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A Typology of Delayed Graduation:

Using Sequence Analysis of Enrollment Data to
Uncover Heterogeneous Paths to a Degree!

Andrew M Wallace

City University of New York, Office of Policy Research

Abstract Taking more than the “traditional” amount of time to graduate is an in-
creasingly common path for undergraduate students at both the baccalaureate and
associate levels. The expectation that these degrees can be earned in four and two
years respectively is less likely to hold for students, especially those at public uni-
versities. This study uses transcript data from a large, urban public university sys-
tem to examine patterns of enrollment among delayed completers. For the purpos-
es of the analysis, delayed graduation is defined as more than six years for a
baccalaureate degree and four years for an associate degree.

Traditional Time to Degree is Increasingly Unrepresentative

Large proportions of undergraduates in American colleges and universities fail to
complete a degree within the “ideal” time frame: two years for an associate degree
and four years for a baccalaureate degree. Even when allowing a six-year time
frame for graduation, nationwide only 21.6% of entrants to associate programs
and 61.8% of entrants to baccalaureate programs have finished a degree (NCES
2011). Many policy makers and researchers view these low numbers as indicating
serious flaws in our system of higher education, harming both the students in-
volved and our nation’s economic competitiveness (Goldin and Katz 2009). Addi-
tionally, graduation rates differ between ethnicities, with Black and Hispanic stu-
dents graduating at lower rates compared to their White and Asian counterparts
(Massey et al., 2011).

This paper will present an analysis of patterns of enrollment of students who earn
a degree, but not necessarily “on-time.” For the purposes of this analysis, on-time
graduation is defined as earning a certificate or associate degree within eight se-

! An earlier version of this paper appeared as a chapter in my dissertation The Measure of a Man:
The Role of Measurement in Shaping Our Understanding of College Graduation along Ethnic
Lines. This paper was made possible with generous support from the National Science Founda-
tion (NSF).
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mesters or a baccalaureate degree within 12 semesters. Sequence Analysis is used
for this paper instead of a more traditional, regression-based method in order to at-
tempt to uncover possible heterogeneity in the paths students take to their gradua-
tion. The intent is to construct a policy-relevant typology of student pathways that
could provide the basis for further analysis and eventual interventions to improve
student outcomes. While other methods exist for uncovering heterogeneity, they
would either measure other aspects of a students pathway or they lack the poten-
tial interpretability of a typology arrived at by Sequence Analysis. For example, a
Growth Mixture Model of student credit earning would allow a researcher to look
for subgroups within student populations that earn credits at different rates. But
because it focuses on credits instead of graduation, it does not allow us to compare
patterns of students who earn different types of degrees or multiple degrees in the
same way that the state space described below does. A type of model that would
allow us to directly measure time to degree would be Survival Analysis. However,
any subgroups identified by using a mixture model version of a Survival Analysis
would not be as directly interpretable as those uncovered by Sequence Analysis.

Using Sequence Analysis on Educational Data

The way that the university semester system discretizes time means that longitudi-
nal educational data is especially well suited to applications of Sequence Analysis.
Sequence Analysis requires that time be measured in ordered, discrete units as op-
posed to continuously. At each point of measurement in the data under analysis,
each subject is in one and only one of the states described below. The data used to
create the sequences comprises 20 semesters of enrollment and graduation varia-
bles. The total number of observations is 125,515. Each semester is coded as one
of the following states:

* Enrolled Full-Time (12 or more credits) without earning a degree

* Enrolled Part-Time (fewer than 12 credits) without earning a degree
* Stopped Out Before a Graduation Outcome

¢ Transferred Out to a Non-System Institution

* Earned a Certificate Degree

* Earned an Associate Degree

* Earned a Baccalaureate Degree

* Not Enrolled, Post-Graduation

While there are ways of dealing with missing data in sequences, for the purposes
of this analysis it is not a problem. This is because not being enrolled in a given
semester is an influential factor in student outcomes. It is a source of information,
not a source of missingness. Further, there are effectively two types of non-
enrollment in this study: expected and unexpected. After a student graduates, we
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would not expect them to still be enrolled in the university system. Many of the
system’s students come back for further education, but for the purposes of this
study, those who have received at least one degree are a success. However, stu-
dents who are not enrolled but have not yet received a degree are unexpectedly not
enrolled.

