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Aspects of the PD Supporting Teachers' Implementation 
Efforts 

Teachers identified the repository of resources and the task analysis 
framework as two tools that supported their implementation efforts. Due 
to the investigative nature of the teachers’ curricula, teachers primarily 
searched for VMs that encouraged student investigation and inquiry 
rather than drill and practice (relates to rules of the activity system). As 
the PD progressed and teachers became more versatile in using the 
repository of resources, they focused their open searches using the 
repository and the annotated list of VM collections that were the most 
relevant to their needs (e.g., based on curriculum focus and student 
needs). The repository of resources became overwhelming for some 
teachers, however, due to the number of different collections. Teachers in 
the PD were more productive in using the repository of resources when 
they had a particular learning goal in mind as opposed to, as one teacher 
said, “looking at what’s out there.” 

Teachers must be prepared to create high-quality engagement with VMs 
and tasks that present opportunities for students to develop 
understanding. Teachers stated that the task analysis framework helped 
them critique VMs and tasks as well as modify and develop instructional 
guides proactively rather than retroactively. The task analysis framework 
served as a tool to support teachers in critiquing, modifying, and 
developing VM tasks, whereby students were interacting with the VM and 
its characteristics to explore a mathematical idea through communicating, 
reflecting, and connecting mathematical representations. 

Only through judicious use of VM tasks are students supported in 
developing understanding of mathematical ideas (Moyer-Packenham & 
Bolyard, 2016). Therefore, teachers must be able to critique the 
instructional value of any technology tool (Suh, 2016). 

The task analysis framework addressed the call by Ladel and Kortenkamp 
(2016) “for an instrument that helps when analyzing and designing” (p. 
29) VMs and VM tasks. Furthermore, critiquing VMs and tasks helped 
teachers distinguish between mundane and powerful uses of technology 
(Wilson, 2008). 

Though not a tool identified by the teachers as supporting their integration 
efforts, online shareable documents that teachers responded to during the 
PD sessions supported their use of the tools by providing individualized 
support as teachers engaged in the expansive learning cycle (Engeström, 
1999). The three-part online documents provided teachers direct links to 
the annotated list of VM collections as well as the repository of resources. 
In this manner, the one document approach served as an organizational 
template that provided teachers with a lens to focus their search efforts 
(asking them to identify their learning goal in Part I), then select and 
investigate a VM or VM task (Part II), and then apply the task analysis 
framework to the VM task before and after modifications were made (Part 
III). Initially, the online document was individualized for each teacher 
based on their upcoming curriculum focus. For example, the online 
documents initially included links to specific VMs for teachers to 
investigate (Phase I of the PD), then suggested tasks (Phase II of the PD), 
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and finally, only links to the repository of resources and annotated list of 
VM collections for teachers in Phase III of the PD. Teachers in Phase III of 
the PD received the same generic online document. 

Though the online document platform was initially intended as a data 
collection tool and to direct teachers to specific VMs and tasks to explore 
(thus providing some individual support), teachers became accustomed to 
responding to the online documents and expected them for each PD 
session. As the PD progressed, some teachers began working on the online 
document before the PD sessions (e.g., when they had prep time earlier in 
the day). Through repeated use of the task analysis framework, teachers 
not only became more comfortable applying the framework but some 
teachers operationalized its application. That is, some teachers began 
applying the framework automatically or subconsciously while they were 
investigating a VM or VM task. This study did not examine whether 
teachers would have applied the framework to regularly critique and 
modify or develop VM tasks had they not been responding to the online 
documents. 

Acknowledging Mediating Components 

It is important to acknowledge the role that VMs and tasks themselves had 
in supporting teachers’ implementation of the VM tasks. Teachers quickly 
bought into using VMs because VMs allowed them to use their 
Chromebooks more frequently and effectively in their instruction, thus 
supporting the district initiative (coherence) related to technology use in 
the classrooms (part of the rule component of the activity system). Because 
many of the VMs that teachers selected had accompanying guided 
questions or instructional guides, teachers often modified existing 
resources rather than designed instructional guides from scratch. 
Choosing these VMs and tasks decreased the time teachers spent 
preparing the VM tasks compared to developing the accompanying 
instructional guide from scratch. Additionally, teachers were drawn to 
VMs due to the ease of use and the immediate benefits that they saw 
related to student engagement and understanding. Seeing improvement 
in student learning is often essential for teachers to continue (Guskey, 
2002) implementing VMs tasks. 

Investigating teachers’ actions (their processes for preparing to implement 
VM tasks) in conjunction with other mediating factors (district initiatives, 
tools, community, etc.) gave insight into teacher’s implementation efforts. 
For example, Josh and Mari (an eighth-grade teacher) attended the same 
number of after-school sessions, taught from the same curriculum series, 
and talked about using VM tasks not only to supplement their instruction 
but to differentiate their instruction as well. However, due to the influence 
of their teaching team members (community), Josh regularly 
implemented VM tasks whereas Mari may have implemented one VM task 
during the PD. 

