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Abstract

Most of the prior descriptions of the importanat@nships in Intelligent Tutoring System
(ITS) projects have focused on the relationshipslired in their use in classrooms,
treating their presence in the classroom as a gikere has been some discussion of how
intelligent tutors are developed [13] and of howlatelligent Tutor, once developed, can
be disseminated widely [5], but there has been iderably less discussion of the
deployment of prototype ITSs. In this paper, wesprg a model of the relationships
involved in deploying a prototype intelligent tutgy system in order to conduct formative
evaluation. We show that field technical personplely a pivotal role in this process,
serving as vital conduits for information and négidn between ITS researchers and
school personnel such as teachers and principdis model was developed using
Contextual Inquiries [4] and interviews of projes¢mbers.
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1. Introduction

1.1 Overview

In recent years, Intelligent Tutoring Systems (T&sve emerged from the research
laboratory and pilot research classrooms into widesd use [5]. Before one of our
laboratory’s ITSs reaches a point where it is reémtylarge-scale distribution, it goes
through multiple cycles of iterative development research classrooms. This process
requires a great deal of collaboration and coofmeratcross several years from individuals
at partner schools, from principals and assistapesntendents, to teachers, to school
technical staff. In the first stage of tutor deyeteent, this process is supported by a teacher
who both teaches the tutor class and participatessi design. In a second stage, the
tutoring curriculum is deployed from the teachesigeer’'s classroom to further research
classrooms, and refined based on feedback andfdatathose classrooms. Finally, a
polished tutoring curriculum is disseminated inl@obration with our commercial partner,
Carnegie Learning Inc.

In this paper, we discuss how the second stageioprocess — the deployment of
prototype ITSs to research classrooms -- is fatdd by the creation of working and social
relationships between school personnel and pragattnical personnel. Specifically, we
present a case study on a member of our resedratatary whose job is, at least in theory,
primarily technical in nature. It would not be axaggeration to say that this individual’s
efforts have been indispensable to the PittsburglvaAced Cognitive Tutor (PACT)
Center’s successful deployment of recent ITS resetr middle schools and high schools
(such as [1,2,6,9]).

We will discuss how this individual facilitates tHanks between our research
laboratory and the schools we work with. We willistrate her working relationships with
teachers and support personnel at the schools, hendstrategies for making these
relationships function more effectively. Our fings1suggest that even in an educational
project built around technology, the human relatfops supporting that technology are
essential to the project’s success. Understandivg $uch relationships can be built and
maintained will be useful to the conception andugedf new large-scale educational
technology projects, and will also be useful toeleging training materials for individuals
working as liaisons or technical support staff du@ational technology research projects.

1.2 Rose

In this paper, we present a case study of Rasaesearch assistant working with our
project. Seven years ago, while still a college argthduate, Rose began working as a
research assistant for an educational researcleqgiro) the Psychology Department at
Carnegie Mellon University. After she graduatedurfoyears ago, she took a job as a
research assistant with our laboratory, the Pittgbéddvanced Cognitive Tutoring (PACT)
Center. Rose’s position was initially primarily kexdcal — her job description included
activities such as writing tutor problems, testintpr software, installing tutor software on
school machines, developing immediate workaroudséigs, collaborating with school
technical staff in order to get software installeallecting tutor log files, and administering

Y In order to protect confidentiality, pseudonyme ased for all individuals described in this paper.



tests to students. The beginning of Rose’s work wiir laboratory coincided exactly with
the first year of development of a new Intelliganitor curriculum for Middle School
Mathematics. During this first year, Rose workedatlaboration with two other research
assistants, supporting four school sites. Overirttegvening years, the other two research
assistants left our laboratory (both going to geddischool at other universities). Last year,
as our project moved into the deployment stageeRuoEilled these roles at six school
sites, as the sole individual in our laboratoryndoso.

1.3 Methods

To develop an understanding of Rose’s work prasticstrategies, and important
collaborative relationships, we conducted a saetbspective contextual inquiries [4] on
Rose. Contextual Inquiry (Cl) is an interview methahich differs substantially from
traditional interview. Whereas in traditional intEws, the interviewer drives the
interaction, asking often pre-determined questiomsa Contextual Inquiry the interview
participant leads the interviewer through the psscef completing a genuine task — the
participant adopts the roles of a master teachingpgrentice (the interviewer). During the
Cl, the interviewer/participant pair alternate be&n working on the task and discussing
interpretations of the participant’s actions aneirtimeaning within the participant’s overall
goal structure. By contrast to traditional intewvée which can occur in any setting, a
contextual inquiry occurs in the participant’'s adtuvork context. In context, the
participant’s work process is most genuine, theammry best primed, and they have ready-
at-hand access to artifacts which help explairr th@icess.

