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Abstract— This research to practice full paper provides 
preliminary evidence that integrating reflections is a significant 
feature to identify at-risk students early in a semester as verified 
and validated by a sequence-based learning analytics model. 
We’ve devised an active learning classroom model which 
incorporates reflection at multiple points in students’ learning 
experience. This active learning model adopts Kolb’s Learning 
model to provide a coherent and connected set of activities before, 
during, and after the class. Unlike periodic assessment through 
testing, reflections can provide nearly-real-time information about 
student’s experiences in class. We extract sentiment feature 
vectors to capture students’ affect from written reflections. These 
features typically aren’t assessed on tests or during in-class 
activities. These features were extracted automatically using 
LIWC (Linguistic Inquiry and Word Count) is a tool for 
applied natural language processing) which is less cumbersome to 
implement than manually reading the written reflections. We find 
that using these sentiment feature vectors extracted from the 
reflections in our learning model increased accuracy while 
decreasing time-to-detect at-risk students significantly.   
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I. INTRODUCTION 

Many courses are designed with students’ learning styles in 
mind [15]. The challenge associated with designing for these 
students’ learning styles is considering the diversity of learning 
styles while still making sure that students are learning 
effectively. In other words, how can we design and evaluate a 
course based on evidence rather than “intuition”, since such 
intuition may not always be relevant [13]. The evidence-based 
model in education, then, is a logical approach to make 
sustainable improvements in pedagogy. This practice is defined 
as “the integration of professional wisdom with the best 
available empirical evidence in making decisions about how to 
deliver instruction” [41].  

The first programming course of computer science, aka CS1, 
is known as a problematic course due to many factors such as 
diverse student backgrounds, large class sizes, lecture-based 
auditorium-style teaching, etc. Therefore, it is important for 
informed decisions to be made early on about the course model 
[43]. In this work, we are proposing a course model based on 
students’ learnings styles, which includes monitoring 
mechanisms by integrating reflections applied to a 100+ student 
class size. By adopting active-learning ideas, the course includes 
many unique and diverse types of activities. Furthermore, we 

use these reflections and course grades to identify students that 
are at-risk of DFW in the course. Based on the risk classification, 
we are able to then update our pedagogy in subsequent courses 
or intervene to help specific students earlier in the semester. 
Through this process, we can provide opportunities for student 
reflection, identify at-risk students, improve our course design, 
and intervene when necessary. Our learning analytic model 
integrates sentiment feature vectors which captures student 
affect as it relates to course material and design. It is based on a 
sequence data model which accounts for temporality and can 
therefore be used to make classifications at multiple points in 
time.  

We focus on the following research questions regarding the 
learning model as it relates to our course design: 

RQ1. Does including student reflections as a feature in the 
learning model help predict at-risk students? 

RQ2. Does including student reflections as a feature in the 
learning model enable earlier predictions? 

RQ3. What is the effectiveness of infusing student reflective 
practices between activities and throughout the course? 

To answer these questions, we have used a sequence-based 
learner analytic model which incorporates reflections as a 
feature for classifying at-risk students. We will discuss how we 
have integrated reflections into our course and how these 
reflections have been used as a feature in our learner analytic 
model. We compare the effect of integrating reflections by 
comparing them to other common performance-related features 
such as tests, assignments, and activities.   

II. THEORETICAL FRAMEWORK 

A. Course Model 

The teaching paradigm for engineering and computing 
disciplines is shifting from traditional lecture-based teaching 
methods to designing learning experiences, processes, and 
environments [10]. According to Fink, an integrated course 
design starts from analyzing the “situational factors”, followed 
by formulating the “learning goals” as well as designing the 
“feedback and assessment procedures.” The design and 
selection of the teaching/learning activities fulfills this process 
[11]. Activity-based active learning seems to be one of the 
desirable delivery methods for such teaching and learning 
activities providing excitement and fun while emphasizing on 
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learning [3, 9, 32, 43]. Considering the above factors, a coherent 
course would have a complete alignment between the activities, 
assessment, and learning goals and outcomes. In addition, the 
need for an educational measurement of student knowledge 
aligned with activities and learning goals, which is beyond 
traditional tests, as well as the methods to make inferences about 
student learning are instructionally essential in this model of 
course design [28].  

