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Abstract

In this paper we study an approach to support undergraduate
teaching assistants - UTAs - in their teaching with more ped-
agogical content knowledge. This paper builds upon prior
work on the integration of explicit strategies to observe and
analyse how UTAs make actual use of subgoal learning (SL)
as explicit instructional strategy in their daily teaching prac-
tice. From empirical evidence, we extract instructional design
advice on how to integrate different subgoal learning strate-
gies throughout a CS1 course.

Our study 1) focuses on the effects of SL integration in UTA
practice, 2) explores fidelity of their implementation of SL
and 3) studies the different ways UTAs use the strategies. We
use observations and surveys to analyse UTAs interventions
during their lab sessions, and cross these observations results
with UTASs’ self-reported data through two surveys.

Our main results are that SL integration through exercises
is a major trigger of strategy use. Training and follow-up
of the UTAs have impact, since UTAs feeling familiar with
subgoal learning correlates positively with their successful
observed use of subgoal learning. More frequent and stronger
uses of the strategy were observed by UTAs self-reporting
more frequent uses. And finally, UTAs express that subgoals
are best suited for introducing concepts and especially the
more structured ones.

CCS Concepts: « Social and professional topics — Com-
puter science education.

Keywords: Subgoal learning, Programming course, UTA
training, CS1, observational study
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1 Introduction

Introductory programming courses (CS1) are notoriously
challenging as demonstrated by their high failure rates. But
it does not have to be that way. Since a lot of CS depart-
ments use (under)graduate teaching assistants - (U)TAs - as
teaching staff for their courses [8, 11], we decided to assist
and train them with more pedagogical content knowledge
(“subject matter knowledge for teaching” [28]).

Based on educational theories of cognitive load theory [31,
32] and learning transfer [4, 34] and their impact on instruc-
tion design [16, 33], we decided to integrate subgoal learning
(SL) [5, 18] in a CS1 programming course that uses a problem-
based learning methodology. The SL explicit instructional
strategy consists in teaching explicitly the generic solving
steps (the subgoals for a concept) an expert goes through
when solving a problem using a specific concept. The steps
are then labelled and the labels can be explicitly used by the
teaching staff. The goal being to reduce cognitive load for
students and fostering learning transfer. In this study, we
integrated SL throughout the course by integrating these
labels in the different resources of the course: course’s slides,
exercises’ statement, UTAs training and material.

Extending previous research [14, 15] on the integration of
explicit strategies and following design research principles
in education [2], our goal is to bring research to practice [27]
and to observe and analyse how 21 UTAs make actual use
of subgoal learning as explicit instructional strategy in their
daily teaching practice. We extract empirical evidence for
instructional design advice on the integration of subgoal
learning throughout a CS1 course. Our study answers the
following research questions:

RQ1 What are the effects of subgoal learning integration
on the UTAs’ uses of the strategy?


https://orcid.org/0000-0002-1610-4985
https://orcid.org/0000-0003-0303-1630
https://orcid.org/0000-0003-0722-0156
https://doi.org/10.1145/3689493.3689986
https://doi.org/10.1145/3689493.3689986
https://doi.org/10.1145/3689493.3689986

SPLASH-E ’24, October 24, 2024, Pasadena, CA, USA

RQ2 How do UTAs use the subgoal learning strategy
according to our fidelity of implementation criteria?

RQ3 Can we classify UTAs’ usage of the strategy in
categories according to their observed usage and self-
reported opinion on their usage of subgoal learning?

We will also discuss briefly what is the level of students’
awareness of the strategy.

2 Background and Related Work

Subgoal learning was introduced by Catrambone [5] with
the idea to foster learning transfer. It combines the worked-
example effect and the annotation of steps or subgoals with
labels, in order to highlight the generic structure of a prob-
lem solving procedure. Worked examples have been stud-
ied and shown to help students learn programming [9, 22].
Highlighting and explicitly teaching the steps of recurring
patterns in the resolution of similar problems is not new
in programming education [7, 30]. Margulieux et al. [20]
combined the idea of worked examples with labeling the
steps behind common code structures, proposing subgoal
labelled worked examples (SLWEs) in computing education.
Margulieux et al. showed that subgoal learning helps “stu-
dents learn more effectively without increasing the amount
of time students take to learn” [17]. They argued that sub-
goal learning benefits come from the combined effect of
worked examples and reduced cognitive load on the learners
and that it aids the development of mental models which
helps for learning transfer. Atkinson et al. also found that
“sequentially-presented examples with clearly isolated subgoals
produce better conceptual performance” [1].

The selection of this strategy as an instruction interven-
tion for training UTAs in order to foster learning transfer and
reduce cognitive load [24, 33] has been discussed in previous
works [14, 15].

