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Analyzing Various Scoring Methods for Fill-In Concept Maps
Ethan Cartwright, Meagan E. Ita, Krista M. Kecskemety
Abstract

Concept mapping is an instructional tool that has shown promise in assessing conceptual
understanding, especially with deeply interconnected topics and those focused on connections,
like that of the Entrepreneurial Mindset. An important step in implementing concept map
assignments for assessing student subject knowledge in a classroom is scoring, of which there
are many methods that have been developed. However, there are few scoring methods that have
been developed for fill-in concept maps, a format where students are given the structure of the
concept map along with a bank of words with which to fill it in. Fill-in concept mapping is a
potentially attractive variant of concept mapping for its reduced load on both students and
instructional teams, particularly in the case of large and/or low-resource settings, but has seen
less extensive research efforts. This study uses adaptations to the three prominent unstructured
concept map scoring methods to fit the fill-in format and compares scoring results across the
methods. No statistical difference is found between each of the adapted methods, potentially
indicating assessment of a similar skill, though best-use application of each method may differ.
Further qualitative analysis on the implementation and scoring of the various methods is
discussed. The results and the proposed alterations may be useful in further development of
scoring methods for fill-in concept maps which can adequately assess conceptual understanding.

Introduction

The Kern Entrepreneurial Engineering Network (KEEN) [1] is a partnership of
universities across the United States that is dedicated to infusing the Entrepreneurial Mindset
(EM) into undergraduate engineering curriculum. EM is a multidisciplinary philosophy that
involves problem solving, value creation, innovation, and decision making [2,3]. The
Entrepreneurial Mindset is a mental framework predicated on an inclination for discovery, value
creation, and seeking opportunity [4]. In particular to KEEN, EM is focused on the 3 Cs of
curiosity, connections, and creating value [1].

In a larger KEEN sponsored study across multiple institutions concerned with EM
infusion in undergraduate education, concept map assessments of various types have been
implemented to assess student understanding of EM throughout their undergraduate experience,
and the growth therein. Concept mapping was used as a tool in this setting for its ability to assess
conceptual understanding and connections within complex topics like that of EM [5,6]. In
addition to concept mapping being an important metacognition activity for students studying
complex topics, concept mapping also directly forces students to make connections between
topics which is a key component of the Entrepreneurial Mindset. As a subset of this study, fill-in
concept maps have been used at a large midwestern university [7]. A fill-in concept map
provides the structure of the map along with a word bank of concepts that the student is expected
to use to fill it in. Along the progression of this study design, the applicability of the three
prominent scoring methods for fill-in maps came into question. The three prominent scoring
methods have been shown to successfully assess conceptual understanding in a given topic [8],



but are formulated for concept maps that are made without a provided structure or concepts. In
validating the applicability of fill-in concept mapping as an assessment tool, other studies
typically use a correct/not correct scoring scale in which a score is given based on how many
concepts correctly match that of the primary, complete fill-in map developed by the instructor(s)
or researcher(s) [9,10].

Fill-in concept maps may be more appealing to instructors due to a perceived decrease in
cognitive load for the student and workload for both the student and instructional team, but little
research has been conducted looking into how a fill-in concept map should best be assessed. This
lack of research prompted an adaptation of the prominent unstructured concept map scoring
methods to a fill-in map. Very little analysis has been done as to how a fill-in concept map could
be most adequately assessed, and whether different methods may be more applicable in various
circumstances. Therefore, the primary goal of this study was to analyze these adaptations of the
prominent concept map scoring methods quantitatively to see what trends arise within and across
methods, and qualitatively to discuss the usage of the various methods. Although the concept
maps used to accomplish this goal are centered on the topic of EM and have applications to the
EM attribute of “making connections” [1], the central focus of this study is how fill-in concept
map scoring methods differ in their application to EM and more broadly.

