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Abstract. To improve the academic and professional achievement of
underrepresented minorities in computing, a newfound interest in inno-
vative mentoring practices has captivated STEM education researchers.
Studies suggest that virtual mentoring conversational agents can be lever-
aged across multiple platforms to provide supplemental mentorship, off-
setting the lack of access to in-person mentorship in disadvantaged com-
munities. A within-subjects mixed-method experiment was carried out
to assess the usability of a mentoring conversational agent. Mobile in-
terfaces (Twitter and SMS) were compared to each other and against a
web-based embodied conversational agent (ECA). Results suggest that
mobile interfaces are more usable than the web-based ECA. The findings
from this study help to identify areas for improvement in virtual learning
alternatives and other potential applications for pervasive conversational
interfaces.
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1 Background

1.1 The Need for Underrepresented Minorities in Computing

The substantial demand for projected computing careers [17] reinforces the im-
portance of better preparing underrepresented minorities to qualify for and per-
severe within computing careers. There is a glaring lack of Black and Latinx
representation in graduate and doctoral computing programs [14]. This deficit
can be attributed to an array of socioeconomic and psychosocial circumstances
[39]. One of the significant perpetuations of the deficit is the lack of faculty, staff,
and administrators in computing at the graduate-level to encourage and support
underrepresented minorities. Such a presence would, in turn, develop students’
sense of belonging and self-efficacy [4,35,38,47]. Consequently, the underper-
formance of underrepresented minorities in computing positively correlates with
future underemployment [15].



1.2 Conversational Agents

Many initiatives have been implemented to address the achievement gap. One
method of interest is the use of virtual learning alternatives such as conversa-
tional agents (also referred to as chatbots or virtual agents), which are computer
programs that engage human users in natural language conversations. Conver-
sational agents have been used for decades to facilitate effective communication
with and disseminate crucial information to users in various applications and set-
tings [6, 10, 51]. From a usability perspective, the varying content and intended
user population impact the conversational agent’s visual design and its effective-
ness.

An embodied conversational agent (ECA) is a Web browser interface featur-
ing an anthropomorphic interface agent that can engage with a user in real-time
dialogue by employing different channels of communication such as speech and
gesture, thereby emulating face-to-face human interaction [7]. ECAs have been
implemented as a virtual learning alternative in various disciplines, such as psy-
chosocial support therapy [34,49] and academic advice [3]. Another area where
ECAs have been used involves preparing African American students for graduate
school in computer science [21,22]. However, findings from a study measuring
the effectiveness of an ECA that was designed to serve as a supplemental men-
tor for undergraduate computer science students at a Historically Black College
suggested that the ECA was not an ideal channel when there is a demand for
maximizing and simplifying access [32].

In the United States, 91% of the population owns a smartphone [46]. Mobile
learning has been popularized as a field, focusing on the mobility of the learner,
digitalizing existing analog signals and information, and personalizing instruc-
tion [44, 52]. According to Penfold [46], Mobile learning can be more advanta-
geous than traditional practices due to convenience, flexibility, lack of travel,
lack of space, personalized engagement and interaction, and the instruction dis-
tribution [46].

1.3 The SMS platform

Short message service (SMS), otherwise known as text messaging, is the most
widely used telecommunications service and an integral part of daily communi-
cation [11,44]. There are many advantages (typically medical or health-related)
to SMS being implemented into virtual learning alternatives including: reminder
and appointment capability, common use, remote access, and cost-effectiveness
(as compared to traditional person-to-person advisement) [1, 2, 30, 33, 36,43, 50].
Studies, predominantly medical or health-related, also suggest SMS to be feasi-
ble and appropriate in learning and advisement interventions targeting African
Americans [9, 31, 32, 40, 48]. SMS is particularly active with teenagers and young
adults, producing lingo, abbreviations, and terminology commonly used around
their focal social circles [41].



