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Introduction 

The small group formative evaluation of the module “Chi-square goodness of fit test” was conducted with 8 learners on 22 and 23 November 2000. The purpose of small group evaluation is to determine the effectiveness of the changes made following the one-to-one evaluation and to identify any remaining problems, as well as to determine whether the learner can use the module independently. 
Learner characteristics 

I. Target audience

Learners in the target audience are graduate students enrolled in EDF 5400 “Basic descriptive and inferential statistics” offered in the College of Education at FSU. The phase of learner analysis has yielded the following characteristics of the target audience: 

1. A rough half of them are graduate students in the College of Education, and the other half are out of COE (e.g. business, music education, information studies, food nutrition and communication) and sometimes there is a very small portion of special students. 

2. The age of the learners ranges greatly from “20-30” to “over 40”.

3. About one fifth of the target learners are non-native speakers of English.

4. Most of the target learners are in PhD programs or are going to enter a PhD program. 

5. They can perform the entry behaviors that are identified in the phase of instructional analysis.

6. They feel chi-square analysis is useful and related.

7. They have limited prior knowledge about chi-square analysis.

II. Participants in small group formative evaluation


Table 1. Learner characteristics in small group formative evaluation.

	Learner 
	Gender 
	Age range
	Previous degree
	Current graduate program at FSU
	Native speaker of English
	Basic math skills

	Learner 1
	F
	Over 40
	MA, Information Studies
	Information Studies
	Yes 
	Yes 

	Learner 2
	F
	Over 40
	MA, Information Studies
	Higher Ed
	Yes 
	Yes 

	Learner 3
	F
	30-40
	BS, Communication
	Career Counseling
	Yes 
	Yes 

	Learner 4
	F
	20-30
	MA, applied linguistics
	Learning and Cognition
	No
	Yes 

	Learner 5
	F
	20-30
	MA, Music Ed/therapy
	Music Ed/Therapy
	Yes 
	Yes 

	Learner 6
	F
	30-40
	
	Multilingual/Multicultural Ed
	No
	Yes 

	Learner 7
	F
	20-30
	BA, English 
	Learning and Cognition
	No
	Yes 

	Learner 8
	F
	30-40
	BA, Medicine
	Food, Nutrition and Exercise Sciences
	No
	Yes 


Table 1 summarizes the information of learner characteristics in small group formative evaluation. Eight learners voluntarily participated in the small group formative evaluation phase. They represented of the target population in the following aspects:

1. Learner 2, 3, 4, 6 and 7 are from College of Education and the rest are out of COE. Their current majors cover learning and cognition, information studies, higher education, music and nutrition, which is similar to the major distribution in the target audience.

2. Age range is wide. 

3. Leaner 4, 6, 7 and 8 were selected to represent the non-native speakers of English in the target audience.

4. All the participants could perform the entry behaviors (basic math skills) before taking the module.

5. They all felt chi-square analysis would be useful to their future study and/or research. 

III. Possible limitations of the selection of learners

An interesting point worth mentioning here is that all my eight learners happened to be female because the participation was voluntary. This may bias the attitude survey result a little bit since they might tend to be kind to me, the designer, who is also female, for fear to hurt my feelings, although I asked them to share their real opinions and comments in the questionnaire. But I don’t think this will greatly influence the validity and reliability of the data collected, because most of the learners were unacquainted with me before participating in the evaluation. 

And also because participation is voluntary, self-selection might be a potential threat to the validity of the data collected during the small group evaluation, i.e. more motivated learners “selected” themselves to participate in the evaluation of the module because they wanted to learn more, thus making the participants less representative of the whole target population to some extent. And I think this could be a common problem that instructional designers face in real world when participation in formative evaluation is voluntary. 

Procedure 

The small formative evaluations consisted of four sessions. Each session had one to three participants. This was not consistent with the procedure of conducting small group formative evaluation in our text book. This was because the evaluation was scheduled near the Thanksgiving holiday and the end of the semester and it was impractical to put all the learners in one session.

But in my case, I don’t think conducting small group formative evaluation in smaller groups or with individual learner will impair the validity of the data collected in this phase, because the module itself is a self-learning lesson for individual learner and does not require any group work. 
Information about the places and times of each session is shown in the following table (table 2).

Table 2. Sessions of small group formative evaluation.