Although it is preferable to conduct a contextum)uiry during the performance of
the actual task, this is not possible in situatiovisere the task is distributed over a
substantial length of time. Since Rose’s interadiwith school personnel have taken place
over the last four years, and relationships withcefc teachers have lasted as long as three
years, it was not possible to directly observe ¢éméire course of these relationships.
Accordingly, we conducted a retrospective contdxtuguiry on Rose. Before the
interviews, we asked Rose to collect the last sdvaponths of her history of emails with a
specific set of teachers and school personnel.nfutie interview, she used these emails to
lead us through her process of interaction withhezder collaborators.

After interviewing Rose, we conducted further intews with researchers in our
project, and with researchers and technical staffother projects who support the
deployment of ITSs into schools. Rose was able eip lus compare and contrast the
findings from these interviews with her process.

2. The Relationships in Intelligent Tutor Projects

One of the keys to Rose’s effectiveness is theraemle she plays in the collaboration
between our laboratory and the schools we work.Jvitlorder to discuss this, we will first
briefly outline some prior models of the importaofes in intelligent tutor projects, and the
relationships between those roles. We will advanoew model of the important roles and
relationships in intelligent tutor projects, andaliss how Rose and other individuals have
filled these roles. Our model builds upon priordels of the important roles in intelligent
tutor projects, extending them to incorporate tleationships which facilitate the
deployment of tutors into research classrooms. Als previous models, our model is not
exhaustive — outside of the deployment stage déstu$ere, other stakeholders, such as
parents and school district administrators, likdly a considerable role.
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Figure 1: The relationships in Intelligent Tutoring Projects, discussed by Wenger.

One early discussion of the important roles in liigent tutor projects appears in
Wenger'sAtrtificial Intelligence and Intelligent Tutoring Stems[14]. Wenger suggested
that the central function of an Intelligent Tut@iSystem (ITS) is to serve as a conduit for
the communication of knowledge between the tutor&ator(s) and the student. In large
ITS projects, tutors are often created throughlklooration between designers/researchers
and programmers. Based on Wenger's conception, séisof relationships could be
modeled as shown in Figure 1.

Schofield suggested that ITSs also shape the gtienabetween the student and their
teacher [11]. By observing students using the tatat following the tutor’'s assessment of
the students, teachers learn which students neethdist help and exactly what steps the
students are having the most trouble with. The hegs role in an intelligent tutor
classroom is essential; they deliver the concephstfuction which the ITS builds upon,
and provide one-on-one tutoring to the students whed it most. Such a model of the
teacher’s role is shown in Figure 2.

Designer/
Researcher [~ — — — — — — — — Teacher
Programmer TS [ | student

Figure 2: Schofield notes that teachers play a kaple in classrooms with Intelligent Tutoring Systens.



But teachers have frequently played an even mgréfgiant role than this in the PACT
Center’s development of intelligent tutor softwar¢hile students are the users of the ITSs
we develop, in a very real sense teachers and lschm our clients. Our tutors must fill a
need in the teachers’ classrooms and support thensiructing students more effectively.
Since tutors must be used in real classroomssibkan highly valuable to collaborate with
skilled teachers who possess visceral and immediaderstanding of how learning occurs
“in the field”. Thus, going back to our earliesbjacts developing intelligent tutors for high
school mathematics classrooms, our laboratory inasvied teachers as full collaborators
in the process of designing our tutoring systenjsifbaccordance with the philosophy of
Participatory Design [7]. Such teachers developring curricula with us half-time, and
continue to teach classes at their school the didiéof the time?

The model in Figure 2 could conceivably accommodaiteadditional role, by treating
such a teacher as a designer/researcher who “happdre a teacher too”. Many of the
teachers who have worked with our project durirgfitst stage of development of a new
tutoring curriculum have fulfilled exactly this sl One teacher fulfilled both this role and
another role, which will be discussed later in fhaper.

Beyond this, one limitation of the model in Fig@rés that it does not take into account
the issue of how ITSs are actually deployed anegiistted into classrooms. Placing a tutor
curriculum in a classroom requires authorizatiamfrschool officials, persuading teachers
to cooperate in the face of significant inconveneearly versions of software often have
error-producing bugs), installing the ITS on schmalchines, and making sure it works.