1.4 The Twitter Platform

Social media platforms can also be leveraged for virtual learning alternatives.
Twitter is a microblogging social networking platform that is suggested to be
effective at establishing connections between students and their desired audi-
ence in a succinct form [16,20]. The highly accessible and interactive platform
contains a timeline of information covering varying topics, self-regulated con-
tent creation, content sharing, and has been suggested to be a viable source
for learning [12]. Additionally, social media allows for private communications
via direct messaging addressivity between users to conduct discussions similar
to face-to-face conversations [28]. Twitter has been suggested to be productive
in teaching and managing research for higher education students with typical
same-day responses. Content searched on Twitter as opposed to other social
media platforms, tends to focus more on activities and captioned photos; many
of the activities are work-related such as conferences, and many of the captioned
photos are inspirational quotes and advisement [42]. Very few studies that have
successfully leveraged Twitter to implement virtual learning have an African
American targeted population [25,53]; however, the Twitter’s notable sociopo-
litical activity performed by African Americans known as Black Twitter suggests
underrepresented minorities are high activity and resourcefulness on the social
media platform [19, 23, 24].

2 Method

Research on virtual learning alternatives for academic and career advisement,
particularly for African Americans in the computer and information sciences is
minimal. An expert conversational agent was developed to provide underrepre-
sented minority undergraduate and graduate computing students with advice on
how to prepare and be successful in graduate school. The conversational agent
ran on three interfaces: a web-based ECA, Twitter, and SMS. The study in-
tended to answer the following research questions:

RQ1: How do underrepresented minorities use the graduate school conversa-
tional agent?

The foundational research question was to determine the behaviors and opin-
ions of using the conversational agent for a short term. The research team will
be able to use the user experience and usability data for future tool development
and improvement. Each interface should have similar responses for the base vir-
tual mentoring system as well as interface-specific behaviors and opinions.

RQ2: How usable are the mobile conversational agent interfaces compared to

the web-based ECA interface?

It is hypothesized that mobile conversational agent interfaces will have better-
perceived usability than the web-based ECA. Users should feel more at ease to



engage with the conversational agent through mobile interfaces than through a
Web browser. As Twitter direct messaging and SMS operate similarly, it was
hypothesized that users would have similar subjective usability for Twitter and

SMS

2.1 Participants

The study was conducted in two settings: 1) a computing conference where the
majority of attendees were African American students, faculty, and professionals
in computing; 2) a historically black college in the southeastern United States.
The target population was African American students who are pursuing either an
undergraduate or graduate degree in computing. Thirty-five African American
students participated in the study in some capacity. All participants used at least
one interface and completed a qualitative user experience assessment about the
conversational agent. T'wenty participants completed the assessments for user
experience and usability for all three interfaces. Random sampling was used
to select from interested volunteers at the computing conference. Convenience
sampling was used at the historically Black college from a computer science
course.

2.2 Conversational Agent Development

Virtual Mentor. The virtual mentoring system (VMS) is a computer software
application developed to engage in natural language conversation with the user.
The VMS is comprised of several components: 1) the content knowledgebase, 2)
a natural language understanding engine, and 3) the user interface. The content
knowledgebase provides the information that the VMS provides to the user based
on the questions. Obtaining the content involved developing questions that users
would want to ask a mentor and formulating answers that mentors would give
based on the questions. The process required identifying “experts” with knowl-
edge of applying to graduate school, funding opportunities for graduate school,
and employment options for post-graduation. The experts identified work as ad-
ministrators, faculty, and professionals in industry. This process is similar to the
one performed in Gosha’s study for developing the first virtual mentoring system
[21]. The experts’ responses were transcribed and developed into a final answer
for each question added to the VMS.

At the core of the VMS, a natural language understanding (NLU) engine
is necessary for the system to engage in natural language conversation with the
user. For the VMS developed, Google’s Dialogflow was chosen as the NLU engine.
Dialogflow, formerly Api.ai, is a natural language platform built using Google’s
machine learning suite and runs on the Google Cloud Platform. Dialogflow can
be used to build text-based and voice-based applications for many platforms and
devices including, but not limited to, websites, smartphones, Google Assistant,
Facebook Messenger, and other devices and platforms. Dialogflow’s applicabil-
ity to a vast number of platforms and devices made it an ideal choice for our



engine. Integrating the expert content into Dialogflow’s engine involve mapping
intended questions from the user utterances/intents to the answers provided by
the experts. When a user asks the VMS a question, Dialogflow will use machine
learning and natural language processing to determine which question best fit
what the user is asking if it is not the same question that is stored in the sys-
tem. After a match is found, the answer is returned to the VMS and displayed
through the user interface (see Fig. 1 for visual representation).