A student may be enrolled in the semester in which they earn a degree, but for the
purposes of this analysis, the type of degree they earn in a semester is far more
important than the number of credits they were attempting in that semester. Be-
cause graduation is ultimately the outcome of interest, this aspect of a student’s
college career is the most salient feature of the state a student can be in during a
given semester. For example, given three students observed in a particular semes-
ter:

* Student A: Attempted 15 credits, earned a baccalaureate degree
* Student B: Attempted 15 credits, but earned no degree
¢ Student C: Attempted 9 credits, earned a baccalaureate degree

I argue that student C is more similar at this point of observation to student A than
is student B, regardless of the difference in credits attempted.

The fourth possible state, transfer to an outside institution, uses data collected by
the university system from an outside source to measure whether or not a student
who started within the system enrolled at a college or university outside of the sys-
tem. The National Student Clearinghouse (NSC) provides enrollment records for
students at participating colleges. For students who began college in the university
system under study but did not earn a credential within the system, a query was
made to the NSC to see if they turned up at another institution. This query was
conducted by the institutional research office of the system and the results were
provided in the data set used for analysis. The NSC also provides graduation data
for students who earn a degree at participating colleges but the number of colleges
that participates in the degree reporting is smaller than the number of colleges that
report enrollment. Because their graduation coverage is not as comprehensive as
their enrollment coverage, I am not including graduation outcomes at non-system
colleges in the state space. This choice was made because the lack of equal cover-
age means that graduation at non-system colleges will necessarily be undercount-
ed. For the purposes of this analysis, the fact that a student transferred to another
college is sufficient information to differentiate them from students who remain
within the system or who drop out of higher education entirely.

The effect of this on the coding schema that I use is that I don’t have a way to dif-
ferentiate between non-enrollment prior to earning a degree and non-enrollment
after earning a degree for students that transfer. Because of this, I make the choice
to code all semesters after which a student has an enrollment at a non-system col-
lege and does not subsequently return to the system as equivalent. Thus a semester
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after the observed point of transfer in which a student is not enrolled is treated as
an equivalent state to a semester for which the NSC has an enrollment record. This
has the effect of eliding some differences in patterns for transfer students but I ar-
gue that this is more desirable than mistakenly lumping in students who graduate
from a college that participates in enrollment report but not degree reporting to the
NSC with those students who transfer to a non-system college and do not earn a
degree.

This choice has the side effect of making transfer cumulative thus affecting its in-
terpretation. A student who transfers out of the system after two years will have a
sequence that ends with sixteen semesters of transfer, regardless of how many en-
rollment records were found in the NSC. Thus an analysis of the distribution of
states over time may show higher proportions of transfers (as well as stop outs and
non-enrollment post-graduation). It is important for the interpretation of this dis-
tribution to keep in mind that, for cumulative states, an increase in later semesters
may indicate a higher incidence of earlier experience of that state, not that students
are experiencing that state for the first time later in their career. So the proportion
of students who are in a cumulative state such as transfer in nineteenth semester
will include a mixture of those who experience that state for the first time in that
semester and those who experienced it earlier.

The Sequence Analysis is completed using the TraMineR package in R (Gabadi-
nho et al., 2011). The data set I use for this analysis provides historical, longitudi-
nal data on all first-time freshman, undergraduate students at the system’s cam-
puses. Students who attended another college prior to entering the university
system are not included in this data set. The data set includes students who entered
between September of 1999 and September 2002. These cohorts were chosen be-
cause they are the ones for whom a 10-year window of opportunity to graduate ex-
ists in the data. Admittedly, a shorter time frame would allow for more cohorts to
be included, but as noted above, students often graduate in a longer time frame
than what is considered traditional. A time frame longer than 10 years is not pos-
sible at this time due to the constraints of the data set.

Degree Bands

Most research on higher education distinguishes between community college stu-
dents and baccalaureate students. Of this, there is research that investigates how
well community college students who transfer to the baccalaureate level fare com-
pared to either their community college compatriots or to those students who start-
ed off as baccalaureate students. Not enough research includes the reverse phe-
nomenon, downward transfer, in its analyses. In order to fully capture the
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variation in student trajectories through higher education, the type of degree pur-
sued must be measured both at entry and at exit.

To this end, I separate out these students into degree bands. Those students who
ended up at the certificate level (as well as those who started there) are sufficiently
few and outside of the analytic scope of this study that I am excluding them from
analysis. Associate and baccalaureate degree attainment are the main focus of this
analysis. The final analytic sample is separated into degree bands based on initial
and final degrees sought. This allows me to include a more complete set of possi-
ble degree paths in the analysis. The degree bands used in this analysis are as fol-
lows:

* Baccalaureate at entry to and exit from the system (BA1)

* Baccalaureate at entry to and Associate at exit from the system (BA2)
* Associate at entry to and exit from the system (AA1)

* Associate at entry to and Baccalaureate at exit from the system (AA2)

As noted above, the total number of observations in the data set is 125,515. Of
these, 69.01% entered the system initially seeking an associate degree. 30.99%
initially sought a baccalaureate degree in the system. Of those who initially sought
an associate degree, 63.66% were still pursuing an associate degree upon depar-
ture from the system, regardless of whether that departure was due to graduation,
drop out, or transfer. 36.34% initially associate-seeking students transferred up to
the baccalaureate level by the time of their departure from the system. Of those
who initially sought a baccalaureate degree, 89.51% were still pursing a baccalau-
reate degree upon departure from the system and 10.49% transferred down to the
associate level.

