that we do not observe any sign of dynamic selec-
tion or time-varying confounds that are related to the lag GPA.

Table 2. Estimated effect of taking a Logic course on academic achievement.
Whole sample DiD Logic takers two-way fixed effects

1. No covariates 2. Covariates included 3. No lag effect 4. Lag included

Logic effect 0.080�� 0.071� 0.072� 0.072
(0.029) (0.028) (0.030) (0.039)

Treatment group 0.225��� 0.268���
(0.046) (0.045)

Lag GPA 0.074
(0.151)

Control variables
Semester dummies Yes Yes Yes Yes
Stable covariates No Yes No No
R2 0.04 0.17 0.07 0.04
Number of students 14,771 14,771 588 580
Number of semesters 79,852 79,852 4,012 2,767
Average number of semesters 5.4 5.4 6.8 6.8

Note. Columns 1 and 2 were estimated using a DiD strategy, and columns 3 and 4 were estimated using an individual
two-way fixed effects framework. Given that one cannot estimate the effect of stable characteristics in a within estima-
tor, stable covariates were not included in the subsample analysis. The R2 in columns 1 and 2 represents the overall R2,
and in columns 3 and 4 we display the within R2. We report both the total number of observed semesters, as well as
the average number of semesters per student. The standard errors were constructed to allow for heteroskedasticity and
clustering at the student level.�p< .05. ��p< .01. ���p< .001.

2The model met the two main assumptions of this procedure (see Arellano & Bond, 1991). First, there was no second-
order autocorrelation among the residuals, because the null hypothesis of no autocorrelation was not rejected
(z¼ 0.754, p¼ .451). Second, we could not reject the hypothesis according to which the overidentifying restrictions
were valid, v2(20)¼ 22.45, p¼ .317. That is, the instruments used in the procedure appear to be truly exogenous,
because they are not related to the second-stage residuals.
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This set of results provides a robust estimate of the effect of Logic on GPA of around
0.07 points, which is equivalent to 10% of a standard deviation in the overall distribu-
tion. Borrowing from Donato and Thomas’s (2017) discussion of effect sizes, we can say
that 0.07 points is approximately one third as large as the difference between B and Bþ
(0.25 grade points).

Controlling for Course Leniency

One particular threat to validity that we have not addressed directly is related to course
choice behavior and the fact that students can selectively choose leniently or harshly
graded courses (Donato & Thomas, 2017). This would represent a threat only if course
leniency is correlated with treatment status (in the case of our group-level strategy), as
well as to treatment exposure. In order to examine this potential threat, we tried two
different strategies. First, we included in Equations 1 and 2 a time-varying and person-
specific measure of course leniency, cit , representing the average GPA of the classes that
student i took in semester t. For example, if cit equals a mean course grade of 2, then
the student took “difficult” classes in that semester, whereas if cit equals 4, the student
enrolled in “easy” classes. Column 1 in Table 3 displays the results of this strategy using
Equation 1 (i.e., the group-based approach), and column 2 displays the results using
Equation 2 (i.e., the individual-based approach). In both cases, the estimated effects of
taking Logic grow to be approximately twice as large (0.134 and 0.143, respectively).

Our second strategy consisted of predicting a standardized GPA, based on the mean
and standard deviation of each particular course. Column 3 in Table 3 presents the
results of this strategy using Equation 1, and column 4 presents the results using
Equation 2. Again, in both cases the estimated effects of taking Logic become slightly
larger (0.109 and 0.117, respectively) compared to our previous standardized results
(SD¼ 0.10). Given that the estimated effects get larger when one adjusts for course diffi-
culty or teacher grading, one can conclude that the initial coefficients might be
biased downward.

Table 3. Estimated effect of taking a Logic course controlling for course difficulty.
GPA Standardized GPA

1. DiD 2. Fixed effects 3. DiD 4. Fixed effects

Logic effect 0.134��� 0.143��� 0.109��� 0.117���
(0.026) (0.028) (0.023) (0.025)

Treatment group �0.113�� �0.253���
(0.042) (0.035)

Average GPA 0.782��� 0.776���
(0.011) (0.046)

Control variables
Semester dummies Yes Yes Yes Yes
Stable covariates Yes No Yes No
R2 0.29 0.19 0.16 0.02
Number of students 14,771 588 14,771 588

Note. The dependent variable in columns 1 and 2 is an unstandardized GPA, and in columns 3 and 4 the dependent
variable is a standardized GPA. Columns 1 and 3 were estimated using the whole sample and a DiD strategy, and col-
umns 2 and 4 were estimated using a subsample and an individual two-way fixed effects framework. The standard
errors were constructed to allow for heteroskedasticity and clustering at the student level.�p< .05. ��p< .01. ���p< .001.
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Timing Effects of Taking Logic