Context
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Fig. 1. VMS dialogue flow

Interfaces. The first virtual mentoring system used a graphical avatar as its
interface; this is called an embodied conversational agent (ECA) [21]. The VMS
designed for the present study also developed a web-based ECA to serve as the
baseline. The ECA was developed using SitePal, a website the enables users to
create Flash-based graphical avatars with the ability to engage in conversations
with users. Once an avatar is created, it can be inserted into any website using
the provided embed code. Using JavaScript code, the Dialogflow engine can be
connected to the ECA. Besides the web-based ECA interface, two additional
interfaces were developed: one for Twitter and one using short message service
(SMS).

The Twitter-based interface uses Twitter’s direct messaging feature to en-
gage users. Integrating Dialogflow into Twitter involves 1) creating a twitter ac-
count to serve as the virtual agent “interface” and 2) connecting it to Dialogflow
through the Twitter Developer Platform. We created a Twitter account to serve
as the user interface. Then we created a Twitter app on the Twitter Developer
Platform. Connecting Dialogflow to the interface involves connecting the engine
to the Twitter app and then connecting the Twitter app to our Twitter account.
For users to engage the VMS via Twitter, the user must send a direct message
to the VMS Twitter account and ask their questions.



The SMS-based interface was developed using Twilio, a cloud-based com-
munications platform that offers APIs for building SMS, voice and messaging
applications. Twilio enables users to obtain a phone number and attach a ser-
vice (messaging, SMS, or voice) to that number. Setting up the SMS interface
involves obtaining a phone number from Twilio, adding the Programmable SMS
Messaging Service to the number, and adding the phone number, account token,
and service ID to Dialogflow. To interact with the SMS interface, users merely

send their question as a text message to the phone number connected to the
VMS.

2.3 Study Procedure

A mixed method approach was used in this repeated measures study to explain
the usability and user experience of a graduate school expert conversational
agent to be used to prepare underrepresented minorities for graduate school
in computing. Selected participants were provided information on how to con-
tact the graduate school expert conversational agent: the SMS phone number,
Twitter username handle, and URL to the ECA interface in a Web browser.
Participants were also provided with the URL link to complete an online survey.
The online survey instrument included a qualitative user experience assessment
and a quantitative usability assessment. To increase participant confidentiality,
each participant was provided with an identification number to use on all three
assessments. The user experience questionnaire asked participants about their
short-term experience using the conversational agent. Six open-ended user expe-
rience questions were assessing prominent user experience themes. These themes
were determined by supporting the user experience themes established by the
Interactive Design Foundation [29] (usefulness, usability, credibility, desirabil-
ity, accessibility, value) and by reviewing user experience literature to further
validate those themes [13,26,27,37]. Alternatively, the accessibility theme was
assessed in a dichotomous yes-no question, along with if participants would rec-
ommend the tool (see Table 1). The final open-ended question was if there were
more appropriate audiences for the tool to be used. The assessment also asked
participants if their reaction changed their reaction from before using the con-
versational agent. The System Usability Scale (SUS) was another part of the
online survey assessment [8]. The SUS is a 10-item questionnaire that utilizes
5-point Likert scales from strongly disagree to strongly agree. Participants were
not given a time restriction nor a question limit for interacting with the system.
Participants were instructed to use all three interfaces one at a time, completing
the online survey immediately after they were finished using an interface. Study
participants were given compensation through online gift card after completing
the study.

2.4 Data Analysis

Qualitative open-ended responses were analyzed through a hybrid deductive-
inductive content analysis approach [18]. The research team developed a coding



guide following the user experience themes [29] including expectation/reaction
change and recommended audience (see Table 2). Four researchers coded the re-
sponses based on user experience literature; results were compared and modified
excluding the theme of findability for the nature of this investigation. Data from
the assessment was summarized, and themes were determined, contextualized,
and synthesized. Quantitative user experience data was observed with simple
descriptives (see Table 3).