	Session 
	Participant 
	Place 
	Time 

	Session 1
	Learner 1, 2, and 3
	Room 310 in the Stone Building
	1:002:15 PM Nov 22, 2004

	Session 2
	Learner 4 and 5
	Student Lounge in the Stone Building
	3:30-4: 35 PM Nov 22, 2004 

	Session 3
	Learner 6 and 7
	Room 310 in the Stone Building
	1:00-2:00 PM Nov 23, 2004

	Session 4
	Learner 8
	The learner’s home
	8:45-9:55 PM Nov 23, 2004


The procedure followed for each session was identical and is described in the following part: 

1. I greeted the learners.

2. I gave an introduction of the purpose and procedure of the activity: I informed the learners that the purpose of this activity was to test the effectiveness of my instructional module and obtain specific information for future improvement; they would take a pretest, go through the module, take a posttest and then fill out an attitude questionnaire. I also informed them that they should complete each part independently unless there was something so unclear that they could not proceed without my explanation. 

3. I let the learner fill out the Formative Evaluation form (see Appendix 1) and asked the learners about their prior knowledge of chi-square analysis and how relevant they felt the knowledge was to their study and research and took notes during the conversation. 

4. I let the learners take the pretest, and reminded them not to spend too much time on it because it was only a measure of how much they already knew about the content. I recorded the start and end times and any reactions from the learners. 

5. I let the learners go through the module and asked them to show all the work in the module. I also recorded the start and end times and any reactions from the learners.

6. I asked the learner to take the posttest and tried to relieve the anxiety of “taking a test” by stating that it was just a measure of “how effective the module is”. I recorded the start and end times and any reactions from the learners. 

7. I held a short discussion when time permitted, during which I asked the learners to share what they liked and disliked about the module and the two tests; how I should correct imperfections and improve the parts that were ineffective. I also asked their opinions and feelings about some of the important changes made following one-to-one evaluation.

8. I asked the learners to fill out the attitude questionnaires. 

9. I thanked the learners for their participation. 

Data collected

Two types of data were collected during this phase: performance data and attitude data. Performance data includes pretest result, learning time and posttest result. By comparing the posttest result (current knowledge) with the pretest result (prior knowledge), we can find out the increase in the learner’s knowledge of the subject matter and measure the effectiveness of the instructional module.
I. Performance data

Pretest data

The pretest is a measure of how much the learner already knows about the content of the module, rather than a measure of entry behaviors, for the reason that the module is going to be used in a self-regulated way and this pretest can help learners decide whether they need to take the module or not, and that entry behaviors identified in the phase of instructional analysis were really minor skills for the target audience. 

Table 3 (on the next page) summarizes the pretest result, which indicated that the eight learners had very limited knowledge of chi-square goodness of fit test. 


[image: image1.emf]Table 3. Small group formative evaluation pretest result.   OBJ  Obj 1.0  Obj 2.0  Obj 4.1  Obj 5.0  Obj 6.0  Correct items  for each learner  Pretest time   Question#  1  2  3  4  5  6  #  Score (%)  minutes   L1  1  0  0  0  0  0  1  17  10   L2  1  1  0  0  0  0  2  33  7   L3  0  1  0  0  0  0  1  17  5   L4  1  0  0  0  0  0  1  17  8   L5  1  1  0  1  0  0  3  50  6   L6  0  1  0  0  0  0  1  17  5   L7  1  1  0  0  0  0  2  33  10   L8  1  1  0  1  0  0  3  50  5   # Learner correct  6  6  0  2  0  0   % Learner correct  75  75  0  25  0  0    Average pretest performance  1.75  29    Average pretest time    7 min.   Note: all decimals are rounded to the nearest hundredth.   Key for table  3 :  OBJ=Objective; Question #= - corresponding item # in the p re test;   1=performed correctly; 0= performed incorrectly.  



The first two rows of the table show the objectives and the corresponding test items in the pretest (more detailed information in Appendix 2). 

The “score (%)” column under the label of “correct items for each learner” indicates each learner’s overall performance on the pretest. The values in this column were obtained by dividing the number of questions a learner correctly answered by the total number of questions in the test. 

It is obvious that none of the learners scored higher than 50 points, which indicates that the learners had little knowledge of the content to be taught. However, six out of eight learners correctly answered question 1 and 2. Based on this, it seems that probably I have worded the two questions too easy. 