In addition to identifying the average effect of Logic, we were interested in examining
potential “timing effects”; that is, differential effects of taking the course in different
semesters. In order to examine this issue, we applied the DiD strategy described by
Equation 1 for each subgroup of students separately (i.e., for the students who took
Logic in the second semester, in the third semester, and so forth). We defined seven
treatment groups, associated with the seven semesters in which students could have
enrolled in the course (starting in the second semester). It is worth noting that in each
of these subsamples all students took Logic at the same time and, as a consequence, we
could not use the specification described by Equation 2, because in that strategy we
exploit variations in timing between students in the treatment group.

Table 4 presents the estimates of taking Logic for the seven different treatment
groups using the DiD approach. One can perceive that the effect of Logic is positive for
all treatment groups, but it is only statistically significant for the students who took the
course in the first three semesters. In addition, as Figure 2 illustrates, the effect is higher
in the initial semesters and decreases over time. The effect in the first semesters is very
high; in particular, the difference in GPA for the students who took Logic in the second
semester (0.35 grade points) represents around 50% of a standard deviation, which is
more than the difference between B and Bþ (0.25 points). The estimated effect for the
students who took the course in the third semester is equivalent to 43% of a standard
deviation, and the effect for those who took in their fourth semester is equivalent to
43% of a standard deviation.

Heterogeneous Effects by Baseline Academic Achievement and Subject-
Matter GPAs

We were also interested in examining potential heterogeneity in the effects of the course
conditional on the students’ baseline academic achievement. In order to examine this
issue, we divided the population in quartiles based on the students’ composite standar-
dized academic achievement score and then computed the effect of taking Logic for

Table 4. Estimated timing effects of taking a Logic course.
Semester 2 Semester 3 Semester 4 Semester 5 Semester 6 Semester 7 Semester 8

Logic effect 0.352��� 0.302��� 0.297��� 0.055 0.071 0.195 0.154
(0.079) (0.084) (0.077) (0.091) (0.075) (0.168) (0.143)

Treatment
group

0.013
(0.061)

0.009
(0.056)

0.144�
(0.057)

0.158�
(0.072)

0.288���
(0.075)

0.131
(0.136)

0.255
(0.147)

R2 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Total number

of students
14,324 14,311 14,296 14,277 14,248 14,211 14,202

Number of
students in
the treat-
ment group

141 128 113 94 65 28 19

Note. All models were estimated using the DiD strategy and include semester fixed effects and stable covariates. Each
model was estimated with a different treatment group, associated with the semester in which the students took the
logic course. The standard errors were constructed to allow for heteroskedasticity and clustering at the student level.�p< .05. ��p< .01. ���p< .001.
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each of these groups, using our DiD strategy. In other words, we estimated the effect of
treatment exposure for four different treatment groups, using the corresponding control
group to predict their respective counterfactual. As in our main specification described
by Equation 1, the four achievement groups had a fixed parameter measuring unob-
served differences, and the eight subgroups (created by the treatment status and achieve-
ment combination) had a specific nonparametric time trend.

Table 5 presents the number of students in each group as well the average predicted
GPA in each quartile, holding constant the other covariate values at their analytic sam-
ple means. The results indicate that the treatment effect is only significant in both ends
of the achievement distribution, with an estimated effect of 0.129 (p< .001) for the low-
est quartile and 0.081 (p< .05) for the highest quartile. Thus, taking a logic course is
especially beneficial for students with low academic achievement, with an effect of 18%
of a standard deviation, which is equivalent to around half as large as the difference
between B and Bþ.

Figure 2. Estimated timing effects of taking Logic.

Table 5. Estimated effect of Logic conditional on students’ baseline academic achievement.

Quartile

Number of students
Predicted

achievement Treatment effect

Control Treatment Mean SE Estimate v2 p-Value

1 3,532 160 2.83 0.010 0.129 13.77 .000
2 3,493 141 3.05 0.009 �0.008 0.03 .855
3 3,621 142 3.20 0.009 �0.038 0.80 .371
4 3,537 145 3.47 0.008 0.081 5.07 .024