A repeated-measure multilevel linear model was used to compare mobile
(Twitter and SMS) interface usability to the usability of the web-based ECA.
A multilevel linear model provides a number of affordances over a repeated-
measures ANOVA including 1) avoiding any assumption of independence, ho-
mogeneity, and sphericity, 2) being able to use more than a two-level hierarchy
and 3) able to work with missing data.

Table 1. Descriptive User Experience Responses

Code Twitter SMS ECA

yes no yes no yes no
Recommend tool?|70% (14)|30%(6)|70%(14)|30%(6)| 40%(8) |60%(12)
Accessible tool? | 80%(16) |20%(4)[95%(19)] 5%(1) |85%(17)| 15%(3)
Note. Two user experience questions were dichotomous (yes or no).

This table shows the percent of participants (number of participants)
who selected yes and no per interface.

3 Results

3.1 User Experience and Usability

Demographics. There were a total of 20 participants that used all three inter-
faces. From the pool of participants, 50% (10) identified as Ph.D. students, 20%
as Ph.D. candidates, 15% as other (postdoctoral or faculty), 10% as undergrad-
uate seniors, and 5% as undergraduate juniors. When asked if they have ever
used or interacted with a conversational agent prior to the study, 95% (19) of
the participants answered ‘Yes’. Prior to the study, they were asked about the
likelihood of using a system for learning about applying to graduate comput-
ing programs and careers in computing. Forty-five (45) percent indicated either
likely or very likely while 35% indicated somewhat likely. After interacting with
the conversational agent, 14 (70%) participants for SMS, 14 (70%) participants
for Twitter, and 8 (40%) participants for the web-based ECA agreed that they
would recommend the conversational agent to someone. For SMS, 19 (95%) par-
ticipants agreed that they felt the conversational agent is easily accessible to
everyone, compared to 17 (85%) for ECA and 16 (80%) for Twitter.



Table 2. User Experience Descriptions

Code Definition

Useful The conversational agent has a purpose and meaning allowing one to accomplish a task using
the tool

Usable The conversational agent is effective and efficient at achieving its objective

The content provided by conversational agent is trustworthy, accurate, well-intentioned, and

Credible will remain so for a reasonable amount of time

Desirable The (?onversational agent has an attractive aesthetic and its content reflects a positive brand
identity

Valuable The conversational agent and its content is worth a great deal and could provide solutions to

challenging and expensive problems

After using the conversational agent, I had a satisfying reaction different than what i had
expected prior to using the agent

Recommended audience|The conversational agent and its content would benefit a population

Expectation

Usability. The SUS has 10 usability items. The evaluation yielded a composite
measure of the overall usability of each conversational agent. The maximum score
for conversational agent usability is 100. Twitter conversational agent usability
scores ranged from 47.5 to 100 with the median being 68.75. SMS conversational
agent usability scores ranged from 17.5 to 100 with the median being 73.75. ECA
usability scores ranged from 27.5 to 97.5 with the median being 60.

User Experience. Short responses were collected from six open-ended user
experience questions from six user experience codes. The results of the hybrid
thematic analysis are listed in Table 3 with themes for each code. In each inter-
face, participants indicated that the conversational agent is useful for helping to
make decisions about pursuing graduate studies and applying to graduate school.
Participants reported that they could use the conversational agent “to get an-
other perspective and/or idea about what [they] should do to approach a task
or objective”. The conversational agent serves particularly useful “as a starting
point to begin searching for more answers. If you didn’t know anything, this at
least gives you a place to start. It mentions various resources to find specific in-
formation”. There were a few variations in usefulness per interface. Participants
specifically found “linking to URLs via the SMS” useful as well as “fliking] SMS
because I can go back and review at a later date”. One participant expressed that
they believed the Twitter conversational agent “would help students use social
media as a way to not only stay connected but to obtain advice”.