One model of how deployment takes place is thaicjpals work with teachers and
loosely communicate with researchers to discussITi®e and that installers and field
technical staff from the research lab work closeith school technical support to install
the software. In this view, shown in Figure 3, thain job of a research assistant working
as a technical liaison would be to take the so#waritten by the programmers, and work
with the school technical support to install it ayet it working on the school machines.

Designer/ orincial
Researcher [ — — — — — — — ——| Frincpa
s
/
Technical Tech
Liaison | | Support —{ Teacher
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N\

Programmer ITS | _| Student

Figure 3: A common-sense model of a technical liaig’s role in an intelligent tutor project.

2 During our participatory design process, the tessrentire salary is paid for by the PACT Center,
providing a compensating benefit to the schooridist



A discussion with the director of another intelligéutor project confirmed that the
model in Figure 3 corresponds to his interpretatibwhat role technical research assistants
fill. Additionally, this model corresponds to thetof potential project-school relationships
found in Steuck et al's model [13] of the factorkieh influence the implementation of
educational technology. However, one importanted#hce between this model and Steuck
et al's model is that Steuck et al's model doesdistinguish between different types of
research project staff.

In practice, however, Rose’s role has been qufferdnt than the role shown in
Figure 3. Instead of primarily acting as a liai$@tween the project’s programmers and the
school’s technical staff, she has primarily acted diaison between the project’s designers
and the school’s teachers. By filling this alteenadle, shown in Figure 4, Rose is not only
more effective at installing and maintaining ouftware at the schools, but has also been
able to support our project in many other wayghinfollowing section, we will discuss
Rose’s strategies in more detail, as well as timwdpnities they have created for our
project.

3. The Technical Liaison, as The Liaison

During the PACT Center’s relatively long historyd#ploying prototype intelligent
tutoring software to schools (now over two decades) project has often relied upon a
liaison to coordinate our collaboration with teash@nd schools. Rose has been an
especially effective liaison, though not the onigtty effective liaison we have had. Her
relationship with our collaborating teachers hasnbagn extremely valuable link between
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Figure 4: A diagram of the current roles in the PACT Center, based upon our contextual inquiry.



the PACT lab and the schools in recent years. Tgirdher relationship with the teachers,
Rose has been a key conduit for essential infoonabetween the schools and our lab,
helping to keep the relationship between the twganizations smooth and mutually
beneficial. Through her close working relationshipth both researchers and teachers, she
has facilitated negotiations about new studiesaasisted in scheduling those studies. The
PACT lab has several researchers, at both the gradtudent and faculty levels, who each
has one or more projects within the broader middlgool mathematics curriculum design
effort. Rose has played a important role in negotipagreements for new projects:
explaining the projects, finding out what consttsithe researchers should know about,
negotiating, and ferrying official letters of agneent back and forth. As the middle school
tutoring project has matured, such negotiationseHaecome an increasingly large part of
Rose’s job.

Her “main” role as a technical liaison facilitatéss in several ways. Perhaps the
most important way is that she is able to gainatieantages of proximity to teachers in
ways that other members of the PACT lab cannot.

Collaboration between two individuals is greatlgrmased simply by having the
two individuals come into regular contact [12]. Rosaturally encounter teachers
frequently, because she is frequently physicalgsent at the schools. When Rose is at a
school, there are many opportunities to brieflyadpwith a teacher between (or during)
classes. As Rose explained during our ClI, theseersations can often be used to propose
ideas, make requests, and learn about concerns, Ruse often serves as an informal
conduit for communication and negotiation between project and the schools. These
conversations of opportunity can provide the sgtfor conducting a considerable amount
of important business, in a way that is casual@mdfortable for both Rose and the teacher
— Rose notes that they can also be a very effeatayeto communicate with teachers who
are not easily reached by phone or email. This&oirtformal contact has been identified
by organizational researchers as a crucial elemehe coordination between teams [10].

By contrast, there are few circumstances when inhasmal for other project
researchers to be at a school. There is no offigakon for PACT lab researchers or
programmers to be in the school, except specificedd meet with teachers and/or
administrators, or in some cases to observe stsidenmtking with the software (as in [3]).
Both of these types of events must be scheduiest. showing up, without announcement,
to meet with a teacher or principal would be rudw gresumptuous behavior for a
researcher.