Background
A. Concept Mapping

Conceptual understanding of complex topics is predicated on recognition of
interconnection between concepts within that topic, more so than the ability to recall factual
information [6,8]. This is due to the importance of relationships between concepts in these
topics. Typical multiple choice assessment tools fail to capture this more intricate system of
connection, so many methods have been proposed to reconcile that gap [11]. Concept mapping is
an assessment tool that can adequately address that failure. Concept mapping is a graphical
representation of a central topic and the way related concepts connect to that central topic [8].
Concept mapping requires linking and describing connections between concepts within a central
topic to demonstrate understanding, which applies more directly to how topics are structured [6].
Additionally, concept maps are generally hierarchical in nature and include links crossing
hierarchies. This style of assessment is supported by semantic memory theory in that semantic
memory is structured as a network of conceptual understandings and links between related
concepts [11]. By assessing the structure of semantic memory, concept maps seek to better
encapsulate the intricacies of conceptual understanding.

The most common presentation of a concept map assignment is without a provided
structure. This means that the map creator dictates which concepts are included in the map, and
how those concepts are connected because they provided with just a central topic. This is in
contrast to a fill-in concept map that initially starts with little or no filled in concepts, but a
provided structure and concept bank. There is an array of different methods for assessing how
satisfactory a concept map encapsulates its central topic. The three most prominent methods to
emerge for doing so are traditional, categorical, and holistic [8], but these three scoring methods
were developed for scoring an unstructured map. While this study is concerned with fill-in
concept maps, the scoring methods used are adapted from the three prominent scoring methods,



and thus the usage and motivation behind each of the scoring methods is contextually important.
The following describes the three prominent scoring methods for unstructured concept maps.

B. Traditional Method

The traditional scoring method is the most straightforward of the prominent methods. Its
scoring is objective and combines three sub-scores to result in an overall score. These sub-scores
assess the knowledge breadth, depth, and connectedness of a concept map, respectively. Breadth
is assessed through the number of concepts present in the map, depth through the number of
levels in the map—its hierarchy—and connectedness through the number of links across
branches in the map. Various weightings can be given to the sub-scores to prioritize different
aspects of the concept map’s structure, but most prominent is the scoring developed by Novak
and Gowin [12], seen in Eq. 1.

Score =NC+5+HH +10* NCL 1)

NC is the number of concepts in the map, which excludes the central topic and any
linking words—those not inside a bubble. HH is the highest hierarchy, or the highest number of
concepts in a direct path from the central topic to an end-point concept. This cannot follow along
a cross-link or feedback loop. NCL is the number of cross-links, or instances in which concepts
from different branches are linked together. This particular set of weights by Novak and Gowin
[13] has been shown to be highly successful in assessing expert-level understanding [14].

C. Categorical Method

The categorical scoring method, much like that of traditional, encapsulates the structure
of a concept map but is more focused on connections between areas of the material present in the
map. This method was originally developed by Segalas et al. [15] to assess sustainability concept
maps, but has been successfully expanded to other topics. Of particular interest with this method
is its ability to assess the complexity of a concept map. It assesses the complexity of the map
through its ability to connect various categories of concepts together. The scoring formula is
below in Eq. 2.

NIL

)

NC again is the number of concepts in the map, which excludes the central topic and any
linking words. NIL is the number of interlinks present in the map—the number of instances in
which concepts of different categories are linked together. Ncar is the number of categories
present in the map. Typically, categories come from learning outcomes in a topic or a
comprehensive expert analysis of the topic. Unlike the traditional and holistic scoring methods,
the categorical complexity has no summation of sub-scores. This is due to the method’s focus on
the connectedness of the map’s structure. In some sense, the breadth and depth of the map could
be said to be expressed through the categorical complexity, but nonetheless cannot be separately
examined.