All participants found each interface to be easy to understand and use. There
were few errors. One participant reported that “there was a little bit of an issue
for me to start using the chatbot as I was not clear on the type of questions I
should be asking, but once I got the hang of it, it got much easier to use”. One
participant “found [Twitter] more usable compared to the other two (SMS and
text). I believe the platform flowed better because I was used to seeing such re-
sponses via twitter”. Another participant noted that “the advice was spotty, the
bot would sometimes answer the question completely wrong”. One participant
said that “the voice of the [ECA] was creepy”. In all three interfaces, the vast
majority of the participants indicated that they found the conversational agent



to be an accessible tool.

For credibility, participants believed the systems’ “answers seemed legit”.
“The mentor seemed authentic because there were detailed explanations of the
words I typed into the messaging system.” The feedback also included “no spelling
errors, [and] professional dialogue”. Twitter users believed the advice to be even
more credible because the account profile picture: “photo of an actual person
made the advice seem more credible. Not having an artificial voice or visage
made it seem like I was chatting with a real person”. SMS did not feature a pro-
file photo, leaving participants to express that “the missing face/embodiment in
the other two interfaces makes me trust this one a little less”; “I don’t know who
was texting me, so that left me questioning the information.” ECA credibility
responses varied. One participant explained “the mentor was an older woman
who appeared very professional, giving a credible presentation. She also seemed
relatable to me, being a woman of color”. Another believed “the mentor did seem
credible [however] the page itself may need a little more embellishment to make
me feel stronger about this”.

Although believing the ECA was valuable was the most frequent response,
there was no clear saturation of value for ECAs. Themes ranged from very valu-
able to not valuable. The conversational agent ranged in value from “Fh”, “Not
much” to “very valuable” with the majority believing the conversational agent
to be valuable. Some of the poorer rationales included that the system was “per-
sonally not for me perhaps for someone who is inquiring about what to do...I
wanted immediate answers and the virtual mentors didn’t provide me with such.
After receiving the response, I was kinda unsatisfied because it was a chunk of
text, it wasn’t too personal which I needed”. There were a decent amount of
participants who believed the content was too generic for a mentoring system:
“It was good gemeric advice. It’d be great if it were personalized but I realize this
was our first encounter. It was almost like a Google search”. Another participant
commented on the conversational flow: “The advice seemed genuine but the con-
versation didn’t flow”. Most would agree that “it was good for the initial steps”.

All three interfaces met the expectations of the participants during their in-
teraction. When asked about how their reaction to the tool changed after inter-
acting with each interface. One participant admitted that “my reaction slightly
softened, but I still prefer human interaction”. Another participant said “my
initial reaction was of confusion but afterwards once the interface became more
clear, it was easier to get”. Participants’ experiences ranged from no change to
positive for the Twitter interface. A Twitter user expressed that “I was appre-
hensive, especially, to the twitter platform. but a LOT of students use twitter
and this very quick interaction might just hit the mark”. “I like the DM interac-
tion. It feels a little more private and personal.” Very few participants’ reactions
changed for the SMS interface. One participant believed that “I was hesitant
about this one, but it was okay. I think i may prefer the other two over this one



as the pictures helped to feel like i was ‘talking’ to a ‘person’ and “It takes time
to type on the phone, but useful for mobile and travel” while others claim to
have “liked the SMS best”, “I would consider it. It was the simplest version to
use”, and “Stayed the same, this was probably the one I felt most comfortable
with”. ECA reactions ranged most greatly, being either no change, a generally
positive change, or being rather surprised. One participant mentioned how “it
was faster for me to read what she was saying than wait to hear from her, which
in my mind makes [the ECA] unnecessary.” Whereas another participant said
“At first, I was apprehensive to the thought of a virtual mentor, but after inter-
acting with it, I think it was pretty cool”.

For the all interfaces, the conversational agent was recommended for novices
in the field such as high school students, school counselors, undergraduates, fam-
ily members of computer scientists, and anyone looking to get into computing.
The Twitter platform is recommended for active Twitter users and SMS inter-
faces, Most of the participants indicated that they would recommend the con-
versational agent to others in the Twitter and SMS interface. Most participants
indicated that they would not recommend the ECA. Some recommendations for
the ECA included fixing the slow-pace and freezing face glitch, considering a
voice change option, making the speak button have an indicator to show it is
working, ensuring the speak option does not cut off mid-sentence and to allow
the ECA on a mobile platform.