B. Reflection 

Reflection is described as a deliberate process or “activity in 
which people recapture their experience, think about it, mull it 
over and evaluate it” [5]. It is through this process of evaluation 
that students generalize knowledge from concrete experiences. 
This perspective is rooted in Kolb’s model for experiential 
learning [18,19]. Experiential learning relies on the 
constructivist view that knowledge is constructed by the learner 
[40]. This view, established by Piaget [30], defines learning as 
an active process that is subjective to each student. Students 
synthesize new information and experiences with their existing 
understanding of the world. From this perspective, reflection is 
an important aspect of learning because it is one of the places 
where this synthesis happens.  

Self-assessment, which is a form of reflection, is a technique 
for having students evaluate their performance and behaviors 
[23]. Self-assessment is often used in educational settings 
because it scales well as a way to assign grades to students for 
large classes. Self-assessment, has been shown to be relatively 
consistent with grades given by teaching staff [4]. It is however 
noted by David Boud that weaker students have a tendency to 
overestimate their abilities, while stronger students have a 
tendency to slightly underestimate their abilities. Self-
assessment is often used in conjunction with peer assessment 
[38] to help triangulate students’ performance [8]. Combining 
peer and self-assessment has been scaled to large-scale courses 
as well [20]. 

Reflection has been incorporated in engineering and 
computing courses for variety of purposes. For example, 
reflection has been used in computer science as a way for 
instructors to understand the experiences of students to improve 
their pedagogy [35]. Based on a systematic literature review by 
Sepp et al. the number of engineering education papers that 
reference reflection have increased significantly over time [34]. 
Turns et al. have created a framework for considering the 
multiple aspects of reflection when implementing it in 
engineering courses [39]. All of this attention to integrating 
reflection in both CS and engineering in general is encouraging 
for analyzing potential opportunities of leveraging reflection for 
purposes such as learner analytics. 

In addition to this widespread use and the aforementioned 
benefits, there are also a number of challenges associated with 
analyzing reflections but a primary problem is that the “... 
learning outcomes of reflections are subjective knowledge rather 
than objective knowledge. Only the person doing the reflection 
can assess whether learning has occurred that is significant to 
them” [6]. Similarly, students frame their reflections to please 
the person that is doing the assessing, which results in less 
authentic and valuable insights for the student. This is potential 
for bias is an example of the Hawthorne effect [12]. For this 

reason, designing and assessing reflective practices needs to be 
done very carefully. In this paper, we use reflections to help with 
our risk classification model and provide participation points (or 
extra credit for non-required reflections) to ensure that students 
complete the reflections. Students are not told that their 
reflections will be used for classification purposes to avoid 
biasing their reflections. 

C. Learning Analytics 

To verify the effectiveness of our designed course model, 
learning analytics methods are applied. Learning analytics is an 
emerging discipline within data science/analytics, concerned 
with developing methods for exploring the unique and 
increasingly large-scale data that are collected from educational 
settings. The analysis and visualization are to understand and 
optimize students’ learnings and the environments in which it 
occurs. These methods are developed and applied the same way 
as in general data analytics exploiting statistical and machine-
learning for prediction, clustering, outlier detection, discovery 
with models, text mining, knowledge tracing, relationship 
mining, etc. to search for unobserved patterns and underlying 
information in learning processes [1]. 

Learning analytics have been used in many situations. For 
example, Yuliya et al. explores which student difficulties arise 
within CS1 courses by mining data from CodeLab – a “web-
based interactive programming problem system” – finding that 
conditions and loops are the main challenges for students [7]. In 
conclusion, they also further encourage the use of large data 
from many institutions to gather greater insight. Agudo-
Peregrina et al. have applied learning analytics, specifically 
bivariate correlation analysis, to find the correlation between 
interactions (i.e., student to student interactions within LMS, 
student interactions with LMS (learning management system) 
content, and student interactions with the professor) and student 
performance. In another study, learning analytics was used to 
identify significant behavioral indicators of learning. Results 
showed that students’ regular study, times of assignment 
submission, number of login sessions, and proof of reading 
course information were all significant factors in predicting 
course achievement [44]. 

III. RELATED WORK 

A. Course Model 

As discussed earlier, Kolb’s experiential learning theory 
provides a solid model for teaching courses requiring multi-
stage activities. Kolb's experiential learning cycle has been used 
previously in various courses to structure class activities and 
content delivery [15, 33], and are useful to “move students 
quickly through multiple levels of learning” [33]. In a CS2 
course, instruction typically begins with a concrete experience 
and an explanation of "why" the experience is important [15]. 
Following this, they tell students "what" they will need to know 
and then "how" to apply the material to real problems. Finally, 
students actively experiment with other alternatives and 
different possibilities. This systematic process of introducing 
and scaffolding the delivery of material was beneficial in their 
course. Furthermore, repeating this cycle each week helped 
students develop a consistent understanding of the material. As 



argued by Harb and Terry, as well as by Howard et al., teaching 
in this way meets the many needs of students [14].  