Studies indicate positive benefits to growth in student achievement when 
teachers use VMs (e.g., Moyer-Packenham et al., 2008, 2014; Moyer-
Packenham & Westenkow, 2013), yet the frequency of VM use decreases 
in the middle and high school grades (Moyer-Packenham et al., 2013). 
Therefore, this study investigated the actions of and reported 



Contemporary Issues in Technology and Teacher Education, 21(3) 

694 
 

implementation efforts of secondary teachers who primarily did not know 
about or feel comfortable integrating VMs on their own prior to the PD 
opportunity. Yet, by the end of the PD, all 10 teachers reported 
implementing VMs regularly and felt comfortable doing so. 

As the wealth of VMs increases for secondary mathematics content, the 
focus of this study sought to better understand how secondary 
mathematics teachers can be supported to teach with VM tasks. After all, 
studies indicate that student achievement is related to the teacher’s 
experience using the VM (e.g., Moyer-Packenham et al., 2013). 

Implications 

Drawing from the findings, implications from this study exist for 
supporting teachers to implement VMs and technology tools, more 
generally. Aspects of this PD that supported teachers’ efforts to implement 
VM tasks should be considered for future PD opportunities. Important 
aspects of this PD included providing teachers with tools (e.g., the task 
analysis framework and repository of VMs) that supported their 
integration efforts, as well as time to use the technology tools that aligned 
with their curricular goals and collaborate with teaching peers who might 
support teachers more generally in teaching with (as opposed to near) 
technology tools. 

When supporting teachers’ use of VMs and tasks, teachers should use their 
learning goal to concentrate their search efforts rather than trying to 
match a learning goal to a VM or task that they may find. Until teachers 
become more knowledgeable about the wealth of resources for selecting 
tasks on their own, they should focus their attention on a limited number 
of tasks (e.g., two or three) or specific collections. 

This gradual progression of teachers taking on more responsibility for 
finding the VMs and tasks supports the expansive learning cycle 
(Engeström, 1999). When supporting teachers in applying tools 
introduced in a PD, consideration must be given to the ways teachers 
receive individual support and encouragement to use the tool during the 
PD (e.g., the online document). Future research is needed to further 
explore why the teachers found the task analysis framework beneficial in 
supporting their efforts to implement VM tasks. For example, one line of 
future research may investigate features of the task analysis framework 
that supported teachers’ actions. 

When considering why teachers choose to implement a particular 
technology tool, consideration must be given to the features of the tool 
itself and existing resources that may ease teachers in adding the 
technology tool to their instructional repertoire (e.g., instructional guides, 
task analysis framework, etc.). Additionally, when investigating aspects of 
a PD that support teachers’ use of a new technology tool and the ways the 
PD supports their implementation efforts, factors outside the PD (e.g., 
community, including teachers’ students and teaching team members) 
must be considered that mediate teachers’ instructional practices and 
technology use. 
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Conclusion 

Most studies related to teachers’ use of VMs focused primarily on 
elementary teachers, with few studies focusing on middle and high school 
teachers (Moyer-Packenham & Westenkow, 2013). As VMs and tasks 
related to secondary mathematics content grows, a study was needed to 
investigate aspects of a PD opportunity that supported secondary 
mathematics teachers’ implementation of VM tasks. Rather than one 
specific aspect of the PD supporting teachers’ implementation efforts, 
teachers’ implementation efforts were mediated by various components of 
their activity system. Middle and high school mathematics teachers 
implemented VMs and tasks in their classrooms (and felt comfortable 
doing so) due to tools introduced during the PD (i.e., the task analysis 
framework and repository of resources). Additionally, having time to 
interact with VMs and collaborate with their peers to select and prepare 
VMs tasks for their students further supported their implementation 
efforts. 

Future studies need to explore whether additional aspects of PD 
opportunities support and prepare middle and high school mathematics 
teachers to teach with VM tasks. These studies may identify additional 
tools or support resources needed for preparing teachers to effectively 
integrate technology to support students’ mathematical learning 
opportunities. 

Supporting teachers to teach with technology goes beyond providing 
access to technology tools. Rather, it includes providing opportunities for 
teachers to interact with and try out the technology tools integrated within 
their current curriculum. The findings indicate that when teachers are 
supported in learning about VMs and ways VMs can be used to promote 
students’ development of understanding (i.e., teaching with technology), 
teachers began implementing VM tasks and reported feeling comfortable 
doing so. 

Although the findings and outcomes of this study are activity specific (i.e., 
specific to this PD), the findings inform future efforts aimed at promoting 
teachers’ use of technology-based instructional tasks, whereby teachers 
teach with as opposed to near technology. During the PD, teachers focused 
on using VMs due to their potential for promoting understanding, as 
opposed to being only a fun thing to try because the VMs were cool or 
because they had to due to external pressures. The tools introduced in the 
PD, the structure of the three-phase PD model, and many of the 
suggestions related to supporting teachers’ efforts to teach with 
technology-based tasks would be helpful in promoting preservice teachers’ 
efforts to teach with as opposed to near technology.  
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Appendix A 
Task Analysis Framework Given to Teachers 

Task Analysis Framework 

This framework is intended to help teachers better critique and develop tasks aimed at promoting students’ development of conceptual understanding of 
mathematics through reflection and communication (Hiebert et al., 1997), as well as through using and connecting mathematical representations (NCTM, 
2014). Descriptions below are not necessarily in a hierarchical ordering nor are they mutually exclusive. 