3.2 Multilevel Linear Model for Interface Usability

We hypothesized that using either mobile interfaces (SMS or Twitter) would
result in higher perceived usability than using the web-based ECA. It was also
hypothesized that the SMS interface would result in similar usability scores as
the Twitter interface. Fig. 2 shows a bar chart of the means and 95% confidence
interval of the SUS scores for each interface. From the chart, the SMS and Twit-
ter interfaces have a significantly higher mean score than the ECA interface.
This may indicate that participants favor using both of the mobile interfaces as
compared to the ECA.

Figure 3 shows boxplots for the SUS scores of each interface. The median
for SMS is the highest of the three; however, both SMS and Twitter have fairly
extended boxes, suggesting the middle 50% of scores are variable. Additionally,
the median score for the ECA is closer to the lower quartile (Q1), leading us
to believe that the lower half of participant scores have less variation than the
upper half. The long lower whiskers of both ECA and SMS interfaces indicate
views in the lower 25% quartile range are variable while the short upper and
lower whiskers for Twitter show that scores among participants at both ends of
the quartile range are less variable.

We tested our hypotheses using a repeated-measures multilevel linear model.
The usability scores were dependent of the interfaces. To execute the multilevel



Table 3. Qualitative User Experience Responses

UX Codes Twitter Themes SMS Themes ECA Themes
Tool saved advice when needed
Useful in applying to grad To make grad school decisions
To deal with specific questions school To ask beginner questions
Useful To make grad school decisions To obtain helpful resources To create a schedule/plan
To ask beginner questions Get quick answers To asked questions a user feels
To ask about funding ashamed of
opportunities
Tool was understandable
Tool was easily understandable Tool was simple to use Tool was easily understandable
Usable Tool features were limited Needed instructions Tool was simple to use
Tool did not understand question Tool did not converse well Tool had errors
Tool did not understand question
Tool used professional language
(punctuation, grammar)
Tool gave predictable, yet
Profile picture felt real credible answers Tool gave predictable, yet
Credible Tool not credible Tool not credible credible answers
Tool gave predictable, yet credible answers|Information felt believable Tool felt authentic
Ethnicity of profile felt authentic Tool felt authentic Tool not credible
Tool did not feel authentic
Tool provided supporting
resources
Tool met expectations
Tool sonabl h |Tool me tati
Tool met expectations 00 was‘not personjlb e enough ‘ool met expeqtfxtlons
. . Information was desirable Tool was repetitive
Desirable Tool desirable . -
Tool was not personable enough Tool not desirable Tool was not personable enough
h p o € Tool was repetitive Tool not desirable
Tool was ok
Tool was valuable Tool was valuable Tool was valuable
Valuable Tool somewhat valuable Tool somewhat valuable Tool not valuable
Tool not valuable Tool not valuable Tool somewhat valuable
Little to no change P,()Sltlve change
L. Lo Little to no change
Positive change Faster than anticipated Positively surprised by virtual
Expectation |Little to no change More comfortable than hu;nan ¥ Surpris Y
Negative change anticipated . . .
e Negatively surprised by virtual
Negative change
human
P%'éspectlve graduate students High school students High school students
High school students .
Twitter users Prospective graduate students Undergraduate students
Recommended|Undergraduate student Computing novices Computlflg novices
5 . . Undergraduate students Prospective graduate students
Audience Computing novices

School counselors
Family members of computer
scientists

School counselors
Family members of computer
scientists

School counselors
Family members of computer
scientists

linear model, we created two linear models: one as the baseline with perceived
usability as the outcome variable and a random intercept denoting the absence
of the interface variable; another one with the interface variable added to the
model. This is to show if adding the interface variable has a significant overall
effect. To assess if the interface-added model was a significant improvement of fit
over the baseline, we observe the likelihood ratio and its corresponding p-value.
The different interfaces were the independent variable and dependent variable is
the perceived usability. From our tests, we can conclude that the type of interface
had a significant effect on the perceived usability of the virtual mentor, x?(2)
= 8.46, p=.015. While our test proved that the type of interface used affects
usability, it did not tell us which interfaces had an effect.
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Fig. 2. Bar chart of means of usability scores by each interface