We have previously proposed pre/in/post activities based on 
Kolb’s model [9]. This course design led to more overall A’s 
and B’s and less C’s and D’s. The number of F’s and W’s did 
not change significantly which could be interpreted that if 
students are engaged in activities, they experience more success 
[9]. In Fig. 1., a representation of Kolb’s model is presented.  

B. Reflection 

Turns introduces a framework on reflections and its 
different elements (Turns, 2014). She relates the reflective 
practices to the metacognitive concepts of self-awareness and 
self-assessment as issues being “foregrounded”. As 
metacognition is defined as knowing about knowing [24], 
reflections should provide such opportunity for students to 
grow their metacognitive skills.  

In a similar study, reflections are used before and after tests 
to measure students level of confidence [27]. By incorporating 
metacognition, the goal was to encourage students to actively 
think about their own level of understanding so that adjustments 
could be made.  

Stone also designed weekly reflections where students 
responded to four identical prompts every week asking about 
what they learned, what they enjoyed, what was challenging or 
frustrating, and what their current confidence levels were [35]. 
One of the mentioned study challenges was the difficulty in the 
qualitative analysis of the student responses. Instead of 
manually analyzing the student reflections, we chose to use a 
tool called Linguistic Inquiry and Word Count (LIWC) to aid 
in the analysis, which we discuss further in Data Collection and 
Analysis. 

C. Learning Analytics 

Many features can be analyzed to classify student 
performance. These include aspects such as study patterns, 
exhibited emotions, and temporal features. Through analyzing 
these features, it is possible to identify at-risk students to 
improve the course or to intervene on their behalf.  

In a study of 530 college students, a learning analytics 
model was used to predict course achievement as measured by 
their activities inside a learning management system (LMS) 

[44]. This demonstrated that their pattern of study, late 
submissions, and whether they reviewed the materials was 
predictive of performance.  In another study, students’ 
emotional reactions were correlated with student performance 
on programming assignments [21]. This work influences our 
use of affect to identify risk.  

In addition to these features, temporal aspects can also be 
analyzed. However, based on multiple surveys [25, 29, 36], we 
identified lack of attention to the temporal aspects of the student 
data. Methods reviewed in the surveys used statistics or 
machine learning techniques operating on a feature vector 
representation of each student having non-temporal features 
such as demographic information, student academic 
information, course grades, and learning management system 
(LMS) logs in aggregated form. Some authors have argued that 
temporal aspects of student data deserve more attention, and 
temporal analysis yields a paradigm shift addressing new 
research questions in learning analytics [26]. Similarly, 
previous works in computer supported collaborative learning 
(CSCL) and self-regulated learning (SRL) emphasizes on the 
importance of temporal features in student data [16, 31, 2]. 

 
Wolff et al. identified at-risk students using a decision tree 

model [42]. This model is also temporal and includes 
assignment scores and number of clicks in the virtual learning 
environment (VLE) across specific time periods to predict 
future performance drops for students who were performing 
well. They acknowledged the fact that the number of clicks 
cannot predict successful behavior saying "There were students 
who clicked a lot and still failed, or those who clicked hardly 
(if) at all and yet passed" [42]. They created time frames for 
counting the number of clicks to break down the general feature 
of “number of clicks” into “number of clicks in a time window”. 
This is similar to the concept of “nodes” in our sequential model 
(see section Data Collection and Analysis). Our model also 
groups heterogeneous data together into nodes. Each node 
represents a group of activities, tests, assignments, or 
reflections during a time frame. Grouping this heterogeneous 
data together constitutes a specific node. We also consider the 
dependency that may exist between nodes.  

 
Fig. 1. The iterative learning model based on Kolb’s Learning Model 

[18,19]. 

 
Fig. 2. Our course model with integrated reflections. 



IV. COURSE MODEL 

In our course model, we have adapted Kolb’s experiential 
learning cycle by removing and replicating the reflection stage 
multiple times throughout the cycle, as shown in Fig. 2. Kolb’s 
model has four stages while our resulting model has three 
distinct stages with reflection integrated throughout, rather than 
occurring only once each cycle. Students plan for the upcoming 
week with prep work assignments, have active learning 
experiences in lab, and then extend their learning on 
assignments at home. By integrating reflection throughout, our 
model becomes a 3-stage process: prep work that helps students 
prepare for upcoming classes, in-class activities to further learn 
and experiment on the material, and post-class assignments that 
extend concepts from the course. We then have students reflect 
on each of these aspects at multiple times throughout the 
course. 