UTAs in Computer Science. This study aims to bring re-
search to practice by bringing evidence-based instructional
strategies to Undergraduate Teaching Assistants (UTAs)’
mentoring. UTAs or undergraduate tutors are heavily used
in computer science courses [21] because they allow to
break down large students cohorts into more efficient class-
rooms settings, allowing these highly demanded courses
to scale [11]. In their literature review, Mirza et al. men-
tion benefits to UTAs and to students. But being an UTA
does not come without challenges [26]. Riese et al. mention
student-focused challenges like teaching students with dif-
ferent profiles, but also what best practices to use to teach
CS content properly and threats like time constraints [26].

Regarding training, some universities have dedicated courses
to provide UTAs with a.o. pedagogical knowledge on learn-
ing theories, assessment and classroom management [6, 25].
While our UTAs also follow such a course [29], the aim of this
research is to bring pedagogical content knowledge specific
to a CS1 course to foster learning transfer for students.
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Design Research in Education. The goal of design re-
search is to produce actionable knowledge to achieve an
educational goal through the design of instruction [2]. It is
used to guide, test and refine educational practices, to fill a re-
search gap in the practical design of instruction in a real-life
classroom setting. This process often goes through multiple
iterations and is guided by design principles. Typically, the
output of a design research will be a list of design principles
on characteristics and methodological aspects to include in
the instruction supported by both theoretical and empirical
arguments [2]. Examples in computing education research
exist for introducing programming in primary schools [12]
or the design of teacher ebooks integrating worked exam-
ples [10]. We were also inspired to use this approach by
Margulieux et al.: “A key idea in this paper is that instruc-
tional design matters. The two groups did not differ in the
content of the instruction but in the design of that material
(e.g., whether subgoals were made explicit).” [19]

Fidelity of Implementation. Since we are making sense
of how UTAs can integrate a new instructional strategy in
their practice, we also wanted to have a tool for this. Research
looks at their appropriation through two constructs: the
adaptation that teachers will inevitably make and the fidelity
of implementation of that strategy defined as the degree to
which procedures are implemented as planned [23]. In an
effectiveness study, where we look at the integration of an
evidence-based strategy in a classroom setup, adaptation is
inevitable. This study aims at documenting more accurately
the impact of design choices to integrate subgoal learning by
also looking at fidelity of implementation to how accurately
and when the strategy is used [3] by UTAs (RQ2).

Prior Work. The current study uses a design research pro-
cess [2] to build upon prior work that aimed at integrating
explicit instructional strategies in a CS1 course to foster learn-
ing transfer and decrease cognitive load for students learning
how to program [14, 15]. While previous work trained a small
proportion of volunteer UTAs with multiple strategies,our
study is focusing on subgoal learning (SL), integrates the
strategy globally throughout the course and involves all 25
UTAs. RQ1 will study the effects of this integration on the
UTASs’ uses of the strategy.The most mentioned issue by
UTAs in focus groups and follow-up discussions in previous
work was that, for them, to use SL during their lab sessions
took too much time [15]. Indeed, they had to introduce the
strategy to the students for the first time and then present a
specific, provided, worked example and the corresponding
subgoals and labels before being able to reference them in
their instruction. UTAs argued that they would benefit from
an introduction of the subgoals and labels directly in the
course material or by the teachers. We also observed that
for the other strategy used in that study (i.e. explicit trac-
ing), an important trigger was to have explicit prompts in
students’ exercises statements [15]. These results led us to
fully integrate SL throughout the CS1 course material.
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Figure 1. The different moments that structure a mission of
the CS1 course (adapted from Goletti et al. [15]).

3 Study Design and Methodology

This section describes the methodology followed to integrate
subgoal learning in the course and to collect and analyse data
during the study. Fig. 2 presents a comprehensive timeline
of the different moments in the semester when training and
data collection were done.

We used a mixed-method approach in our study. We used
qualitative analysis through both the coding of observations
and surveys. To answer RQ3 we wanted to be able to cross
the results of the observations of the 21 UTAs made by our
6 observers, the UTASs’ self-reported impression on their
appropriation of the strategy and the students’ perspective.

In Fig. 2, for each observed week, an id of the type "wXmY"
is used. It stands for "week number X of the semester and
mission number Y of the course"'. Apart from the training
week (w3mz2), three other weeks were observed, each of
which with its associated course topics and concepts:

e w5md4 on list traversals and functions;
e w7m6 on file manipulation and exceptions;
e w12-13m11 on the linked list data structure.

3.1 CS1 Course Structure

While the structure of the CS1 course has already been pre-
sented in detail in a previous publication [15], we still provide
a quick summary here. The course consists of 11 missions
spread over 12 weeks. Each mission introduces different
programming concepts. For example, mission 10 introduces
object-oriented programming. Fig. 1 presents the typical or-
ganisation of a mission.