Complexity = NC *

Ncar



D. Holistic Method

The holistic scoring method attempts to be maximally generalizable by assessing the
same parameters as the traditional method with the addition of correctness. This form of
assessment is much more subjective than that of the traditional scoring technique because it has
no set criteria in each of its three metrics. The particular calculation which has become most
prominent was developed by Besterfield-Sacre et al. [16] using Eqg. 3.

Score = Comprehensiveness + Organization + Correctness 3)

Comprehensiveness is a combination of the breadth and depth of the structure of a map.
Organization is the level of integration between concepts on the map. Correctness assesses how
often a map correctly connects concepts according to an expert scorer. These parameter
descriptions are rules of thumb that have been adapted in various ways to alter how objective the
method is and how specifically the parameters are assessed. Similar to the traditional method, a
map with more concepts and longer chains of concepts will score higher in Comprehensiveness.
A map with a webbing structure, and/or many interlinks will score higher in Organization.

Methods
A. Data Collection

Within this study, a fill-in concept map regarding EM was completed by first year
engineering students at a large midwestern university after the completion of an introductory
engineering course in fall 2020. This fill-in map was developed based off of an expert concept
map [17]. The concept map was then administered to students near the end of the semester as a
completion grade. This student population consisted of first-year pre-engineering students with
little exposure to EM or concept mapping. The fill-in maps were administered through Cmap
Tools [18], an electronic format, for ease of scoring.

The collected concept maps were then scored using each of the adapted scoring methods
by two separate graders, according to general best scoring practices [19], and later compared for
accuracy in scoring. First, the adapted traditional scoring method was used and discussion was
held between scorers to sort out discrepancies in scoring. As will be discussed later, the adapted
traditional scoring method should yield a result independent of scorer, so all maps were scored
and compared without initial calibration, and discussion was held until there was perfect
agreement in scoring result. The set of maps was scored using the adapted categorical method
after an initial discussion between scorers on what categories the concepts of the primary concept
map fall into and how the category a concept fits under may differ depending on the connections
made to it. After this discussion, the maps were scored and discussion of each map’s score was
held until there was perfect agreement. Similar to the adapted traditional scoring method, the
adapted holistic scoring method should give a result independent of scorer, aside from the
breadth component which was scored as a part of scoring the maps using the adapted categorical
method. With this, no calibration was done, and all maps were scored and discussed by the two
scorers until perfect agreement in scores was reached.



B. Primary Concept Map

To carry out the study, a concept map for the topic of interest was generated to use as
both the model concept map for scoring, and as a template from which concepts were removed to
construct the participant assignment. The topic of interest in this study, as discussed prior, is the
Entrepreneurial Mindset. The concept map used draws from prior work by Bodnar et al. as a
simplified version of that complete EM concept map [17].

C. Adapted Scoring Methods

The three prominent scoring methods used in unstructured maps were altered in a way
that attempted to preserve the intent of the original method. The important aspects of these
methods that were prioritized in their adaptations are as follows:

Traditional: Objectivity in and ease of scoring.
Categorical: Capturing connections between various aspects of a topic.
Holistic: Correctness in conjunction with concept map structure.

The traditional method translates poorly to the fill-in format due to it solely capturing of
the structure of a map. For a set of fill-in maps, the structure is provided, so will be identical
provided no concepts are empty. Because of this, the adapted method is quite different from the
traditional method in terms of its specific attributes, but retains its intent. The adapted method is
similar to a correct/not correct scoring scheme as it is the most objective and rigid structure. This
adapted method is occasionally referred to as link similarity, but will be referred to as the
adapted traditional method in this study much like the other adapted methods. Eq. 4 shows the
scoring formula where NML is the number of matching links, NTL is the total number of links,
and NNL is the number of non-matching links. A matching link is an instance in which two
concepts were correctly connected together with a linking word when compared to the primary
map. Since the maximum score is a map in which no non-matching links are present, the
maximum score is 1. The total number of links in a map is 22 due to the maps being fill-in. This
method is self-normalizing and results in a link similarity quotient.