Describing the Patterns

Figure 1 shows that for initially baccalaureate students who stay at the baccalaure-
ate level, the most common pattern is 7 semesters of full-time enrollment, fol-
lowed by a semester in which they receive their baccalaureate degree. This pattern
is followed by 10.4% of the BA1 population (3,618 students). 9 of the top 20 pat-
terns for this degree band involve graduation. Further, all of those graduation pat-
terns involve graduation within 6 years. Another 4 patterns in the top 20 involve
transfer (the yellow blocks). Finally, there are 7 patterns in the top 20 that do not
involve graduation or a transfer outcome. These are students who have dropped
out of the higher education system during the window of analysis. The orange
blocks represent semesters of non-enrollment before receiving some sort of de-
gree. The reader will also note that there are two patterns that involve part-time
enrollment (lavender). This type of enrollment is not very prevalent among the top
20 patterns for BA1 students.
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The top twenty patterns for the other degree bands told a rather different story.
Figure 2 shows the top twenty patterns for BA2 students. Of the twenty patterns,
only two involve graduation, seven involve dropping out, and eleven involve
transfer. Only three of the top twenty patterns for AA1 students involve gradua-
tion and the rest involve dropping out (Figure 3). The patterns look better for AA2
students (Figure 4). Almost half of the patterns (nine) involve graduation and the
remaining patterns involve transfer. None of these student’s top twenty patterns
involve dropping out.

As interesting as they are, the top 20 patterns for a degree band do not tell the
whole story. The top 20 patterns for BA1, BA2, AA1l, and AA2 only represent
44.52%, 12.75%, 42.56%, and 13.23% of their respective degree bands. These
percentages indicate that students who stay at the degree level they started at are a
lot more homogeneous than those who change level. This is evident from the fact
that the top 20 patterns of those who stayed at the level they started at represent
almost 45% and 43% of the students at the baccalaureate and associate levels re-
spectively. On the other hand, of those who changed level, only around 13% of the
students are represented by the top 20 patterns, regardless of starting level. The
absolute number of students represented by these top 20 patterns is also worthy of
note. For those who stayed at the same level that they started at, 15,516 and
23,520 students followed the top 20 baccalaureate and associate patterns respec-
tively. For those who changed levels, 521 and 4,167 students are represented by
the top 20 initially-baccalaureate and initially-associate patterns respectively.

Another way to examine the central tendencies of pattern data is to analyze the
distribution of states over time. This distribution is not indicative of any sequence
in the data much less the most common pattern. What the distribution can eluci-
date is general trends in state as the time window progresses. Figure 5 shows state
distribution for the BA1 group of students (those who pursue a baccalaureate de-
gree at entry to and exit from the system). In the figure, we can see that the pro-
portion of students in the stop out state starts to grow in the second semester and
peaks around the eighth semester. Around the same time as the peak of stop out,
the baccalaureate graduation state (rust) starts to grow. Consequently, the propor-
tion of non-enrollment post-graduation starts to grow, peaking at 57% in the twen-
tieth semester.

The state distribution for the BA2 students shows smaller proportions of positive
outcomes (Figure 6). The state of stopping out grows much more quickly and ends
up being a larger proportion than it did for BA1 students. It peaks at 48% in the
tenth semester. The proportion of transfer states is greater for this subgroup than
the BA1 students, topping out at 41% in the twentieth semester. That said, there is
some graduation and thereby non-enrollment post-graduation for these students
starting after the seventh semester and growing slowly but steadily to 20% by the
end of the analytic window.
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Figures 7 and 8 show the opposite trend in comparison for those who start at the
associate level. Those who stay at the associate level have worse outcomes than
those who transfer up to the baccalaureate level. This echoes findings in the litera-
ture that notes that students who manage to make it to the baccalaureate level from
the associate level do as well or better than those who began at four-year colleges
and stayed there. For AA1 students (those who were at the associate level at entry
to and exit from the system), the proportion of students in the stop out state rises
steeply beginning in the second semester then leveling out after the seventh se-
mester. As a proportion of all states, stopping out peaks for these students at 75%
in the tenth semester and remains around that level until the seventeenth semester
where it declines slightly until the end of the analytic tracking window.