3.2 Subgoal Learning Integration

In our current study, we identified key resources of the course
that could be impacted by the integration of Subgoal Learn-
ing (SL) and designed a fading approach for the integration of
subgoals and labels in the course, in accordance with CLT in-
spired instructional principles. The present study makes use
of our own subgoals and labels developed and adapted to the
concepts and language (Python) of our own CS1 course [13].
Table 1 presents for each course moment as presented in

ITypically, Y = X - 1, except for the last mission wich was spread over two
semester weeks.
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Fig. 1, what staff is involved, what resources mobilised and
how SL was integrated.

The subgoals used in our study are specific to the concepts
seen in the course and adapted to Python. They were written
following a task analysis procedure [13]. The concepts cov-
ered are: assignment, conditionals, while loop, for loop and
sequence traversal, functions, file read, file write, dictionary
update, adding a node to a linked list and removing a node
from a linked list.

Table 1. Resources used in the course per moment and how
they were adapted to integrate subgoal learning. (T = Teach-
ers; TA = Teaching Assistants; UTA = Undergraduate Teach-
ing Assistants; S = Students)

moment staff ‘ target ‘ resource ‘ SL
Tutor Brief- | T+ TA | UTA oral
ing i

Lecture T S introduction SBS
week i slides

Preparation - S exercises syl- | prompts
phase labus

Tutored UTA S exercises syl- RQ
start-up labus

session

Realisation - S exercises syl- -
phase labus

Realisation | UTA correction SLFS
grading guide

Tutored UTA S correction RQ
sum-up guide

session

Lecture T S restructuring | SLFS
week i +1 slides

We distinguish two different types of subgoal labelling
utilisation. (1) Step-By-Step Subgoal labeled worked examples
(SBS) are worked examples that use each label one by one to
illustrate at each step how the generic corresponding subgoal
for that concept is used in a concrete example. The integra-
tion of such SBSs is mainly done by teachers during their
lectures, but a UTA using the labels and solving procedure
to provide students with an exercise solution could also use
SBSs. In order to integrate SBSs in the course, we had to mod-
ify teachers’ slide decks and this took some work back and
forth with teachers. (2) Subgoal Labeled Final Solutions (SLFS)
would be used after the labels had already been introduced
once. The aim is to show final solution or solved examples
without necessarily going through the whole solving process
but by annotating what code pertains to what label. Typi-
cally, those would be shown in the teachers restructuring
slides to remind students of the labels or the result of an UTA
annotating code on the blackboard during a lab session.
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Figure 2. Timeline of the semester with observers’ training weeks in green and actual observations in purple.

The integration of SL in the course consisted in the modi-
fication of the slides with SBSs and SLFSs, as shown in Fig. 3.
This allowed for the introduction and repetition of the labels
for the students in a passive way. Since it was also new for
the teachers, some details on the extended subgoals, not just
the labels, were also added in their presenter notes. Since we
knew that prompts in students’ exercises statements were
also triggers for strategy use, we also added the labels in the
first exercises making use of the targeted concepts. The labels
are linked each time to a complete SLFS listing, called the
catalogue, where the subgoals, labels and annotated exam-
ples (SLWEs) are gathered per concept. This full catalogue is
available to the students as an appendix of the exercises syl-
labus. Prompts are a list of the labels or simplified subgoals
with a link to this catalogue.

The last integration step relates to the UTAs. Next to the
training of UTAs, we add reminders in the correction guide
for UTAs that they will use for the “Realisation Grading” ?.
This helps them to know where and when new concepts
are used and which labels to use. This information is also
discussed during the weekly “Tutor Briefing” meetings with
the UTAs.

3.3 UTASs’ Training and Follow up

In our course design, the subgoal learning integration is
systemic throughout the whole course, its material as well as
its teaching methodology. All UTAs followed a mandatory
training before the beginning of the course, consisting of
theoretical background on the SL strategy, a description
and demonstration of when and how to use the strategy,
recording extracts from previous observations of good use
and misuse and previous results, like the main triggers for
strategy use [15]. Follow up sessions for the UTAs occurred
during the weekly “Tutor Briefing” meetings. Questions were
asked weekly on UTASs’ strategy uses, feedback and rich
discussions occurred between the UTAs and with the staff.
Subgoals and labels corresponding to the weekly concepts
were discussed during those meetings and strategy use was
encouraged.

?Le., the grading of and feedback by UTAs on a weekly assignment to be
made by the students on the course topic of that week.
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Exception Handling

* Python raises an exception in case of error

* We can intercept exceptions using a
try .. except bloc

name =

file = open ( name, "r" )

for line in file:
print(line)

file.close ()

input ( "Provide a file name: " )

(2) Processing

(3) Closing
(4) Exceptions

except:
print ( "Error reading file" )

We have previously seen the three first subgoals of file reading:
* (1) File opening

* (2) File processing

= (3) File closing

Handling exceptions is important for proper file processing, it's the 4th and last subgoal!