NML
NTL+NNL

Score = 4)
The categorical scoring method was better fit to transfer to the fill-in format. Although it
also captures the structure of a map, it does this in the context of the concepts that were placed
by the participant completing the map. As in the typical categorical method, concepts were
mapped to a category in which they fit, and points were awarded based on the number of
instances that concepts of different categories were connected. Notably, scorers attempted to use
context within the map to categorize concepts which allowed for identical concepts to fit into
different categories in different maps. This method retains the same formula used for
unstructured maps. Although the primary map is considered the “correct” map for the other
methods, the categorical method doesn’t consider correctness. EQ. 2 is repeated here for clarity,
showing the scoring formula, where NC is the number of concepts used, NIL is the number of



interlinks, or instances of concepts of different categories being connected, and Ncar is the
number of categories present in the map.

Score = NC * —2& 2
Ncar

The holistic method assesses the breadth, depth, organization and correctness of a map,
some of which are transferable to a fill-in map. The correctness metric can be transferred with
the usage of a primary map. The organization metric assesses the structure of the map, and was
dropped because the structure is identical across maps. The adapted method uses the same three-
point total for the remaining two metrics. A half point is removed from the correctness total for
each instance in which a concept does not correctly connect to another concept when compared
to the primary map. The comprehensiveness metric was given points through the categories that
were assigned during the categorical scoring of the maps. This was done because an inclusion of
more categories indicates that the map demonstrates a higher breadth of information. The
breakdown of points awarded in the comprehensiveness metric can be found below in Table 1,
along with the formula for the method generally. Eq. 5 shows the scoring formula, where
Comprehensiveness is the sub score for the comprehensiveness metric, and Correctness is the
sub score for the correctness metric.

Table 1: Comprehensiveness Sub score Breakdown by Number of Included Categories

Number cof Categories Comprehensiveness Sub Score
9 3
7 to 8 2.5
5 to 6 2
3 to 4 1.5
1 to 2 1
Score = Comprehensiveness + Correctness (5)

D. Correlation between methods

Scores for all three adapted methods were normalized by maximum score (traditional: 1;
holistic: 6; categorical: highest score achieved by any participant) to allow for comparisons
across methods. The normality of normalized scores was assessed with a goodness-of-fit test on
the residuals of all outcomes; all normalized scores were found to be non-normally distributed.
To test the effect of the different scoring methods on student scores, matched pairs Wilcoxon
signed rank comparisons (for non-normal distributions; 0=0.05) were performed between the
different scoring methods on the normalized scores (traditional vs. holistic; traditional vs.
categorical, and categorical vs. holistic).

From these normalized scores, the differences in normalized score were calculated for
both categorical and holistic relative to their respective traditional score. This difference score
was computed to quantitatively assess how a student performed with the categorical scoring



compared to traditional and the holistic scoring compared to traditional. An example of this
calculation for one student map is shown in Table 2. Traditional was used as the baseline for
comparison because of its similarity to the correct/not correct scoring method which is prevalent
in the literature [9,10].

Table 2: Sample Percentage Difference from Traditional. This example shows that this student
received a higher percentage score with categorical than traditional (+9.53%) yet a lower
percentage score with holistic than traditional (-7.14%).

traditional categorical holistic categorical difference holistic difference
57.14 66.67 50 9.53 -7.14
Results

Each of the scoring methods was recorded in terms of its component sub scores, the total
based on the sub scores, and the converted percentile equivalent. Tables 3, 4, and 5 are a sample
of these results for 5 concept maps.