It can be quite difficult to meet with a busy indival such as a teacher or principal
without the advantages of proximity. For exampl&rég”, a graduate student in our
laboratory, spent almost an entire month attemptingchedule a meeting with a principal
at one school. By contrast, when Greg was at theaddo conduct observations, he was
able to meet with the principal without any notidée did so by sitting outside the
principal’s office for just over an hour, betwedasses, until the principal had five minutes
to speak with him. Showing up, without an excusesit outside the principal’s office for
an entire hour would have been impolite, and likelyuld have negatively affected his
request. However, since Greg was “already at thedt the principal’s administrative
assistant was willing to let the Greg wait outside principal’s office until the principal
had five minutes.

Rose’s presence in schools also allows informatanformally travel in the
opposite direction -- from teachers and schoolgersl to the PACT Center’s
programmers and researchers. Teachers often deal@omfortable telling lab researchers
that a tutor lesson is difficult for students taarstand or has a number of bugs — Rose
reports that the teachers feel much more comfatskaking about these issues to her,



because she did not write the software or the teSbtence, she is able both to
commiserate with the teachers about the problent@bdng the information back to the
appropriate person in the PACT lab, in order taHie problem.

In addition to proximity, Rose’s relationship witte teachers is facilitated by the
very nature of her technical role. Her technicalwledge and frequent presence in the
school are directly helpful to teachers. New tlgssons frequently have bugs, and
depending on their severity, these bugs can basiderable disruption to class. Rose is
often present during the first class a new lessarséd, and she is sometimes able to
propose workarounds within minutes of a bug’s diseg. This minimizes the cost to
teachers of participating in a curriculum whiclstisl under active development; Rose
attributes a considerable amount of the currenperation she receives from teachers to
the technical assistance she was able to offéreimiddle school tutor project’s first year.

On the whole, Rose has closer links to the teadharsany other individual on our
project. As evidence of this, her frequent intaoa with teachers have led to her
becoming friends with several teachers, and saaigliwith them outside of school.
Having an individual such as Rose frequently presethe schools as our project’s
representative helps us successfully deploy oorgunto schools, and helps us make
teachers feel valued as an essential part of geareh project.

4. Working With School Technical Support Staff: Chdlenges and Strategies

In the model shown in Figure 3 (the common-senseeainaf the relationships that are
essential to deploying an intelligent tutor projetite relationship between the installer and
the school technical support staff (the “techs’gastral; in the model of actual practice in
figure 4, this relationship is much weaker. Thiedence corresponds to the relative
frequency of Rose’s interactions with these graefpadividuals; as we jointly examined
her email, it became clear that she exchanges @thithe techs and meets with the techs
far less frequently than she emails and meetste#bhers. Despite the comparative
looseness of her relationship with the techs, Rasebeen successful at installing software
at schools in a timely fashion. We do not recalirgle instance where a study was delayed
because of installation delays, in the four yehestsas worked for our project.

The relative looseness of the relationship betwese and the techs is explainable
in part by the techs’ job priorities. The techsmid place particularly strong priority on
having the tutor software installed and workinggedy. They have many responsibilities.
Each of the techs we work with are responsiblegbminimum, supporting all of the
computers and software used in an entire schaud irasome cases, multiple schools. The
tutor classes are only a small part of their resfimlities. Additionally, since the tutor
software is supplied and supported by the PACT &etitere is simultaneously
comparatively little reward for the techs if theéawsoftware is working properly, and a
natural and credible scapegoat (the PACT Centeogrammers) if it is working poorly.

By contrast, the teachers use the cognitive tuifiware regularly. If the software
fails to work, it is very disruptive to their class Similarly, school principals like the
prestige of having experimental (but highly accladhintelligent tutoring software used in
their schools, and have an interest in the softwawgccess. Hence, the teachers and
principals have strong interest in Rose succeediggtting the software working on the
school machines, and Rose is able to leveragestaianship with teachers and
administrators to get assistance from the lesssadile techs. For instance, in school
district “X”, where a teacher has a close workiatationship with a tech, Rose cc’s that

% Greg corroborates this, noting that, in his preseteachers are far more willing to criticize tuessons he
did not write than tutor lessons he wrote.



teacher on a considerable amount of her email conii¢h the tech, because she believes
that if the tech knows that the teacher is parditifg in the conversation, then this is an
incentive for the tech to respond more quicklyséhool district “Y”, Rose had a
problematic situation, where a tech was repeatiling to install needed system software
by the dates he said he would. Rose was able &notbie principal’s assistance in
persuading the tech to install the system softwaomer. At district Y, Rose reports that
other office support staff (such as the principabsistant) have also assisted her,
suggesting places to look for the techs, and reggapaging them for her.