Figure 3. Modified slide with the code annotated with
(French) subgoals and the presenter notes for the teacher.
The material has been translated from French for readability.

3.4 Fidelity of Implementation and Deductive Codes

The criteria used to measure fidelity of implementation were
adapted from previous work [15] to take into account the
integration of the presentation of the different subgoals in
the course. Subgoals and labels are now introduced directly
during the lectures by the teachers, so that tutors don’t have
to introduce them during their one hour lab sessions. The
criteria, derived from literature, adapted and refined for this
study are:

SL1 The strategy or the catalogue is mentioned;

SL2 The tutor solves a similar problem in a worked ex-
ample;

SL3a The tutor reminds the students about one of the
subgoals of a concept;

SL3al The tutor reminds the students about one of the
subgoals of a concept with mention of the label;

SL3b The tutor reminds the students about all the sub-
goals of a concept;
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SL3bl The tutor reminds the students about all the sub-
goals of a concept with mention of the labels;

SL4 The solving procedure of a concept is used to solve
a practice exercise with the students.

During the coding, we noticed some observers made a
difference in coding when UTAs mentioned one or all the
subgoals of a concept and with or without the provided labels.
Since this was an interesting distinction that brought nuance
to strategy usage, it led us to separate SL3 from the last paper
across these two dimensions. SL3a and SL3b are with one or
multiple subgoals but without mention of the labels, whereas
in SL3al and SL3bl the labels are explicitly mentioned. So in
the end we split SL3 into four sub-criteria that are mutually
exclusive. This mention of the subgoals can either be done
orally or by code annotation.

Based on this distinction, we will also introduce the notion
of “stronger” use of the strategy when either two or more
criteria are being used at the same time, or when SL3 is used
with the labels being mentioned explicitly (SL3*]).

3.5 Observations

Since the intervention of this study involved a full integration
of an instructional strategy at the scale of a whole CS1 course
(~600 students), it involved 21 UTAs and 22 different lab
sessions. The 11 missions of the course (2 lab sessions per
week) are organised following five different series, dependent
on the students’ program, each with their own schedule. Two
series for a total of 358 engineering students, two series for
a total of 169 computer science students, and one series for
69 mathematicians and students with other backgrounds.
Together, the series amounted to 27 different classrooms
of ~24 students, each with their own (U)TA or in total 594
sessions to be observe. Among these 27 classrooms, 25 are
tutored by UTAs (the other two by doctoral students, TAs),
but only 21 of them agreed to participate in the study (ie.
being observed and recorded during the whole semester).

In order to observe enough different UTAs on different
sessions, 6 master students were recruited as observers. Five
of them were paid as part of a student’s job and the sixth
one participated in the scope of his master thesis.

The observers were trained in the SL strategy with the
same material used for tutors but also on what to observe
and how to report it. They were tasked with the record-
ing of the sessions and (pre)coding of those videos. Since
the observers are CS master students and not qualitative
researchers, they needed a training for their observation and
coding tasks. Also, they were asked to do deductive coding
based on the fidelity of implementation criteria of Sec. 3.4.
We assigned them to code three recording extracts from past
observations. Their coding was then discussed and corrected.
Moreover, a first round of observation in classrooms was ded-
icated as a training week, so they could test their recording
setup (their smartphone), and the time it took them to code.
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Most of them took notes during the lab sessions, then later
watched again the recording to refine their coding. Both the
recording and coding of each session was then uploaded to
a shared repository according to a simple naming conven-
tion obs/YYYYMMDD-HHHH-room. The first author was able
to download, watch and control the observation process.

Each observed week, observers were randomly assigned to
three to four sessions. For example, for w7meé, one observer
was assigned two “Tutored start-up sessions” (noted session
w7m6-1): those of tutors T15 and T18 and two “Tutored sum-
up sessions” (noted session w7mé-2): those of T14 and T13.

Each observer did between 8 and 11 observations spread
over the three selected weeks as seen in Fig. 2. For each
session they observed, they had to record the session and
code the observed strategy uses by the UTA. A line in the
coding file consists of a timestamp, some notes on the context,
an eventual quote and the code itself. For each strategy use,
they were asked to also note the trigger. Their coding was
then reviewed by the first author who coded entirely three
sessions of each observer. The SL3 codes had to be corrected
and some strategy uses that were not generic enough had to
be removed, some repetitions of codes for a same strategy use
also had to be removed. Nevertheless, globally the observers
coded accurately and thanks to their notes and quote fields,
all corrections could be applied to the entire coding.