Note. p-Values indicate the probabilities that the treatment and control groups are equal. The predicted achievement
and the treatment effects were estimated using the entire sample (N¼ 14,771) and the DiD strategy described by
Equation 1. All of the baseline covariates were included except for high school GPA and average SAT to avoid collinear-
ity. The standard errors were constructed to allow for heteroskedasticity and clustering at the student level.
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Though we hypothesized that the students with low baseline academic achievement
would benefit from taking a logic course, we were not expecting a significant effect
among the students with high baseline academic achievement. In order to understand
why this occurs, we examined the extent to which taking Logic affects the students’ per-
formance in particular courses. For this purpose, we created three different GPAs, based
on broad disciplinary categories: a math GPA, which included all classes in mathematics
and statistics3; a natural sciences GPA, which included classes in biology, chemistry,
neuroscience, and physics; and a social sciences GPA, which included classes in eco-
nomics, sociology, history, psychology, and political science. Given that the threats
related to course leniency increase when one considers the students’ performance in spe-
cific courses, we standardized these GPAs based on the mean and standard deviation of
each particular course.

Using our DiD strategy, we computed the effect of taking Logic on the different
GPAs for each of the four achievement groups as well as the whole sample. As Table 6
indicates, the point estimates were not precisely estimated, because in general they have
relatively large standard errors. This might be related to a variety of factors, notably a
smaller sample size and differences in the distribution of the courses used to compute
the different GPAs. The average number of GPAs by student ranges from 1.8 to 4.3
(compared to the average number of 5.4 semesters used in our main analysis). In add-
ition, the observed GPAs of different students might correspond to different semesters.

With these caveats in mind, however, one can perceive that taking Logic is associated
with a statistically significant increase in performance in the math GPA for the whole
sample (0.133), as well as for the students in the highest quartile of baseline academic
achievement (0.303). In addition, the point estimates associated to the natural sciences
GPA tend to be higher than those related to the social sciences GPA, but none of these
effects are statistically significant. These results suggest that taking Logic helps high-
achieving students improve their performance in math courses. At the same time, we do

Table 6. Effects of taking Logic on subject-matter GPAs.
Math GPA Social sciences GPA Natural sciences GPA

Sample Treatment effect

Average
number of

GPAs
per student

Treatment
effect

Average
number of
GPAs

per student
Treatment
effect

Average
number of

GPAs
per student

Q1 0.192 2.2 �0.054 3.1 0.062 3.3
(0.134) (0.079) (0.089)

Q2 0.126 2.1 �0.116 3.0 0.124 3.6
(0.135) (0.088) (0.085)

Q3 �0.125 1.9 �0.06 2.8 �0.092 3.9
(0.123) (0.092) (0.078)

Q4 0.303�� 1.8 0.035 2.7 0.087 4.3
(0.116) (0.088) (0.073)

Whole sample 0.133� 2.0 �0.034 2.9 0.054 3.8
(0.068) (0.045) (0.041)

Note. All models were estimated using the DiD strategy and include semester fixed effects and stable covariates.
The standard errors were constructed to allow for heteroskedasticity and clustering at the student level.�p< .05. ��p< .01. ���p< .001.

3The subject-matter classifications are included in the transcripts provided by the university.
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not find evidence suggesting that the skills acquired in Logic transfer to natural or social
sciences courses.

Model Testing

In order to increase confidence in the estimated effects and assess our empirical specifi-
cations, we conducted a placebo test by estimating the effect of a course that we consid-
ered would not have a direct effect on student achievement. For this purpose, we chose
the course Introduction to World Music (hereafter “Music”), which can provide import-
ant knowledge and skills but is not intended to cover foundational academic skills. In
addition, this course provides several methodological advantages (similar to the charac-
teristics of the Logic course): (a) a large number of students in our sample took the
course (n¼ 1,525); (b) the course belongs to a non-STEM major (so we can expect that
the control group did not acquire the knowledge and skills in other courses); and (c)
students enrolled in the course in different semesters (with a maximum of 381 in the
second semester and a minimum of 69 in the eighth semester).

As with Logic, we excluded the students who took the Music course in their first semester,
as well as the students who had a failing grade in the course. In order to estimate the effect
of Music, we followed the same procedure described above for estimating the Logic course
effects. Columns 1 and 2 in Table 7 display the estimated effects using our two main empir-
ical specifications. One can perceive that, according to our hypothesis, the effect of taking a
music course on academic achievement is not significantly different from zero, even though
the treatment group is different from the nontreatment group in overall GPA. Further, stand-
ard errors are small enough to establish that any effect of Music would likely be much smaller
than the estimated effect of Logic. This placebo test contributes, then, to a validity argument
in support of our empirical specifications and the conclusions we derived from them.