Hence, we additionally ran planned orthogonal contrasts to ascertain the
direction of the effect on usability. Two contrasts were created in order to test
our hypotheses: web vs. mobile and SMS vs. Twitter. Planned contrasts revealed
that percieved usability was significantly higher for mobile interfaces than for
web-based ECA (b = 6.19, t(38)= 2.74, pone—taileda = -005) and there was no
significant difference between SMS and Twitter (b = 3.13, t(38) = 1.2, pone—tailed
= .238). Therefore, we accept our hypothesis that using mobile interfaces will
result in higher perceived usability than using a web-based ECA and that there
is no significant difference between SMS and Twitter-based interfaces.

4 Discussion

4.1 Usability

It is important to note that the short-form System Usability Scale only measures
the individual experience of users as an entirety. Thus individual item results
of the usability scale will not be implied. According to Bangor, Kortum, Miller
[5], the SMS median usability score of 73.75, Twitter median usability score of
68.75, and ECA median usability score of 60 were all good scores, with SMS be-
ing low-range excellent. Good scores identify the conversational agent is a usable



100-

75-

usability

50-

SMS (text) based  Twitter-based  Web-based ECA
interface

Fig. 3. Boxplots of usability scores for each interface

virtual mentoring system with minor defects.

The conversational agents also presented the information in a simple, easily
understandable manner, with responses that can remain saved in the dialogue
flow between the user and the conversational agent. This allows the user to re-
turn to the response when dealing with the context of their questions rather
than having to ask an advisor every time the context of their questions arises.

The results suggest mobile (SMS and Twitter) interfaces are more usable
than the web-based ECA [1, 30, 32]. After analyzing user experience data, some
additional features that may have contributed to the lower results include the
ECA’s face freezing or having a delay, the voice recognition cutting off at the
tail end of a user’s voice input, and formatting preferences of the website. The
ECA also needed an indicator to show that the ECA is listening when the users
hit the speak button, whereas SMS provides clear delivery and speech notifica-
tion [30]. The web-based product also has less accessibility than mobile sources
due to its lack of mobile compatibility. SMS had higher usability scores than
Twitter. This may be attributed to Twitter requiring users to have a Twitter



account and internet access. These data support the participants’ preferences in
recommending the conversational agent on mobile interfaces.

4.2 User Experience

Usefulness and Usability. The graduate school preparatory conversational
agent could be used to make graduate school decisions. The conversational agent
for Twitter direct messages was useful at work/school-related activities and ad-
visement [42]. The feature of having advisement saved in SMS dialogue for re-
mote access was also suggested be useful [1,30]. There were common themes for
recommendations to improve the usefulness and usability of the tool. There is
a need to clarify the instructions of usage. There were participants that were
confused at what questions to ask. The tool should be better integrated with
mentoring interventions and scenarios to better assist a user’s understanding of
the types of questions to ask the conversational agent. On Twitter, the conversa-
tional agent currently only runs through direct message, however a user reported
“I initially tried tweeting the @”. Therefore, interface-specific instructions need
to be provided to users. Conversational theory can be applied to better improve
the flow of conversations. For instance “ being able to follow up on responses
the bot just provided without rewriting the entire question.” is essential for
a healthy conversation. Furthermore, greeting, ebonics, and abbreviations are
necessary for the conversational agent to understand, particularly with mobile
interfaces. Participants reported “allow for abbreviations. People tend to abbre-
viate when texting” and “because it’s through text messaging I would want to
greet the mentor before engaging in a conversation. Would the system under-
stand ebonics?”. The ability to link resources on all interfaces can be very useful
in communicating information that is length or very detailed.