3.6 Surveys

UTAS’ Surveys. To answer RQ3, we crossed the observa-
tions data with self-reported data from UTAs through sur-
veys. At two points in the semester, UTAs were asked to fill
a survey on their usage of the strategy. They were asked
Likert-scaled questions on familiarity, frequency of use and
opinion on the pedagogical value of the strategy. They were
also provided with more open questions on their strategy
usage. For the first survey, we asked for their agreement
level on the following items:

$1Q1 I feel confident about giving my lab sessions;

$1Q2 Ican see how to use the subgoals in practice in my
lab sessions;

$1Q3 I had time to prepare my sessions this week;

$1Q4 I was influenced by the subgoals to prepare my
sessions this week;

$1Q5 I used the subgoals during my sessions this week;

$1Q6 I thought about using the subgoals during my ses-
sions this week but didn’t actually do it.

For the second survey, the same items as the five last ones
of the first survey were proposed but with a more global
timeline (i.e. “my sessions this week" was replaced by “my
sessions"). Moreover, seven new opinion items were added
in the form of “I think the subgoals are useful":

$2Q7 for all students;
$2Q8 for stronger students;
$2Q9 for weaker students;
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Figure 4. Normalised number of use of the SL strategy per
session for each UTA. The darker bottom part of each bar
corresponds to “stronger” uses. In red: the engineering pro-
gram, in green: the math program, in blue: the CS program.

$2Q10 for all concepts;

$2Q11 for some concepts;

$2Q12 more for introducing concepts;
$2Q13 more for restructuring concepts.

Students’ Survey. One survey was also passed to the
students of the course. It mainly consisted of Likert-scaled
questions on their awareness, familiarity and perception
of the subgoal learning strategy and its integration in the
course.

4 Results
4.1 Observations

In the end, 74 observations were made, 12 of which during
w2ml for training purposes. Each lab session is supposed to
last one hour but the UTAs have sometimes room for more,
so we ended up coding more than 62 hours of video.
Strategy Uses. Fig. 4 presents the normalised number of
uses and “stronger” uses per session of the strategy for each
UTA?®. With a mean of 3.92 observed uses of the strategy per
session (see Table. 4), we can answer RQ1: the integration
of subgoal learning throughout the course pushed UTAs to
effectively use the strategy. We can also see that the vast
majority (16 out of the 21 studied UTAs) use on average
3 times or more the strategy per session. The rest of this
section will answer RQ2 on the observed fidelity criteria.
From Table 2 we can see that the most used criterion is
SL3 (214 times in total), i.e. mentioning one or more subgoals
with or without especially mentioning the labels. This occurs
naturally in a UTAs’ mentoring when reexplaining a concept.

3UTAs are referred to as TXX (T form tutor, XX is a id like 01) throughout
the Results Section.
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Table 2. Number of occurrences of each observed combina-
tion of criteria (with SL3 sub-criteria summed for readability).

criteria ‘ SL1 SL2 SL3 SL4 | n_occ

X 138
X X 44

X 20

x x| 13

X X 9

X 8

X X X 8

X X 1

X X X 1

X X X 1
total | 26 67 214 23 | 243
%| 11 28 8 9 | 100

Only generic subgoals explanations were coded as such, not
explanations linked to the specific context of an exercise.

From Table 2 we also see that SL3 was mostly used alone.
Drilling down in detail®, it was flagged as criterion SL3a (53
times), SL3al (38x), SL3bl (26x) and finally SL3b (21X) or in
total 138 times or more than half of the total 243 strategy uses.
The strategy was mostly used to explain a single subgoal at
a time (53+38=91 with only one subgoal vs. 26+21=47 with
multiple subgoals) and the labels are explicitly mentioned
38+26=64 times or nearly for half of the SL3 single uses.

Mlustrated further by Table 2, when SL3 is used with other
criteria, it is mostly (44X) with SL2 for detailing the steps
in a worked example. This corresponds to an UTA demon-
strating how to use a specific concept while mentioning the
subgoals they want to highlight. This is done either orally or
by annotating code on the blackboard. An example of SL3bl
with blackboard annotations is provided in Fig. 5a. For oral
SL3 strategy usage, the triggers were mostly the exercise
prompts or the correction of an exercise. SL3bl was observed
17X with SL4 (among which 8x also with SL1), those are
the “strongest” uses of the strategy we can hope for. Again,
adaptations of the strategy usage were also observed, for ex-
ample six UTAs would make the students recite the subgoals
for a concept (like writing a function or opening a file). One
UTA also proposed a skeleton of a solution code based on
the subgoals for helping the students to visualise this generic
template (see Fig. 5¢).

The second most used criteria is SL2, i.e. providing stu-
dents with a worked example. This was mainly used for
demonstrating the use of a concept, at the start of a session
or to illustrate an alternative solution. SL2 was used 20x
alone as a criterion, and 44X with SL3 as mentioned above.
An example of SL2 and SL3 is provided in Fig. 5d.