By contrast, AA2 students have increasing proportions of graduation, transfer, and
non-enrollment post-graduation states starting in the fourth semester. Half of AA2
students are in a state of non-enrollment post-graduation by the end of the tracking
window and a further 30% have transferred outside of the system.

Taken together, the top twenty patterns for a degree band, as well as the distribu-
tion of states over time gives a better indication of the central tendencies of the da-
ta than either measure alone. The top twenty patterns show commonalities in
whole patterns while the distributions show changes in the composition of states in
the subpopulation over time. The top twenty patterns point to the most common
outcomes for students in a given group. The state distributions allow for compari-
sons at a given time point between groups. The differences between degree bands
at a given time point as well as the distribution trends over time show how BAI
and AA2 students do systematically better than BA2 and AA1 students.

The average time spent in a given state is another useful measure of the central
tendency of sequence data. Figures A.1 — A4 in the appendix represent these
measures calculated by degree band. On average, BA1 students spend slightly
more than six semesters enrolled full-time and not quite six semesters not enrolled
after graduating. BA2 students spend much less time enrolled full-time, more time
stopped out, and much less time in post-graduation non-enrollment. AA1 students
spend a distressingly long time in the state of being stopped out, which is likely
due to dropping out early. In contrast, AA2 students average a similar amount of
time enrolled full-time to BA1 students. They average less time not enrolled post-
graduation but this is probably due to the effect of transferring programs (if not
colleges) on delaying graduation.

While mean time in state tells us the proportion of a student’s career that they
spend in a given state, it does not tell us how long they spent in that state in a sin-
gle spell. That means that a student who is enrolled full-time for ten consecutive
semesters and then stops out for ten consecutive semesters will have the same av-
erage time in the full-time and stopped out states as a student who alternates be-



780 WALLACE, A. M.

tween the two every other semester. Nonetheless, the average amount of time that
a student spends in a state is still useful information.

Table 1 presents this information in another form: the proportion of a sequence
that students average in a state. While Figure A.3 tells us that an AA1 student
spends 12.88 semesters out of 20 stopped out, this table shows that accounts for
64.41% of a student’s career. Compared to the 38.72% that BA2 students spend
stopped out, the 23.97% that BA1 students spend stopped out, and the 17.77% that
AA2 students spend stopped out, this paints a dismal picture for AA1 students.
This table also shows that BA1 students spend the largest proportion of their time
enrolled full-time and AA2 students have the largest proportion of part-time en-
rollment.

Table 1. Mean Time Spent in State by Degree Band

State BA1 BA2 AAl AA2
Full-time 30.97 23.80 15.06 29.01
Part-time 5.61 9.96 7.06 1042
Stop Out 23.97 38.72 64.41 17.50
Transfer 8.70 17.36 4.85 17.77
Certificate 0.00 0.01 0.01 0.01
Associate 0.21 0.90 0.77 2.05
Baccalaureate 2.87 043 0.02 1.98

Non-Enrollment Post-Grad 27.66 8.83 7.81 21.26

Clustering the Patterns

It is important to note that, while there are generally accepted techniques for doing
a cluster analysis, a certain amount of subjectivity is involved with a cluster analy-
sis because of the necessity of choosing one algorithm over another. Further, the
choice of a final number of clusters is ultimately based on theory and interpretabil-
ity as much as it is upon any objective measure of cluster quality. Cluster analysis
of sequence data requires that a matrix of distances be calculated to tell the re-
searcher how close (by whatever measure) any two sequences are. The distance
measure chosen for this analysis is the Optimal Matching distance as implemented
by TraMineR. There is no consensus in the literature as to the single best way to
weight the substitution, insertions, and deletions, but it is generally acknowledged
that theory should be a guiding force in any weighting schema (Abbott and Tsay
2000; Gauthier et al., 2009; Lesnard, 2010). I chose to base the substitution cost
on transition rates in order to have the difficulty of exchanging one state for an-
other at any given time point be tied into how often this transition occurs from one
time point to another. While this makes the weights less generalizable because the
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clusters are more dependent on the transitions that occur in this particular data set,
I argue that the benefit of not artificially imposing a substitution cost based on in-
tuition outweighs the chance that the transitions occurring in this rather large data
set are systematically different than those that might occur with a different data
set. Tables A.5 — A.8 in the Appendix present the substitution cost matrices by de-
gree band.