Portions of the table below are adapted from Trocki (2014) and Sinclair (2003). 

Affordances  Descriptions 

N/A  Task is primarily a technology task with no focus on mathematics. 

N/A  Virtual manipulative does not have mathematical fidelity required to respond to the prompts. 

A  Task prompts students to recall a mathematical fact, rule, formula, or definition. 

B  Task prompts students to report information from the virtual manipulative or consider mathematical concepts, processes, or relationships in the 
current display. The student is not expected to provide an explanation. 

C  Task provides opportunities for students to explain the mathematical concepts, processes, or relationships in the current display. 

D  Task provides opportunities for students to make predictions and then test their predictions using the virtual manipulative. 

E  Task provides opportunities for students to connect multiple representations of a mathematical concept (e.g., graphical, algebraic, and tabular 
representations of a relation). 

F  Task provides opportunities to check students’ understanding of mathematical concepts, processes, or relationships. Task may provide minimal 
feedback to the student based on specific errors.  

G  Task provides opportunities for students to go beyond the current display by considering multiple examples to generalize mathematical concepts, 
processes, or relationships. 

H  Task supports students’ exploration through manipulation of the display that may surprise one exploring the relationships represented or cause 
one to refine thinking based on themes within the surprise (e.g., addressing a common student misconception). 
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understanding. Heinemann. 
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Appendix B 
Contents of Example Shareable Online Document 

PD Day 7: Modifying a VM Task 

Please respond to the prompts below. The prompts are intended to help 
you modify the VM tasks with your students in mind. 

Choose one of the tasks listed in the VM Tasks folder. Or, if you have a 
topic in mind that is not listed, you may use the links on the VM 
Resources page to find a new task. 

Which task did you choose to modify? _______________________ 

Complete the student exploration handoutfor your task. Available 
instructional guides are located in the various folders. If you download a 
new one, please share it with me. If no handout exists, spend some time 
exploring the VM and then respond to the questions below. 

1. What is an essential question you would use this task to explore?

2. Where do you think your students might struggle in this task?

3. How might your students benefit from engaging in this
exploration?

4. Thinking about the essential question, what is one modification
you would make so that the exploration better fits the needs of
your students? Why might this modification help your students
engage in the essential question?

Now, use the framework that we have been talking about (i.e., the Task 
Analysis Framework_v3) to help you think about how to 
modify/develop the task. 

1. Which prompts of the framework apply to the activity you chose?
What from the activity supports your claim(s)?

Now, use the framework to help you modify the task to better fit the needs 
of your students. Please email or share with me the document that you 
create. You may want to shorten the task or modify some of the prompts 
to better align with your learning goals and the needs of your students. Or, 
maybe you will need to create an instructional guide. 

After modifying the task, which prompts of the framework apply to the 
task you chose? What from the activity supports your claim(s)? 
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Appendix C 
Instructional Guide Developed by Calculus Teachers During PD Day 2 

AP Calculus Graphing Derivatives and Functions Name____________________________ 

You have two websites shared with you on Padlet. 

http://www.flashandmath.com/mathlets/calc/derdraw/DerivativeDraw.html 

I would like you to thoroughly explore both sites.  Practice graphing a derivative given a function and practice 
graphing a function given a derivative. 

Using the first site what was the highest score you received? ________________ 

Which types of functions were the most difficult to sketch?  ________________ 

If you were to teach a classmate how to sketch a graph of a derivative given the graph of a function what would 
be the three most important things to remember? 
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http://www.ltcconline.net/greenl/java/Other/IntegralGraph/SketchFfromFPrime. 

As you navigate the second website sketch your guess here, then try it on the chromebook, be sure to record 
your score, keep trying until you get a score of 90 or better.  

Prediction         Actual     1st Score ___________ 

2nd Score________ 

  1st Score_________ 
         2nd Score ________ 

  1st Score _________ 
  2nd Score_________ 
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 1st Score ___________ 
          2nd Score___________ 

  1st Score____________ 
2nd Score___________ 

   1st Score___________ 
   2nd Score__________ 

1st Score ____________ 
    2nd Score____________ 704 



 1st Score ____________ 
2nd Score____________ 

 1st Score _____________ 
            2nd Score ____________ 

 1st Score ______________ 
         2nd Score ______________ 
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 1st Score ____________ 
          2nd Score ___________ 

  1st Score ______________ 
       2nd Score _____________ 

 1st Score ____________ 
             2nd Score ___________ 
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 1st score ______________ 
     2nd Score _____________ 

 1st score ___________ 
    2nd score __________ 

  1st score _______________ 
        2nd score _______________ 

Which types of functions were the most difficult to sketch? ________________ 

If you were to teach a classmate how to sketch a graph of a derivative given the graph of a function what would 
be the three most important things to remember? 
________________________________________________________________________________________
________________________________________________________________________________________
__________________________________________________________ 
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