4For conciseness and readability these details were dropped from Table 2.
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(a) SL3bl example. (b) SL3bl (oral) with SL4 ex-

ample with code skeleton.

)&? m{ﬁh&??(%&w (M/g)lﬁ'# war_cul)!
ity vpon [ fiStaae i, 1t 257!
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(c) SL3bl annotations during students’ code correction.
=1

(d) SL3bl with SL2 example.

Figure 5. Some strategy use examples from the recordings.

SL4 was only observed together with other criteria, and
mainly with SL3bl which makes total sense since it represents
a reuse of the subgoals to solve another similar problem with
the tutors. SL1, mentioning the catalogue, was observed 26x
in total and only 8x alone. An example of SL4 used with SL3bl
is an UTA annotating or mentioning the subgoals labels and
using them to solve a new example, what we called earlier
an SBS for step-by-step use of the strategy. An example is
provided in Fig. 5b.

Apart from these criteria uses, we can also see in Table 4
that w7mé6 accounted for the most strategy uses. That week
concepts were file manipulations. If we look at the upper
part of the table, both w7m6-1 and w12-13m11-1 have the
most strategy uses per session. We can also see that the start-
up sessions gathered significantly more strategy uses than
sum-up sessions, meaning that UTAs use the strategy more
often when introducing concepts.

There seemed to be little or no impact on strategy usage
with respect to the student audience, i.e., either engineering
students or computer science students.’

5Since the Math. audience was only observed six times it is hard to draw
conclusions from that.
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Table 3. Number of observed triggers by source.

source ‘ trigger ‘ code ‘ n
UTA before an exercise t1 40
as a correction check-list t2 39
before a session t3 21
to show a better solution t4 13
as an exercise for students t5 8
sub-total 121
Exercise | prompts el 63
sub-total 63
Student | question from a student sl 29
to help student solve exercise | s2 18
misunderstanding s3
bug in a student’s code s4 5
sub-total 59
Total | | | 243

Triggers. Table 3 summarises what triggered UTAs to use
the strategy. First, we notice that UTAs remain the main trig-
ger for strategy use and mainly for reintroducing a concept
at the beginning of a session of an exercise, or as a check-list
to restructure the concept after an answer has been given.
Then, we can see that the exercise prompts we added ac-
counted for one out of four strategy. When students are the
triggers, it is mainly when they ask a question or when they
need to be guided to solve an exercise, that UTAs will use
the strategy. The effect of exercise prompts weight also in
favor of SL integration.

4.2 UTAS’ Surveys

Of the overall 25 UTAs of the course, 21 agreed to take part in
the research meaning being observed, recorded and letting
us use their data for this research by answering surveys.
Among those, 12 answered the first survey and 11 the second
one. The first survey was sent to the UTAs in the middle
of the semester after all concepts had not yet been seen in
the course (see Fig. 2 for details). The second survey took
place after the end of the course. UTAs’ answers will help us
answer RQ3 on classification of UTAs’ usage of the strategy.

Familiarity and Frequency. The results of the Likert-scaled
questions on familiarity and frequency of use for the different
concepts are shown in Fig. 7a, 7b, 7c and 7d.

The data is only partial since not all UTAs answered the
surveys. Overall, we can say that the familiarity of the UTAs
with the concepts is reported as high. There’s more variation
in understanding of file operations and advanced topics. Be-
tween the two surveys, most UTAs maintained or improved
their familiarity with the different concepts. T02, T05 and
T20 have a lower aggregated score but due to the newest,
more advanced concepts.
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Table 4. Number of times each fidelity of implementation criterion was observed per mission, session or program. * means all
different values are considered, which makes the last line a aggregated total of all observed uses. The "SL3 (Z)" column adds
up the four SL3 sub-criteria. The last column gives a normalised strategy uses per session value.