General Discussion

Argumentative abilities are widely considered foundational skills that are key compo-
nents of academic success across modalities and disciplines. Consequently, an important
question that arises is whether argumentative abilities can be explicitly taught and have

Table 7. Estimated effect of taking a Music course on academic achievement.
1. Whole sample DiD 2. Music takers fixed effects

Music effect 0.017
(0.015)

0.028
(0.016)

Treatment group 0.357���
(0.025)

Control variables
Semester dummies Yes Yes
Stable covariates Yes No
R2 0.17 0.07
Number of students 14,677 1,525
Number of semesters 79,420 10,607
Average number of semesters 5.4 7.0

Note. Column 1 was estimated using a DiD, and column 2 was estimated using an individual two-way
fixed effects framework.�p< .05. ��p< .01. ���p< .001.
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an effect on students’ general academic success. Multiple meta-analyses on argument
and critical thinking interventions, as well as a range of studies in the learning sciences,
suggest that teaching abstract concepts and rules in argumentation can help students
acquire argumentative abilities and facilitate the application of this knowledge in differ-
ent contexts. However, there is no evidence suggesting that explicit instruction in argu-
mentation can improve students’ academic achievement, because most studies either
consider laboratory-based interventions with limited scope and generalizability or do
not examine transfer effects.

This study provides evidence that taking a naturally occurring Introductory Logic
course is associated with a positive increase in students’ academic achievement. In order
to estimate treatment effects, we used two different strategies and analytics samples: a
DiD approach using the whole sample and an individual fixed effects approach using
only the treated sample. The two analyses provided highly consistent results, which
strengthens confidence in the estimated effects. We also successfully conducted a pla-
cebo test in order to assess our empirical specifications.

The estimated overall effect of the logic courses on students’ GPA is 0.07 (d¼ 0.10),
which can be considered a small effect by traditional standards (Ellis, 2010). In order to
explore effect heterogeneity, we divided the sample into four groups according to their
composite measure of academic achievement and calculated the effect of taking Logic
for each of these groups. For the lowest quartile, taking Logic is associated with an
increase of 0.13 points in GPA (d¼ 0.18). Taking Logic is also associated with a 0.08
positive difference in GPA (d¼ 0.12) for students in the highest quartile. However, tak-
ing Logic is not associated with a significant difference in GPA for students in the two
middle quartiles of baseline academic achievement. We further explored the heterogen-
eity in the effects and found that the effect is significant only for the students who took
the course in the second, third, and fourth semesters (d¼ 0.50, d¼ 0.43, and d¼ 0.42,
respectively). These effects, corresponding to 0.35, 0.30, and 0.29 grade points, respect-
ively, represent more than the difference between B and Bþ (0.25 points).

To put these effect sizes into context, we can compare them with previous findings
regarding the effectiveness of FYS, another kind of foundational skills intervention for
university students taught through a single course. According to a recent meta-analysis
(Permzadian & Cred�e, 2016), the overall effectiveness of FYS on the first-year GPA is
very small (d¼ 0.02), and it varies conditional on a series of subgroup moderators; for
example, whether they provide academic content (d¼ 0.09) or target academically
underprepared students (d¼ 0.02). Thus, if one conceives Introductory Logic courses as
foundational courses that should be taken early, especially by academically underpre-
pared students, our results suggest that these courses are more effective than FYS (given
that our effect sizes with similar moderators range from 0.18 to 0.50).

In order to better understand the heterogenous effects by baseline academic achieve-
ment, we examined the extent to which taking Logic affects students’ performance in
particular courses. For this purpose, we used the DiD strategy to estimate the effects of
taking Logic on students’ GPAs in mathematics, natural sciences, and social sciences
independently. Though these estimates were less precise (due, among other things, to
differences between the distribution of the courses used to calculate the different GPAs),
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the results suggest that taking Logic is beneficial for the students’ performance in math-
ematics and in particular for students with high baseline academic achievement.

This result is not entirely surprising, given that mathematical abilities are strongly
related to logical reasoning skills (Ayalon & Even, 2008; Morsanyi et al., 2013).
Furthermore, high-achieving students might benefit more from logic courses, because
rigorous logical proof is especially relevant in advanced work in mathematics. At the
same time, the absence of significant transfer effects to social sciences and natural scien-
ces courses reinforces the idea that, by focusing on formal languages, common logic
courses might not necessarily influence natural argumentation (which is mostly com-
posed by informal arguments; see, e.g., Blair, 2015). The limitations of a purely formal
approach to argumentation (and reasoning in general) have been pointed out by some
authors (e.g., Johnson-Laird, 2010; Johnson-Laird, Khemlani, & Goodwin, 2015), and
several studies suggest that individuals are more likely to apply relevant knowledge in
new situations if the information encoded contains both abstract and concrete represen-
tations (e.g., Duschl & Osborne, 2002; Goldstone & Son, 2005).