The activities are designed with the goal of both challenging 
the students while encouraging them to enjoy the group and 
social aspects of term activities [9]. When designing activities 
for each phase and creating tests for assessing students’ 
learning, Bloom’s Taxonomy was also applied.  

An example of one week’s iteration is shown in Fig. 3. First, 
the students complete the pre-lab homework (a type of pre-
activity, as shown in the cycle in Fig. 2) meant to prepare them 

before coming to the lab. Then, at the beginning of lab, a lab 
warm up is completed (a type of reflection) which asks 
questions relating to their preparation work. The lab itself is a 
type of in-class activity, where students complete programming 
activities to strengthen their knowledge of what was learned 
that week. After lab, students complete the lab reflection 
(another type of reflection), responding to questions about the 
lab itself and their own learning experiences. Finally, students 
complete a post lab (a type of post activity) independently for 
homework to further review what they have learned. 

Many of our own reflective prompts were aimed at having 
students think about their own learning experiences, hence the 
metacognitive attributes can be included in our data. Fig. 4 
shows an example of a question from one of the reflections 
which asks the students near the end of the course how much 
they thought they learned about Java programming. Similarly, 
we also wanted to encourage students to think about their 
progress and level of understanding throughout the course. 
Some of our reflective prompts were designed in this way. 
However, we did not only include reflections just a few times 
throughout the semester. Instead, it was an iterative process that 
occurred much more frequently, such as at the end of many in-
class activities. Furthermore, we did not limit our prompts to 
only students’ attitude toward their learning experiences but 
asked a mixture of questions regarding many different aspects 
of their learning experiences. 

V. DATA COLLECTION AND ANALYSIS 

The data was collected from 91 university students enrolled 
in the Introduction to Computer Science (CS1) course in the 
Spring semester of 2017. The course demographics consisted 
of 21.9% female students and 72.5% CS-majors. The data has 
three main categories per student: 

1. Student background information 
2. Student performance scores 
3. Student reflections and self-assessments 

Each of these three main categories includes specific attributes 
which are used in our algorithm as features. More specifically, 
student background includes attributes such as age group, 
gender, and major. Student performance scores include grades 
for all quizzes (18 total), pre/post labs (16), long assignments 
(4), lecture tests (4 total, including three during the semester 

 
Fig. 3. Illustrating the flow of one week’s Lab cycle, taking sample 
instructions and questions from a pre-activity, reflection, in-class activity, 
reflection, and post activity. 
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and one final), lab tests (4), lab/lecture activities (37), and extra 
credit activities (4) for a total of 87 different columns per 
student. Reflections are informal surveys taken by students 
regularly after class (lab/lecture) activities, assignments, 
quizzes, and tests for a total of 23 reflections per student. 
Students reflected on their learning of different course topics, 
as well as on the learning processes, group activities, or the 
tests/assignments. Some of the reflections, therefore, were 
mandatory as a part of the activity, while others were optional 
extra credit activities. We ended up with a heterogeneous 
dataset for different reasons: 1) we have both numerical and 
textual data; 2) data items’ frequency of occurrences are 
different such as weekly, biweekly, or monthly; and 3) the data 
included objective and subjective measures, as well as self or 
group assessment by students. 

All the 110 different grades and quantified reflections are 
spread over in our dataset based on the date of the activity. This 
highlights their strong temporal dependencies with each other. 
Therefore, this data is a good candidate for using temporal data 
analysis models. It should be emphasized that the temporal 
dependency of the data items comes from the fact that students 
must do different types of activities in the lab and lecture as 
explained while providing reflections over time. The activities 
are all dependent and build on top of each other. In addition, 
students were reflecting on their learning and outcomes of 
activities which suggest the strong dependency as shown in Fig. 
5. In other words, it is possible that a student who received low 
grades for the first few weeks of the course might change their 
study pattern to make up for the low performance. 
Consequently, we have dependencies in activities themselves 
as well as dependencies in the time between reflections and 
activities. 