mission | session | prog. | SL1 | SL2 | SL3a | SL3al | SL3b | SL3bl | &> | SL4 | uses | SR8 | , | uses/
) uses session
1 5 9 14 5 5 28 4 35 11 9 3.89
wim4 2 * 2 16 10 5 7 28 3 34 15 11 3.09
* 7 25 24 10 10 12 56 7 69 26 20 3.45
1 4 10 16 13 24 49 6 63 31 10 6.30
w7mé6 2 * 2 10 12 14 5 33 1 35 11 12 2.92
* 6 20 28 27 29 92 7 98 42 22 4.45
wi2- 1 9 13 12 4 14 39 9 45 23 9 5.00
2 * 4 9 8 7 5 19 0 31 11 11 2.82
13m11 * 13 22 20 11 16 19 66 9 76 34 20 3.80
. 1 . 18 32 42 22 19 43 128 19 143 65 28 5.11
2 8 35 30 26 15 17 88 4 100 37 34 2.94
Eng. 14 39 29 20 15 30 94 13 111 48 28 3.96
* * CS 11 26 28 19 16 29 92 10 104 50 26 4.00
Math. 1 2 15 9 1 28 0 28 4 6 4.67
* | J 2|67 | 72 | 48 | 34 | 60 | 214 | 23 | 243 | 102 |62| 3.92
25 R Lo vision on how to use subgoals got overall better results in
;i';i::“g:;i” . . e the second survey, which is good news meaning that with
. . time, UTAs felt they got better at applying the strategy. Q3’s
20 e - e result on whether they had enough time to prepare their
e sessions are a bit worse but overall UTAs complained more
. 05 about time during the sessions than the time to prepare. Q4,
%’J'S .TZZB o - " o on the influence of subgoals on UTAs’ preparation is a bit
£ . * better in the second survey. This is, like Q2, interpreted by
» R the amount of practice and experience UTAs have gained
o™ with using the strategy by the end of the course. In their open
answers, the UTAs who used the labels specified they were
05 useful to structure the session, prepared them to know how
R o Suveyi to answer students’ questions or to help them remember the

A Survey2

225 250 300 325

Familiarity

350 375 4.00

Figure 6. Correlation between UTAs’ reported familiarity
and frequency of use of the SL strategy.

Regarding the frequency, there’s a general trend towards
increased frequency of use for most concepts among the
UTAs who participated in both surveys. The best scoring
concepts are loops, file operations and linked list operations.

We found that UTAs’ self-reported familiarity correlates
positively with their self-reported frequency (Pearson’s cor-
relation r = 0.72, p = 0.00) as presented in Fig. 6.

UTASs’ Opinion of the Strategy. From the survey results
presented in Fig. 7e and 7f, we can see that Q2 on UTAs
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content of the course. Q5 on whether they declare using the
subgoals during their sessions is roughly the same. Three out
of four declared using the subgoals during their classroom
sessions and the rest is neutral (neither agrees nor disagrees
with the statement). T06 says on this account: “In my opinion,
I used the optimum number of steps; using more would have
been counterproductive”. Q6 asked about whether they at least
thought about using the labels even if in the end they didn’t;
here also the results got better with two thirds declaring
agreeing with this item. This shows at the same time more
reflection on the UTAs part, but also that they either forgot
or decided not using it during their sessions. Some UTAs said
explicitly that they sometimes chose not to use the strategy:
“Tused it less for simpler or mastered concepts, in order to not
confuse students” (T08). UTAs mentioned other obstacles too.
Four mentioned not enough time during sessions and three
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assignment o I

conditional 0%
while.loop 0%
for.loop.sequence 0%
function. 0%

file.read 0%

file.write 0%
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(a) Familiarity of use of concepts reported in first survey.
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(c) Frequency of use of concepts reported in first survey.
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(e) Opinion on the strategy as reported in first survey.
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assignment 0%
conditional 0%
while.loop 0%
for.loop.sequence 0%
function. 0%

file.read 0%

file.write 0%

dict 9%

class 18%

ll.add.node 9%

ll.remove.node 9%
100 50

(b) Familiarity of use of concepts reported in second survey.

assignment 4% 6%
conditional ~ 45% 5%
while.loop  18% s2%
for.loop.sequence  27% 78%
function.  36% 64%

file.read  36% 64%  Phever o

i BRSGen s ean
file.write  36% 64%
dict  64% 36%
class 45% 55%
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(d) Frequency of use of concepts reported in second survey.
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(f) Opinion on the strategy as reported in second survey.

Figure 7. UTAs’ aggregated scores on Likert-scaled questions on their familiarity, frequency and opinion on the use of SL on

the two surveys.

mentioned that they themselves did not learn with them: T
haven’t learned to code with subgoals, I sometimes forget the
point and realise it when a student gets stuck on something
that shouldn’t be too complicated” (T05). T03 mentioned that
a lot of exercises do not use all subgoals of a concept.

Questions S2Q7-13 interrogate the perceived usefulness
of the strategy. S2Q7-9 concern the student audience the
strategy helps. UTAs think the strategy is mainly useful
for weaker students and one in four do not agree it helps
stronger students. Answers to open questions refine this.
While one in four totally agrees that the strategy if useful for
all concepts, three out of four agree that it’s at least useful
for some concepts. Finally, UTAs think that SL is more suited
to introduce concepts while half of them still think it can
also be useful for restructuring concepts.

In the open questions, T03 suggested that “the first exer-
cises for each concept should nearly force students to use the
subgoals or to add multiple choice questions on the subgoals”,
but that is something the teachers explicitly forbade. T18
also suggested adding subgoals for unit tests.