Table 3: Traditional Scoring Method Sample Data

Participant NML NNL Score Percentage
1 22 0 1 100
2 17 5 0.62963 62.963
3 12 10 0.375 37.5
4 10 12 0.25412 25.412
5 10 12 0.25412 25.412

Table 4: Categorical Scoring Method Sample Data

Participant NC NIL NCAT Score Percentage
1 17 7 9 13.222 58.333
2 15 8 9 13.333 58.824
3 17 7 9 13.222 58.333
4 17 9 9 17 75
5 15 8 8 15 66.176



Table 5: Holistic Scoring Method Sample Data

Participant Correctness Comprehensiveness Score Percentage
1 3 3 & 100
2 0.5 3 3.5 58.333
3 0 3 3 50
4 0 3 3 50
5 0 2.5 2.5 41.667

Table 6 shows the p-values computed from matched paired Wilcoxon comparisons. There
are no significant differences between any of the datasets, demonstrating that students do not
collectively perform better or worse by one scoring method relative to another (p > 0.12).

Table 6: Wilcoxon Nonparametric Comparison

dataset 1 dataset 2 p-value

Trad Hol 0.223
Trad Cat 0.1297
Hol Cat 0.3128

Figures 1 and 2 represent the difference in score for each map between categorical and
traditional in grey and holistic and traditional in red. Dots on the figures represent individual
points within the larger dataset. Figure 1 compares the differences using the same “percent
difference” axis as a comparison of the two datasets, while Figure 2 has an expanded axis for the
holistic dataset for better clarity in the spread.
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The visual representation of the percentage difference from the adapted traditional
method reveals how tightly spread individual scores are across the scoring methods. In
particular, the tighter spread between holistic and traditional may point to the structural
similarities of the methods that is otherwise unseen with the paired t-tests.

Discussion
A. Inter-method scoring

The statistical analysis performed in this study indicates that each dataset was found to
have a non-normal distribution, and the datasets were found to not be significantly different from
each other. The non-normality of the data is potentially an indication of the subject matter
understanding of the sampled population, or the difficulty of the assignment. The fill-in concept
map assignment was administered in a first-year engineering course, a student population that
may have had a similar level of exposure, or lack thereof, to the EM subject matter. Additionally,
a high density of scores was found near the top of the range, indicating that the assignment could
have been easy for the participants leading to a ceiling effect.

The lack of statistical difference between scoring methods indicates that the scoring
methods may be assessing a similar skill. Although this does not prove that these scoring
methods assess conceptual understanding, this is a promising step toward generating scoring
methods for fill-in concept maps.

B. Traditional

The adapted traditional scoring method closely resembles the correct/not correct method
that is typically employed for fill-in maps. While little analysis of the efficacy of the method in
comparison with other methods has been conducted, much research has demonstrated that fill-in
concept maps can successfully predict high-level conceptual understanding when graded with the
correct/not correct method [9,10]. With this context, it could be considered the most consistent
and grounded scoring method when applied to fill-in maps. An instructor can be confident that a
high scoring map generally describes the central topic better than a low scoring map.



Additionally, with the objectivity in this method, little expertise is necessary in the area of the
concept map topic aside from constructing the primary map; few discrepancies in results should
occur, and scoring a large set of maps should be fairly efficient with the adapted traditional
method compared to other methods.

However, as indicated, this method assumes objectivity—that a concept is either used
correctly or incorrectly. This assumption can be problematic when the interpretation of concepts
is unclear or when a connection can be made between two concepts that are not represented in
the primary map. There is no gradient of correctness in this method, so regardless of whether the
inclusion of a concept could be considered valid or not—it will receive no points if it does not
match the primary map. Additionally, a cascade effect can be exhibited in incorrectly placed
concepts. For concepts that connect to multiple other concepts, a singular incorrect placement
will cause all connected concepts to also be marked incorrect. Should two separate participants
misplace the same number of concepts, they may receive different scores depending on which
concepts those are. This may be sought after in the case of fundamental concepts being
misplaced, but potentially runs counter to the spirit of a traditional map in its objectivity.