Once a distance matrix is calculated, a clustering algorithm needs to be chosen. In
this analysis, I use Ward’s method to cluster patterns because of its wide usage
(Murtagh and Legendre, 2014). Table 2 presents a variety of measures of cluster
quality. While the cluster quality measures produced by TraMineR suggested a
two-, three-, or four-cluster solution, these clusters were not very informative and
were certainly not policy-relevant. Essentially those cluster solutions tell us that
students graduate, drop out, and transfer and not much more. In order to find more
interesting patterns, I look at larger numbers of clusters to see what groups would
emerge from the data. In these clusters, I find interesting patterns of degree com-
pletion, transfer, and dropping out. Looking at the various cluster solutions, I ar-
rive at the set of cluster solutions presented in Table 3 as the best balance of inter-
pretability and sample size. That is, I looked at representative sequences from each
possible cluster solution (up to 20 clusters) and interpreted the story of the mem-
bers of that cluster based on the representative sequences. Different numbers of
cluster solutions were chosen for each degree band because the different degree
bands had differing amounts of heterogeneity and with some of the degree bands
(AA1 in particular), it took a higher number of clusters for interesting sequences
to separate out from the larger clusters present in cluster solutions with fewer
numbers of clusters.

Table 2 Quality Measures of Best Cluster Solutions by Degree Band?

BA1 BA2 AAl AA2

Clusters ~ Statistics Clusters Statistics Clusters Statistics Clusters Statistics
PBC 3 0.88 3 0.79 3 0.90 3 0.81
HG 3 0.98 3 091 3 0.99 4 0.94
HGSD 3 0.98 3 091 3 0.99 4 0.94
ASW 3 0.68 3 0.52 3 0.72 3 0.51
ASWw 3 0.68 3 0.52 3 0.72 3 0.51
CH 2 23492.5 3 1654.17 2 26219.23 2 13959.77
CHsq 3 66154.18 3 4511.72 3 85479.95 3 35738.92
HC 3 0.02 3 0.05 3 0.01 4 0.03

2 The cluster quality measures are as follows: Point Biserial Correlation (PBC), Hubert’s Gamma
(HG), Hubert’s Somer’s D (HGSD), Average Silhouette Width (ASW), Average Silhouette
Width — weighted (ASWw), Calinski-Harabasz index (CH), Calinski-Harabasz index squared
(CHsq), and Hubert’s C (HC). For details, see Studer (2013).
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Table 3 Final Number of Clusters Chosen

Degree Band Number of Clusters
BAl 10
BA2 8
AAl 12
AA2 8

Figures A9 — A.19 in the Appendix present the representative sequences for all
degree bands. For example, the subfigures in Figure A.9 show the ten representa-
tive sequences chosen by TraMineR to represent the ten clusters for the BA1 de-
gree band in which graduation was the defining outcome. Unlike the top twenty
sequences in Figures 1 — 4, the height of the representative sequences is propor-
tional to how many students in the cluster followed a given sequence. The color
scheme for this figure is the same as it was in the top twenty pattern figures.

Each subfigure within the larger figure represents a cluster that I have named
based on the sequences presented. For example, in one cluster of BA1 students,
the top ten sequences that TraMineR chose to represent this cluster all involved
earning a baccalaureate degree by the sixth year from entry. As this was the char-
acteristic that seemed to differentiate this cluster from the others, I labeled this
cluster “On-time Graduates.” Figure A.9(a) shows the top ten representative se-
quences for this cluster.

I have arranged the clusters in the overall figure in order of how long it took the
students to reach the graduation outcome. The biggest difference between (a) and
(b) is the how many semesters it took the students to get there (4-6 years instead of
6-7 years). They are both otherwise characterized by mostly full-time attendance
(green) with some part-time attendance (lavender) and some stop out (orange).
The clusters represented by subfigures (c) and (d) represent graduation outcomes
that occur in the 6-8 year range. They are differentiated from each other by the
manner in which the students got to this outcome in that time frame. Students in
subfigure (c) took a leave that lasted 3-6 semesters and graduated immediately up-
on returning to the system. Students represented by subfigure (d) were enrolled for
a significant amount of time attempting fewer than twelve credits (part-time) on
their way to graduation. This shows a difference in the manner in which students
achieved their outcome, not simply in the duration to that outcome as we saw be-
tween (a) and (b). Subfigure (e) shows patterns that represent students who
stopped out relatively early (within 2.5 years) and took a long break (2 - 6.5 years)
before coming back to finish their degree.
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Table 4 Cluster Description and Frequencies, BA1.