A. Proposed Data Model 

 Our goal was to discover the trends of students’ activities 
throughout the semester, predict the outcome (Success or Fail) 
and discover the impact of reflections on the prediction. To do 
so, we built a temporal data model called the student sequence 
model [22]. In this model, we put all the data for one week into 
one node as shown in Fig. 5. Next, we connect the nodes in-
order to form a sequence. The sequence is then passed to a 
signature generation sub-module followed by the learning 
analytics sub-module for final determination as shown in Fig. 6. 

B. Sequence Model vs Feature Vector Model 

While the student sequence model uses nodes to sort and 
group data items temporally, a more common method uses 
feature vectors to represent data items. Feature vector 
representation in knowledge discovery and data mining 
constructs feature vectors for data items, in which each data 
item is represented by one vector with a fixed set of features or 
dimensions. For example, in student data, each data item could 
contain a vector of one student’s performance in a certain 
course or a certain program. The features of said vector could 
then include the student’s background information such as 
demographics, course information, and student’s performance 
such as grades, assignments and activities.  

Feature vector representation, or often called flat 
representation, makes strict assumptions for data dependencies 
which enables the use of conventional machine learning tools. 
This representation assumes that vectors are independent of 
each other and features are independent of other features. These 
independency assumptions, as well as the fixed length of the 
vectors (i.e. the number of features), makes the application of 
machine learning tools widely available.  

However, having that strict assumption for data 
dependencies in vector representations ignores the temporal 
correlations in student data – something we wanted to 
emphasize. A typical example of such temporal correlation is 
the correlation between the final grade and different types of 
grades (e.g., class activities, lecture tests, assignments) over 
time for the same course. The order in which these grades occur 
provides important information for predicting success or risk. 
However, that order is discarded in feature vector 
representation due to its inability to represent temporal 
correlations. 

C. Structure of the Sequence Model 

 For this study, our sequence model consists of 19 nodes: one 
node at the beginning of the semester for student background 
data, 17 intermediary weekly nodes which include grades and 
reflection responses, and one outcome node containing the 
overall course grade. There are four background features in the 
first node. The 110 grade scores and maximum of 23 reflection 
responses (depending on the individual student) are then spread 
out over the intermediary weekly nodes. We converted reflective  

 
Fig. 5. A sample student’s sequence. 



surveys from text to numbers using the commercial linguistic 
sentiment analytics tool LIWC [37]. LIWC generates 93 
sentiment features as numbers for every input text. Many of 
these features were highly correlated to each other. For this 
reason we chose only the 18 sentiment features with the least 
correlation to each other. This also improves the computational 
efficiency. Therefore, each reflective survey’s text was 
converted to a vector of 18 sentiment features. 

D. Results and Discussion 

One of the benefits of sequence analytics is its capability to 
repeat the analysis with different salient features to identify the 
predictive impact of each data category. Based on the model by 
Mahzoon et al., salient features are features that are involved in 
the analytics and other (or so-called) context features will be 
only used for interpretability after the analysis [22]. Our three 
main salient features were tests, activities, and reflections. We 
then experimented with these features both individually and all 
together to evaluate their relative predictive impact. This helps 
us understand the effectiveness and importance of each feature 
as predictors of success. For each salient feature, we ran 
sequence analytics to classify students at risk of obtaining a D, 
F, or W in the course. Fig. 7 shows two examples of individual 
student signatures that were generated for successful (grades of 
ABC) and at-risk (DFW) students. Fig. 8 shows the averages of 
all the student signatures in the class grouped by final grade 
category. Fig. 9 shows the averages grouped by successful 

(ABC) or at-risk (DFW). In all three figures, all data including 
tests, activities, and reflections were used to generate the 
signatures.  

The classification is performed in two phases: training and 
validation. In the training phase of classification, we use the 10-
fold cross-validation method [17] to split our data into training 
and validation sets. After training, the system output would be 
validated by repeating the validation set ten different times. The 
performance measures of the analytics were then averaged over 
the 10-fold cross-validation. 

We evaluated the sequence model incrementally at multiple 
points in time to assess how the temporal model's accuracy 
changes temporally. Fig. 10 reports the model’s accuracy for 
the three salient features (tests, activities, and reflections) and 
all of them used together. These features were plotted over time 
to show how the accuracy improved as more data was included. 
In this figure, the horizontal axis shows the number of weekly 
nodes included in the model, and the vertical axis shows the 
accuracy of the model as a percentage. For example, from Fig. 
10 we can conclude that even if we only use one week of the 
data (e.g., tests, activities or reflections) we are able to 
accurately classify the risk status of 70% of students. This 
accuracy increases as we include more nodes (i.e., more weeks 
into the semester) in the sequence model. However, the trend of 
increasing accuracy is not the same for different salient 

 
Fig. 6. The temporal analysis process using the Mahzoon et al.’ sequence data model [22]. 