Figure 3 shows an example of this cascading effect. The concepts highlighted in blue are
concepts that were incorrectly placed, and the linking words circled in red are locations where an
interlink is not correctly matching. In the case of this map, two incorrectly placed concepts
caused the map to have 15 of 22 correctly matching links, an adapted traditional score of 52%. If
adapted traditional score were proportional to the number of correctly placed concepts, this map
would receive an adapted traditional score of 79%.
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Figure 3: Traditional Scoring Cascade Effect

There is a plethora of benefits of the traditional scoring method, but it requires careful
execution when developing the primary map. An instructor should pay close attention to whether
concepts could validly fit in other locations than is reflected in a primary map. Should a primary
map control for this, this adapted traditional scoring method would likely be an effective scoring
method.



C. Categorical

The adapted categorical scoring method has little differences from the original
categorical scoring method which comes with some concerns in the fill-in format. This method
was time consuming both in categorizing the concepts generally, and in interpreting participant
intent for categorization in the context of each specific map. A scorer using this method should
have clear understanding of the topic and its underlying concepts.

On top of the more rigor required to assess a map categorically, some concerns were
present. Because of the inverse relationship with number of categories inherent to the scoring
method, without increasing the number of interlinks between concepts, the score of a map is
diminished for increasing the number of categories they use in their map. This disincentivizes
emphasizing breadth of the map which is generally not a desired outcome in concept mapping
assessments.

Occasionally the feature described above had an interesting effect wherein the primary
map would receive a lower score than a traditionally incorrect map because that incorrect map
used fewer categories. Figure 4, below, was found to only include 15 of the 17 concepts in the
concept bank, thus repeating words. With this choice by the participant, the map used 8
categories and had 8 interlinks, compared with 9 and 7 for the primary map, respectively.
Consequently, this map, and others, received a higher score than the primary map in the adapted
categorical scoring method.
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Figure 4: Categorical Primary Map Outscoring

It is important to note the flexibility that is offered to the student through the adapted
categorical scoring method. Because of the fluidity of the category that a concept can fit under,
participants were allowed, without having been told, to change the meaning of a concept away
from what an instructor may have thought is ideal. This can be beneficial in that a participant’s
difference from a primary map could indicate nuanced understanding of the central topic, but
may also incentivize truly incorrect concept placement.



The example map in Figure 5 shows this flexibility. The concepts highlighted in blue are
concepts that are placed in a different location than that of the primary map. This map connects
concepts of different categories much more regularly than the primary map. The differently
placed concepts in the other two scoring methods would be considered incorrect and lead to
point deductions, but in categorical are only considered by their category. From the perspective
of the topic in question, some of these concepts should be considered incorrect, but some could
be argued to fit their different location. This shows both the promise and drawback of the
categorical method’s flexibility. In this case, the map scored much more highly than the primary
map with 22.7 points, compared with 13.2 points for the primary map.
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The categorical method has complex interactions when adapted to fill-in maps, but is a
promising method, particularly with additional adaptations and considerations during usage. This
method attempts to capture the complexity of a concept map through its many connections
between the categories of the central topic. An adaptation of the method that refrains from
reducing a map’s score for utilizing more categories of the central topic may better fulfil the goal
of assessing breadth of conceptual understanding. Additionally, an adapted categorical scoring
method would likely be best employed for a topic that is deeply connected and particularly
complex in its connections between concepts of the topic.

D. Holistic

Much like the adapted categorical scoring method, the adapted holistic scoring method is
similar to its original, but presents some concerns, albeit more subtle than that of the adapted
categorical method. Unlike the holistic method when applied to unstructured maps, this adapted
method is not substantially more time consuming than the categorical method. This method
requires categorizing concepts as well, but there is much less subjectivity overall. This manifests
in the rigid scoring for comprehensiveness and correctness based on the categories and the
primary map, respectively.