Outcome Cluster Name N Percent within Degree ~ Percent Coverage
Band

On-time Graduates 16,269 46.73 81.6
6-7 year Graduates 2,176 6.25 52.4
7-8 year Graduates with 881 2.53 21.0
Gap

Graduates 6-8 year Graduates with 804 2.31 10.0
lots of part-time
7-10 year Grads with along 513 147 12.2
break

Transfers Early Transfers 3,710 10.66 75.7
Late Transfers 567 1.63 414

Drop Outs Early Drop Outs 7,490 21.51 772
Late Drop Outs 1,920 5.52 499

Other Characterized by a lot of 483 1.39 14.5

part-time

Table 5 Cluster Description and Frequencies, BA2

Outcome Cluster Name N Percent within Degree ~ Percent Coverage
Band

Graduates Associate Degree in 3-5 398 9.76 394
years
Associate Degree in 6-9 158 3.87 13.9
years
Earn Baccalaureate then 317 7.77 322
Seek Associate

Transfers Early Transfers 727 17.82 69.7
Late Transfers 304 745 523

Drop Outs Early Drop Outs 1,049 25.72 413
Late Drop Outs 563 13.80 26.6
Porpoising Enrollment 563 13.8 8.0
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Table 6 Cluster Description and Frequencies, AA1

Outcome Cluster Name N Percent within Degree ~ Percent Coverage
Band
2-4 year Associate 5,776 10.47 64.9
Graduates 5-7 year Associate be- 1,001 1.82 13.8
cause of break
5-7 year Associate be- 794 144 22.1
cause of part-time
7-10 year Associate be- 565 1.02 12.9
cause of long break
Early Transfers 2,168 393 71.6
Transfers Middle Transfers 1,221 221 60.3
Late Transfers 1,042 1.89 59.1
Drop out within 2 years 27,541 49.94 100.0
Drop out in 2-4 years 9,090 16,48 710
Drop out in 3-5 years 3,327 6.03 493
with part-time
Drop Outs Drop out in 4-5 years 1,813 329 564
mostly full-time
Drop out in 6-7 810 1.47 14.7

Table 7 Cluster Description and Frequencies, AA2

Outcome Cluster Name N Percent within Degree ~ Percent Coverage
Band

2-4.5 year Associate, 4— 5.585 17.74 60.2
5.5 year Baccalaureate
2.5-4 year Associate, 5— 8.476 26.93 28.0
6.5 year Baccalaureate

Graduate 3-5 year Associate, 5.5-8 2,123 6.75 55
year Baccalaureate, most-
ly part-time
3-5 year Associate, 8-9.5 1,062 3.37 4.0
year Baccalaureate

Transfers Early Transfers 6,821 21.67 64.7
Late Transfers 2.446 7.77 49.6

Drop Outs Drop out by year 5, stag- 3,578 11.37 36.4
gered

Other Mostly characterized by a 1,384 4.40 43

large break
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Tables 4 — 7 present the cluster solutions in detail. They are arranged by degree
band, general outcome (graduation, transfer, drop out, or other). The within-
degree-band percentage of students who fall into the cluster is presented along
with the percentage of coverage for the representative sequences in the Figure A.9
— A.19. Alexis Gabadinho and Gilbert Ritschard define the level of coverage for a
set of sequences within a cluster as “the percentage of cases that are within the
neighbourhood of at least one of the patterns in the set” (2013).

In these tables we can see that earlier onset of outcome tends to be more common
than later onset in terms of the number of students in a cluster. As an example, the
most common graduation outcome for AA1 students is receiving an Associate de-
gree in two to four years, with 10.47% of students in the degree band falling with-
in this cluster (Table 6). However, only a further 4.27% of AA1 students are cate-
gorized in the other three graduation clusters. Despite this, it is still important to
take note of these students as they are largely ignored by metrics that only meas-
ure “traditional” time to degree. For this degree band, however, the biggest group
of concern is the 27.541 students (49.94%) who are in the “Drop out within two
years” cluster.

As the two to four cluster solutions suggested by the measures of cluster quality
mentioned above indicate, there are three general trends in outcome across all four
degree band: Graduation, Transfer, and Dropping Out. This is significant variation
within these group and some differences across degree bands, but overall most
clusters fell into one of these three categories.

However, within each outcome there is a definite distinction to be made between
clusters based on the number of semesters it took students to reach that outcome.
As an example in the BA2 cluster solution there are two clusters that are charac-
terized by transfer outside of the university system under study. The difference be-
tween the clusters appears to be that one group of students transfers rather quickly
after leaving the system while the other group takes a long break before transfer-
ring. The Early Transfers time to outcomes ranged from one to three semesters af-
ter their last enrollment in the system while the Late Transfers had a gap in en-
rollment lasting between five and fifteen semesters.