Although Rose’s relationship with the techs is mearly so close as her relationship
with the teachers, they still regard her positivélgr instance, when the PACT center
finished a project with school X, and technical o for the project was transferred to the
company that distributed the software, school ¥ths asked the company if they would
pay Rose to provide them future support on thgeptoThough that could not be arranged,
the techs continued to ask Rose for technical supmothat project when she visited that
school to install software for later PACT centesjpcts. Rose’s positive relationship with
the techs at school X enabled Rose to obtain adtramor-level access to their computers, a
courtesy which makes installation considerablyerasind which technical liaisons in other
projects have reported is difficult to obtain.

5. Other Individuals Who Can Serve As A Liaison toleachers

Rose’s role as at a technical liaison at the schioas enabled her to be an effective liaison
to teachers as well. It is important to note, hosvethat individuals in other roles can also
help coordinate an ITS project’s relationship wite schools. Another role which provides
such an opportunity is a teacher-designer. One pbeaai this type of liaison was “Jerry”

a teacher-designer who served as a liaison to t#hehers a few years before Rose joined
our project, as our lab was deploying tutors fghhéchool mathematics. Jerry no longer
works with our project, but we were able to obiafiormation about his past role through
discussions with researchers who have been witpraject for many years.

Our tutors were deployed to many schools beyong’deand he had fairly little
informal contact with teachers at those schoolsisTherry did not have the proximity-
effect benefits that Rose is able to take advam&gdowever, one factor that undoubtedly
assisted Jerry in establishing relationships vatdthers was the high level of similarity he
had to the other teachers (cf [8]). As a teachmsklf, Jerry was able to “speak the other
teachers’ language”, understanding their educdtimme logistical concerns more easily
than other researchers in our project could. Sigjlderry knew how to explain things in a
way that other teachers would understand. Additipnahen the other teachers called
Jerry regarding a problem, his shared understamditigthe researchers enabled him to
quickly and effectively convey the problem to ttikey researchers. Finally, he served an
essential role in persuading teachers to partieipathe deployment and investigation of
prototypes of our tutors; because, like them, he aveeacher, he had credibility with the
teachers, and was seen as understanding the psot#dachers face. As one researcher in
our project said, “(Jerry) and | could say the ¢xane thing, and if he said it, they'd
listen.”

The fact that both Rose and Jerry were both abdenee as very effective liaisons
between our project and school personnel sugdeststiere are multiple ways for a liaison
between an ITS project and a school to enable eiteetive communication and
collaboration between these two groups.



6. Conclusions

Rose is effective at installing and maintaininglligent tutor software at schools in large
part because that is not all she does. She fufiteuch more important role: being a liaison
between the PACT center and the schools we worlts ter close relationship with
teachers allows her to learn about problems wehstiftware, to transfer vital information
between the two organizations, and to arrange hasives on the behalf of PACT lab
researchers. Her close relationship with teacHsesadlows her to sidestep the school
techs’ lack of interest in supporting software atistion, by having teachers and principals
take part in encouraging the techs to provide &ssis. Her close relationship with
teachers builds upon two factors: the proximity teehnical role at the schools affords, and
the benefit provided to teachers by her abilitpitovide rapid technical support and
workarounds for bugs in early versions of the tngpsoftware.

The deployment of intelligent tutors into schoealkds place in a rich environment,
where the efforts of many individuals must be camated. Many more relationships than
just the relationship between the student andutegihg software must be considered. Rose
uses her role installing and maintaining softwdrha schools to coordinate the efforts of
two organizations with fairly different structurasd goals — the PACT lab and the schools
— towards the same project: developing and depiplyigh-quality intelligent tutoring
systems into schools, to benefit the students veleathiem.

Overall, it seems clear that having a liaison betwéhe research laboratory and the
schools is quite valuable during the deploymentsphaf an intelligent tutor project. Rose and
Jerry have each been successful at filling thig.réh both cases, their success has been
facilitated by their natural advantages at commatimg with both the research group and
school personnel. Rose’s official role in technigedtallation and support gives her natural
proximity to both groups of people. Jerry was dedaive liaison between the PACT lab and
the schools because he had common ground withgrotips. Both of these individuals were
effective at developing close working relationshigth teachers. However it is accomplished,
large-scale educational technology projects wilhdfé from having at least one person on
their team who serves as a bridge between thegbrajel its partner schools.
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