Fig. 8. Averages of signatures for all students per final grade category. 

 
Fig. 7. An example of two different students’ signatures: the successful 
student (left graph) and a student failing the course (right graph). The distance 
to the decision boundary (dashed lines) classify students as successful (ABC) 
or failing (DFW). The magnitude of the distance (y-axis) represents the 
confidence of the classifier as weeks pass by in the semester. 



features. For instance, having tests as the only salient feature 
improves accuracy but only up to the four week point in the 
semester. On the other hand, having activities as the only salient 
feature produces models with higher accuracies in comparison 
with tests after five weeks of activities. Reflections as the 
salient feature performs even better than activities or tests and 
can predict at-risk students with 90% accuracy even after 
having only five weeks of reflections. In all cases, the additional 
benefit for including more information diminishes at the 
halfway point of the course. So, it is important to try to 
maximize earlier prediction rather than overall accuracy after 
the middle of the semester. At this early point, there are still 
opportunities to intervene on the behalf of the student. It is 
worth noting that the closest individual salient feature 
compared to including all features together in Fig. 10 is a 
reflections-only plot. 

Based on our results, we observed that including reflections 
as a feature improve the accuracy of our risk classification 
model. This provides evidence to support both RQ1 and RQ2, 
that including student reflection improves accuracy and time-
to-classify. This also provides additional motivation for 
instructors to include reflection in their classes as it is both an 
effective learning tool and improves our risk classification 
learning model.  

Our findings are encouraging for integrating reflections into 
the curriculum. Previous research has investigated reflections 
as a tool for learning and has cited many different potential 
benefits, such as the development of metacognitive skills [39]. 
What we have shown in this work is that in addition to 
previously explored benefits affecting students, there are also 
benefits for instructors and administrators, such as having the 
ability to predict students who may be at-risk early on. With 
that knowledge, interventions can then be made in attempts to 
aid the at-risk students. Furthermore, it’s even more important 
that these predictions can be accurately made early on, rather 
than later, so that it isn’t too late in the course for the student to 
make improvements when those interventions are made. 

Although our results suggest that reflections were predictive 
of student success on their own, they were most effective when 
used with traditional features such as tests, activities, and 

assignments. And while most features performed well after the 
first six weeks of the course, reflections served as the earliest 
predictors of success for students. Hence, for RQ3, it suggests 
that infusing student reflective practices between activities and 
throughout the course is effective as an early predictor of 
success. Reflection in CS has the ability to help students think 
more deeply about the course material and make broader 
connections to other courses and aspects of computing. Our 
work has shown that in addition to these benefits, there are also 
administrative benefits that help instructors and teaching staff 
to identify at-risk students sooner and more accurately. For 
instructors who are hesitant to integrate reflection into their 
courses, our results provide another compelling reason to 
integrate reflections into engineering and CS courses. 

VI. CONCLUSIONS AND FUTURE WORK 

In this paper, a CS1 course model is proposed based on the 
adoption of Kolb’s learning theory and the integration of 
iterative reflective practices in active learning settings. We 
applied a sequence analytics learning model to classify students 
based on their risk of obtaining a D, F, or W and evaluated the 
effectiveness of including reflections as a feature for this 
learning model. In doing so, we observed that reflection is an 
effective feature to include in increasing the accuracy of the 
model and decreasing the time-to-detect. These results are 
compelling for instructors who are considering including 
reflection and for learning analytics researchers who are 
considering features to use with their models.  

Our course model integrates reflection at multiple points of 
the semester to encourage students to reflect on multiple aspects 
of their learning. This appears to be effective based on our 
results but future work is necessary to determine if our results 
generalize to other course models, different types of reflections, 
and different student populations. Replicating our results in 
these different contexts will help further validate the inclusion 
of reflections as a feature, our sequence-based learning model, 
and our course model. The optimal design of reflections is also 
still an open research question and this needs to be further 
evaluated in the context of our results. We hope that through 
this future work we might be able to further increase the 
accuracy and decrease the time-to-detect of our sequence-based 
learning model. 

 
Fig. 10. Graph displaying prediction accuracies for the three salient features 
(tests, activities, and reflections) over time (week of the semester).  

Fig. 9. Averages of signatures for all students grouped per successful (ABC 
grades) or at-risk category (DFW). 
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