In some of the degree bands, there was more heterogeneity among those clusters
that involve taking longer to reach the eventual outcome. In the AA1 cluster solu-
tion there were 4 graduation clusters. Figure A.14 presents these clusters ordered
by time to outcome. Similar to the graduation clusters for the BA1 degree band,
there is an on-time cluster, two delayed-graduation clusters, and a very delayed
graduation cluster. As with the BA1, the difference between the delayed gradua-
tion clusters is between students who mostly attend part-time and those who take a
break. Also similar to the BA1 cluster solution, the extremely delayed graduation
cluster is due to a lengthy break in enrollment (as opposed to taking a number of
short breaks).
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Implications of the Cluster Solution

The clusters indicated by the analysis presented here have a number of potential
implications both for our understanding of graduation and for what policies might
be implemented to improve student outcomes.

That there are students who take longer than what is traditional to graduate is not
surprising given the previous work done in this area. However, I was expecting
that there would be a larger variety of differences in how students got to their de-
layed graduation than was found in the analysis. I expected that there might be
students who came in and out of the higher education system, taking breaks in or-
der to work or for some other reason. However, I find in general that students who
took more than six years to graduate did so because they were part-time for a large
portion of their career in the university system or they took a multi-semester
break, after which they returned and finished the degree. The length of the break
for delayed students surprised me.

This second group of delayed graduates is potentially interesting from a policy
standpoint because the difference between them and a dropout is that they came
back. This implies that further work can be done to explore the systematic differ-
ences between dropouts and those students who succeed despite an absence from
higher education.

The cluster solution for the BA1 degree band along with those for the other degree
bands support the typology of delayed graduation that I am proposing:

* Those who have no delay

* Those who have a short delay

* Those who have a medium delay with a break

* Those who have a medium delay with part-time enrollment
* Those who have a long delay with a long break

This typology is potentially useful as the basis for further research that would in-
form a variety of interventions aimed at helping student graduation faster. For ex-
ample, following up with students who had a long or short break before graduation
could help administrators understand the reasons that ultimately successful stu-
dents were not able to complete a degree in a contiguous manner.

Further, the existence of these delayed graduates whose pathway to degree in-
cludes a break implies a potential intervention for those students who have
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stopped out of the system and have not yet returned to complete their degree.
Checking in on a student who nearly has enough credits to graduate but is not cur-
rently enrolled would reveal a wealth of actionable information. It could allow
administrators to discover if a student has stopped out because of family obliga-
tions, financial considerations, or some other factor outside the control of the insti-
tution. If, however, the reason a student stops out just shy of the necessary credits
for a degree is something within the scope of influence of the institution (class
availability, tutoring, etc.), then the institution can attempt to provide the neces-
sary services to help the student see their degree to completion.

On the other hand, students who drop out early in their career (a large proportion
of AA1 students) would be helped by interventions earlier in the process. If a
comprehensive survey of the reasons a student drops out early could be found by
following up with those students who drop out early, the institution could tailor
supports to students who face similar obstacles at or before entry to college.

The difference between paths to degree for delayed graduates and the similarity
between a delayed graduate and a drop out who has nearly enough credits to grad-
uate implies the need for interventions to bring these students back into the fold. It
is important to note that a single type of intervention will be less likely to work
than a variety of interventions targeted at students based on their pathway through
college. A student who struggles early on and is in danger of dropping out is likely
to need different supports than a student who is nearly done with their degree but
is having trouble crossing the finish line. The typology proposed in this paper has
the potential to act as a framework for understanding students’ path to degree and
where in their careers students might need additional supports to complete in a
more timely manner. While it is important not to judge students who take longer
to earn their degree if that is their choice or is the best possible solution given their
life circumstance, the sooner a student completes their degree the sooner they can
reap the economic benefits it will afford them.
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Appendix

Mean time (n=34,813)

Fig. A.1 Mean Time in State, BA1

Mean time (n=4,079)

Fig. A.2 Mean Time in State, BA2.
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Table A.5 Substitution Cost Matrix, BA1

1 2 3 4 5 6 7 8
1 0.00 1.69 1.87 1.99 1.86 1.50 1.93 2.00
2 1.69 0.00 1.74 1.99 1.93 1.83 1.94 1.97
3 1.87 1.74 0.00 1.99 2.00 2.00 1.98 2.00
4 1.99 1.99 1.99 0.00 2.00 2.00 2.00 2.00
5 1.86 1.93 2.00 2.00 0.00 2.00 1.93 1.29
6 1.50 1.83 2.00 2.00 2.00 0.00 1.92 1.74
7 1.93 1.94 1.98 2.00 1.93 1.92 0.00 1.01
8 2.00 1.97 2.00 2.00 1.29 1.74 1.01 0.00
Table A.6 Substitution Cost Matrix, BA2.