Notwithstanding the limitations of formal instruction in argumentation, our findings
suggest that some students benefit from a foundational course in logic. Consistent with
our research hypotheses, taking a logic course is especially beneficial for students who
take the course early on and for students with low baseline academic achievement.
From a practical standpoint, our results suggest that higher education institutions
should consider ways of gauging STEM students’ basic argumentative and logical skills
and, based on this information, help these students make adequate course choices. At
the same time, further research is needed to examine more effective ways of teaching
basic argumentative skills that can transfer to different modalities and domains.

Limitations

It is worth mentioning that though we estimated the effect of Logic using multiple
methods and obtained similar results, we should be cautious about drawing strong
causal inferences from observational data. The study used a variety of strategies for
improving the strength of the claims: longitudinal rather than cross-sectional data; fixed
parameters measuring unobserved and time-invariant differences between treatment and
control units at the group or individual level; inclusion of many performance-related
covariates; and a context in which a logic course is taken for a variety of reasons and at
different time points. However, other causal method designs should also be conducted
to verify the current findings and eliminate potential sources of bias that may not have
been fully controlled within our analyses.

Compared to other laboratory-based research or curricular interventions, the present
study contributes to the literature by examining the effects of naturally occurring
courses on students’ performance in other courses. However, a limitation of this
approach is that we cannot fully test the theory of action behind our research hypoth-
esis. That is, we cannot categorically affirm that, as our theory of action suggests, stu-
dents (and in particular students with low baseline academic achievement) improve
their performance in other subjects by acquiring abstract knowledge related to argumen-
tative reasoning. Though this is a plausible explanation given the extant literature in
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argumentation as a generic skill, the specific mechanisms through which logic courses
affect academic performance remain vaguely delineated. In order to examine these
mechanisms in more detail, one could randomly assign students to specific kinds of
instruction in argumentation and measure learning gains using appropriate measures of
argument performance. Ideally, these measures would also assess argumentative skills in
different modalities and embedded in different disciplinary contexts, so we can obtain
more precise estimates of transfer effects.

Separately, given that the majority of students in our sample were pursuing STEM-
or health-related majors at a strong research university, replications are needed to exam-
ine to what extent these results are generalizable to other kinds of students (e.g., social
sciences or humanities students or students with even lower academic preparation).
Based on claims in the literature that argumentation is broadly useful, similar benefits
should also be expected in students in the social sciences or humanities. However, given
that according to our results logic courses have larger effects on student performance in
mathematics, it is unclear to what extent students from different disciplines would bene-
fit from these courses.

Conclusion

The findings of the present study support the idea that educational institutions should
provide students with the foundational skills necessary for learning material at a deep
level. This contradicts the “learning by consumption” model of education; that is, the
“overwhelming assumption in our educational system that the most important thing to
deliver to students is content” (Mcnamara, 2010, p. 341). Now, though many researchers
have stressed the importance of teaching foundational skills that can be transferred
across disciplines and help students learn content at a deep level, there is no agreement
regarding how to define or identify these general skills (Rychen & Salganik, 2003;
Weinert, 2001). The available research evidence regarding the effects of acquiring par-
ticular skills on future outcomes is mostly correlational, and many studies investigate
competencies that are not clearly defined (Pellegrino & Hilton, 2013). In addition, most
studies examine learning outcomes within particular subjects, providing little evidence
regarding the extent to which developing generic knowledge and skills can be trans-
ferred across contexts and disciplines (Pellegrino & Hilton, 2013).

In this study, we tackled these issues by using a quasi-experimental design to examine
how the performance in actual courses is affected by taking a naturally occurring course
that teaches a well-defined set of skills. Our findings suggest that learning the basic con-
cepts and rules of argumentation, as taught in an introductory logic course, can improve
students’ academic achievement. Our findings also support the hypotheses that this kind
of instruction is especially beneficial for students with a low baseline academic achieve-
ment. All of these results are consistent with the idea that argumentative skills prepare
students for future learning.

At the same time, the present study highlights the need for rigorous experimental or
quasi-experimental investigations on the effects of teaching particular skills on students’
academic performance. The majority of studies related to postsecondary success evaluate
program participation rather than the acquisition of particular skills, and these studies
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assess the impact on grades or retention rather than well-defined learning outcomes.
However, as Morgan and Winship (2014) note, a causal effect is properly defined only
when all of its nested mechanisms have been correctly identified. In the case of aca-
demic success, this might entail opening up the black box related to the foundational
skills that enable durable and flexible learning.
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