4.3 Crossing the Data Sources

UTAS’ opinions on when to use the strategy corresponded
to their actual use of the strategy which happened more
often during introduction sessions than sum-up sessions.
T01 said “When students have trouble getting started ..., I show
everyone what to do in general at the beginning (the steps to
follow).” which matches both triggers t3 and s1 from Table 3.
T18 said something similar: “To help students if the student
cannot start, or it they start writing code directly, to highlight
the subgoals (sometimes with the help of the classroom) in
colour”. UTAs also reported using the strategy more for some
concepts, especially the more structured and advanced ones.
This is in line with the higher use of the strategy during
w7mé6-1 (introduction to file operations) and w12-13m11-1
(introduction to linked list operations) as seen in Table 4.
They agreed that the concept of file operations was more
structured in the sense that the structure was more visible
and therefore more easily mapped to named subgoals. UTAs
also agreed they used the strategy more to illustrate a concept
when used for the first time, to introduce it before a session or
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Figure 8. Correlation between UTAs’ reported frequency of
strategy use and their observed “stronger” use ratio.

before a specific exercise. This also aligns with the observed
higher use for introducing concepts than during sum-up
sessions (session 2 in Table 4).

We did find a significant moderately positive correlation
(Pearson’s correlation r = 0.58,p = 0.024) between UTAs
self-reported frequency and the ratio of their observed num-
ber of “stronger” (i.e. at least two criteria or an explicit men-
tion of the labels) uses to the total uses, see Fig. 8. We don’t
know yet if that correlation is just accidental or could be
strengthened by giving UTAs even more guidance.

4.4 Students’ Awareness of the Strategy

An optional survey was sent to the students before the last
course mission. It was answered by 48 students only, which
is less than 10% of all students. The survey consisted of eight
questions on three themes. Overall, regarding awareness and
frequency of mentioning the catalogue and the subgoals, a
majority of the respondents seemed unaware of this strat-
egy. Regarding the usefulness of the catalogue, even though
the strategy seemed not to be seen that frequently by the
students, most of them did consider it moderately to very
helpful. Regarding the different concepts finally, it seems
students think they know the first concepts treated by the
subgoal labels well and the later ones a bit less.

4.5 Threats to Validity

While we ensured that UTAs were comfortable with the
observations process by having a training week and letting
them opt out, at least one tutor did stop participating during
the process. Meanwhile, at least three UTAs feedback on
their teaching practice during their lab session when they
knew they had been recorded. This shows a real interest to
become better tutors.
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While we had discussions with the teachers of the course,
training was deemed unnecessary for them and we did not
check how they discussed the labels since they had been
integrated in their slides.

Since there were 6 observers, newly trained for coding,
the first author verified and harmonized the coding of the
different observations. This process was eased by regular
meetings with the observers.

5 Conclusion

Subgoal learning is a promising teaching strategy for CS1 pro-
gramming courses to enhance students’ learning experience
and outcomes. Through a detailed analysis of a large-scale
CS1 course in which we fully integrated this strategy, and
studied its fidelity of implementation among undergraduate
teaching assistants (UTAs), our study revealed key insights.

We answered RQ1 by acknowledging the effect of SL
integration throughout the course, in particular the effect
of exercise prompts on UTAs’ strategy uses. Training and
follow-up sessions with UTAs played a crucial role in the suc-
cessful deployment of this strategy. As the course progressed,
UTAs reported increased familiarity and frequency of use of
the labels for the different concepts taught. This may indicate
that the subgoal learning method helped streamline their
instructional process and improved their teaching practice.
We also found a moderately positive correlation between
their self-reported frequency and the ratio of their observed
number of stronger use over their total strategy uses.

We use fidelity criteria to answer RQ2 and introduced
the notion of “stronger” use of the strategy. The mention of
subgoals remained the most observed use while around 40%
of the strategy uses have been classified as “stronger” uses
which seems correlate with UTAs reported frequency of use.

Answering RQ3 to classify UTAs use of the subgoal learn-
ing strategy, we observed it was used more by UTAs during
sessions introducing new concepts than during sum-up ses-
sions, and more for structured and advanced concepts than
for simpler ones. This structured dimension of concepts that
would better fit with the strategy is a lead for further research.
The program of the students audience had little impact on
UTAs use of the strategy.

Another working point is to make the strategy’s use more
visible to the students. Despite students’ infrequent percep-
tion of the strategy’s mention during lab sessions and lec-
tures, a majority found the subgoals to be moderately to very
helpful. This suggests that even limited exposure to subgoal
learning can positively influence student understanding and
retention of programming concepts.

Overall, the findings from this design research study pro-
vide interesting insights on how subgoal learning can and
is used as a tool by UTAs for reducing cognitive load and
promoting learning transfer in introductory programming
courses.
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