1 2 3 4 5 6 7 8
1 0.00 1.70 1.72 1.98 1.89 1.95 1.93 1.99
2 1.70 0.00 1.62 1.99 1.67 1.92 1.87 1.92
3 1.72 1.62 0.00 1.96 2.00 1.99 2.00 2.00
4 1.98 1.99 1.96 0.00 2.00 2.00 2.00 2.00
5 1.89 1.67 2.00 2.00 0.00 2.00 2.00 1.44
6 1.95 1.92 1.99 2.00 2.00 0.00 1.99 1.09
7 1.93 1.87 2.00 2.00 2.00 1.99 0.00 1.18
8 1.99 1.92 2.00 2.00 1.44 1.09 1.18 0.00
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Table A.7 Substitution Cost Matrix, AA1

1 2 3 4 5 6 7 8
1 0.00 1.71 1.70 2.00 1.82 1.94 1.96 2.00
2 1.71 0.00 1.60 2.00 1.83 1.93 1.82 1.98
3 1.70 1.60 0.00 1.99 2.00 2.00 2.00 2.00
4 2.00 2.00 1.99 0.00 2.00 2.00 2.00 2.00
5 1.82 1.83 2.00 2.00 0.00 1.96 2.00 1.39
6 1.94 1.93 2.00 2.00 1.96 0.00 2.00 1.08
7 1.96 1.82 2.00 2.00 2.00 2.00 0.00 122
8 2.00 1.98 2.00 2.00 1.39 1.08 122 0.00
Table A.8 Substitution Cost Matrix, AA2

1 2 3 4 5 6 7 8
1 0.00 1.67 1.82 1.99 1.73 1.47 1.96 1.96
2 1.67 0.00 1.78 1.99 1.73 1.79 1.95 1.89
3 1.82 1.78 0.00 1.94 2.00 1.97 1.99 2.00
4 1.99 1.99 1.94 0.00 2.00 2.00 2.00 2.00
5 1.73 1.73 2.00 2.00 0.00 1.96 1.98 1.61
6 1.47 1.79 1.97 2.00 1.96 0.00 1.97 1.70
7 1.96 1.95 1.99 2.00 1.98 1.97 0.00 1.00
8 1.96 1.89 2.00 2.00 1.61 1.70 1.00 0.00
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(a) On-time Graduates

(b) 6-7 year Graduates

(c) 7-8 year Graduates with Gap

—_~

d) 6-8 year Graduates with lots of Part-Time

=

1

(e) 7-10 year Graduates with a long break
Fig. A9 Representative Sequences, Graduation Group, BA1
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(c) Early Drop Outs

(d) Late Drop Outs

(e) Other, Characterized by a lot of part-time
Fig. A.10 Representative Sequences, Transfer, Drop Out, and Other Groups, BA1
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(a) Associate Degree in 3-5 years

(b) Associate Degree in 6-9 years

(c) Earn Baccalaureate then Seek Associate

Fig. A.11 Representative Sequences, Graduation Group, BA2
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Fig. A.12 Representative Sequences, Transfer Group, BA2
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(c) Porpoising Enrollment
Fig. A.13 Representative Sequences, Drop Out Group and Other Group, BA2
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(a) 2-4 Year Associate

(b) 5-7 Year Associate because of break

(c) 5-7 Year Associate because of part-time

i

=

(d) 7-10 Year Associate because of long break

Fig. A.14 Representative Sequences, Graduation Group, AA1.
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Fig. A.15 Representative Sequences, Transfer Group, AA1
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(a) Drop out within 2 years

(c) Drop out in 3-5 years with part-time enrollment

(d) Drop out in 4-5 years mostly full-time enrollment

(e) Drop out in 6-7 years
Fig. A.16 Representative Sequences, Drop Out Group, AA1
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(a) 2-4.5 year Associate, 4-5.5 year Baccalaureate
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(b) 2.5-4 year Associate, 5-6.5 year Baccalaureate

(c) 3-5 year Associate, 5.5-8 year Baccalaureate, mostly part-time

(d) 3-5 year Associate, 8-9.5 year Baccalaureate

Fig. A.17 Representative Sequences, Graduation Group, AA2.
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Fig. A.18 Representative Sequences, Transfer Group, AA2
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(b) Other, Mostly characterized by a large break
Fig. A.19 Representative Sequences, Drop Out and Other Group, AA2.
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