Expectation. Prospective participation in virtual graduate school mentorship
for minorities in computing is broad, as most everyone used conversational agents
previously and 80% were at least somewhat likely to use an underrepresented
minority-computing graduate school preparation conversational agent. The con-
versational agents were what many of the participants expected as active users
of Twitter and SMS [11,24]. Users of all interfaces generally had a low-level
positive change of their feelings towards the tool from before using the tool and
after using the tool: “I wouldn’t mind interacting with a mentor via twitter since
I already use the platform”. There was a significant number of participants who
were surprised by the ECA. Though the tool met their expectations, they still
were not used to interacting with an ECA. Some participants had a positive
reaction and found the moving ECA to be memorable or notable, while one
participant found it to be “freaky”. These responses have many implications on
how the ECA can be tweaked, particularly in ensuring the ECA is as personable.
Personability should compliment users’ comfort of seeing a character rather than
just text. The image of the ECA may need to be reworked to eliminate some
uncanniness.



Credibility Credibility also varied between the interfaces. Twitter users felt
the profile of an African American computer science professor made it feel like
they were speaking to someone rather than a conversational agent, supporting
the value of personability [44,52] and the importance of having an advisor for
underrepresented minorities be of their same ethnicity [14, 39]. While using SMS,
participants believed the professional language the conversational agent used
made the conversational agent seem more credible, supporting the informal use
of texting [41].

Value. The conversational agents were generally valuable to users. As many
of the participants were Ph.D. students or candidates, the valuability may have
been limited, as many participants agreed the conversational agents at its cur-
rent potential is more valuable to high school students, undergraduate students,
or prospective graduate students. Participants pointed out that they were al-
ready familiar with the responses to many of their questions making the system
credible, notably for SMS and ECA, and applicable for all interfaces. This is
another supportive finding that the content needs to be more relevant to gradu-
ate students and is currently more support. It is necessary to make the content
more in-depth, less generic, and more personalized in order to reflect a mentoring
relationship.

Other Implications. Other themes varied. A few participants wished the con-
versational agents would be more personable, an implication that would support
the notion that graduate school preparation needs both expert knowledge and
responsive mentoring [21,44, 52]. This is especially apparent due to the under-
represented minority target demographic [9,21]. Other participants mentioned
how terminology and abbreviations should be better utilized within the system’s
knowledgebase. Other comments include usability issues and suggestions for im-
provement such as the conversational agent’s response if it doesn’t understand
the user and allowing for the user to greet the conversational agent. Though
many factors show SMS and Twitter to be more usable and have preferred user
experiences, it is unclear why there is such a significant variance in the prospec-
tive recommendation in mobile tools and the web-based ECA.

4.3 Limitations

The research study featured a small sample size. For a simple usability assess-
ment, the sample size is sufficient [45]. However, the comparative statistical
analysis requires more population normality for validity. As the SUS and the
qualitative user experience data are sound, caution should be used in observing
the statistical analysis data. Data were collected from 35 participants and was
used in the usability and user experience results. All 35 participants identified
as Black/African American. Only 20 participants were used in the comparative
analysis, including the demographic questions. This participant disparity was



due to the lack of interacting and completing the assessment for all three inter-
faces.

User experience questions were developed from the Interactive Design Foun-
dation’s [29] seven factors that influence user experience: valuability, accessibil-
ity, desirability, usefulness, usability, findability, and credibility. As participants
were not required to find the conversational agents on their own, the findability
factor was omitted from the assessment. Survey items rating the accessibility of
the tool and there recommended audience were asked explicitly asked and not a
part of a validated scale. No analysis for these two factors was performed.

5 Conclusion

Mobile interfaces are a viable direction in improving the quality of mentoring
conversational agents. The conversational agent has many areas where improve-
ment could be realized, yet showed promising results for future implementation.
In the near future, more in-depth conversational theory will be applied to the
conversational agent to improve conversational flow. Mentoring attributes, par-
ticularly those in psychosocial areas that are critical to African Americans who
are pursuing computing, will be included to the virtual mentoring system to
provide a more thorough and reliable supplement for traditional mentorship.
There will be additional scrutiny in the content development process to ensure
potential users have the best insightful responses to their questions and concerns
with pursuing graduate studies in computing. Other fields can use these findings
to aid their virtual learning alternatives in their respective disciplines.
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