This adapted holistic method did not distinguish between maps in a realistic pattern. In
comprehensiveness, very few maps did not receive a perfect score, whereas in correctness, a



majority of maps received a score of zero. Because of the structure provided to the student,
missing categories generally requires not including concepts, or significantly reassigning the
category in which concepts fit which is generally uncommon. Additionally, because each
incorrect concept lost the student half a point of the three correctness, a moderately correct map
(11 of 17 correct concepts) would still receive a score of zero. Much like the traditional scoring
method, the holistic scoring method requires that a map matches that of a primary map without
concern for a gradient of how correct a student response may be, but because this correctness is
only one component of the overall score, this circumstance is less prominent in the holistic case.

The pie chart in Figure 6 shows the distribution of scores in the correctness metric across
the dataset. A score of zero is the overwhelming mode for this metric. The adapted holistic
scoring method is unable to distinguish levels of correctness in the concept maps beyond the top
half of performing scores in the metric, and could be adjusted to better do so.

3

Figure 6: Holistic Scoring Method Correctness Distribution

Although there are difficulties in adapting the holistic scoring method to a fill-in map
while retaining its original spirit of comprehensive analysis, it could be the most flexible method
given some alterations. A potential solution to the correctness problem is a correctness scale as a
percentage of correctly placed concepts. This change allows for more differentiation in assessing
amap’s concept placement. A restructuring of the scoring scales for this adapted holistic method
may Yyield a scoring method that is more generalizable in many circumstances. This is because it
would have a diminished presence of the traditional scoring downside of forced objectivity, with
the caveat of taking significantly more resources to score the maps.

Conclusion

The adapted fill-in concept map scoring methods used in this study were found to have
no significant difference in normalized scores across the dataset. This potentially indicates that
the scoring methods assess a similar skill and can be generally used to assess fill-in concept
maps. However, instructors should still consider the context in which these scoring methods are
used to avoid potential flaws in assessment, as these scoring methods are derived from scoring
methods with particular goals in mind. In particular for each adapted method, it should be noted
that the traditional method is the most grounded in prior research relating to fill-in maps, that the
categorical method is best suited to assess complex and highly integrated topics, and that the
holistic method may be more applicable in a range of circumstances. With fill-in maps more



generally, an instructor should either use a scoring method that avoids concept ambiguity, or
construct a primary map in a way that minimizes concept ambiguity.

In conjunction with the quantitative statistical data, the qualitative information from
scorers informs the various differences in the assessment of each scoring method and potential
alterations to the methods to better suit their goal of assessing conceptual understanding from
fill-in concept maps. Each method may have best use circumstances due to their particular
advantages and disadvantages. The traditional method failed to allow for a gradient of
correctness, but was particularly easy to implement; the categorical method introduced a point
reduction for breadth of categorization, but is well suited for assessing highly interconnected
topics; and the holistic method was resource intensive, but may be a more generalizable scoring
method. These findings track with the formulation goals of the unstructured scoring methods [8].

Future work should analyze the ability of the adapted scoring methods to assess
conceptual understanding of a particular topic. This can be done to either the adapted methods
used in this study or to the adapted methods after undergoing the alterations proposed in this
study, those being the removal of the inverse relationship between category inclusion and score
for categorical and a restructured point distribution for the holistic correctness metric. Prior work
analyzing instructional tools in engineering entrepreneurship found that concept mapping is
advantaged in its ability to assess conceptual connections and depth [5]. Other studies, however,
have used concept maps focused on particular topics within a curriculum [10,15,20].
Collectively, these studies demonstrate a broad set of applications for concept maps from
informing on student mindset attributes to guiding focused course redesign. Focused studies like
these can be conducted with these adapted methods to assess the efficacy of the methods in
similar circumstances.

Additionally, a broader set of perspectives in scoring with the various methods should be
considered. This can be done with similar studies analyzing applications of the adapted methods
and the perception of scoring method usage by instructional teams. For example, Martine et al.
used the unstructured traditional and holistic methods to assess student perception of EM, finding
that evaluation method should be selected following consideration of research goals [3]. This
study and others can be similarly used for analysis of the adapted fill-in scoring methods.
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