Posttest data

Posttest is a test of how well the learner can perform after learning the content in the module. Posttest result is a very important indicator of the effectiveness of the module in the phase of small group evaluation. Table 4 (on the next page) summarizes the posttest result for each learner.  
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The first two rows of the table show the objectives and the corresponding test items in the posttest (more detailed information in Appendix 2). 

The ”Score (%)” column under the label of “correct items for each learner” indicates each learner’s overall performance on the posttest. The values in this column were obtained by dividing the number of questions a learner correctly answered by the total number of questions in the test. Three learners got 100 (full score); two learners got 92; two learners got 77 and the learner who scored lowest got 62. The average posttest score is 88. 

“% of learner correct” was obtained by dividing the number of learners who correctly answered a question (the values in the row of “# learner correct”) by the total number of participants in the small group evaluation (8). It can be used as an indicator of the effectiveness of the instruction of the corresponding objective; it can also be used to judge whether a test item needs revision. For question 1.3, only 50% of all the learners got the correct answer; and for questions 2.6 and 3, only 75% of all the learners got the correct answer. Therefore, these three items might be problematic. Since only 87.5% of the learners did question 1.6 correctly and 75% did 2.6 correctly, another possibility is that the instruction of objective 6.0 is ineffective, which leads to poor performance on test items 1.6, 2.6 and 3. 

Finally, table 5 compares the learner’s pretest and posttest scores with the amount of they spent on the instruction and the posttest. 

Table 5. Learner pretest, posttest, learning time and posttest time comparison.

	
	
	
	Inst. time 
	Posttest time

	Learner
	pretest score
	posttest score
	minutes
	minutes

	L1
	17
	62
	31
	9

	L2
	33
	77
	27
	13

	L3
	17
	100
	22
	14

	L4
	17
	100
	25
	17

	L5
	50
	100
	25
	17

	L6
	17
	92
	35
	10

	L7
	33
	77
	12
	18

	L8
	50
	92
	36
	9

	Average
	29
	88
	26.63
	13.38


Note: all decimals are rounded to the nearest hundredth.

Table 5 shows that learner 7 only spent 12 minutes on the module, which is much less than the average learning time for all learners. Probably this partially accounts for the low score that she got on the posttest. But I don’t think the data of learner 7 should be neglected because she represented the portion of learners whose motivation is lower than that of the rest learners in the target population. Table 5 also shows that for all the learners, in spite of their posttest scores, there are notable increases between pretest and posttest scores. The increase ranges from 42 to 83 points; and there is no significant correlation between this increase and the time spent on the module or on the posttest. 

II. Attitude data

The purpose of the attitude questionnaire is to obtain the data about learners’ attitude towards the module. The questionnaire consists of ten scaled questions and 4 open-ended questions. The ten scaled questions used the following rating scale: 

Not at all





Very

1
 
2 

3 

4 

 5

The attitude survey results are shown in table 6. The bold numbers in parentheses represent how many learners chose a particular response to a specific question. 

Table 6. Small group formative evaluation attitude survey data.

	Question
	Scale* 

 Not
at all                         Very                                       

	1. How interesting was this lesson?
	1       2      3       4       5

                       (3)      (5)

	2. To what degree is the skill taught in this lesson useful to you?
	1       2      3       4       5

                       (1)      (7)

	3. How confident are you that you can perform this skill on your own?
	1       2      3       4       5

               (1)     (3)      (4)

	4. How clear were the objectives of this lesson?
	1       2      3       4       5

                       (1)      (7)

	5. How clear were the explanations?
	1       2      3       4       5

                       (2)      (6)

	6. How clear were the examples?
	1       2      3       4       5

               (1)              (7)

	7. How well did the practice problems prepare you for the test?
	1       2      3       4       5

               (1)     (1)      (6)

	8. How useful was the feedback on the practice problems?
	1       2      3       4       5

                       (2)      (6)

	9. To what degree was the format (color, typeface, spacing, and other physical features) of the lesson attractive?
	1       2      3       4       5

               (1)     (4)      (3)

	10. How satisfied were you with the overall lesson?
	1       2      3       4       5

                               (8)


Questions 1, 2, 3 and 10 respectively relate to the four components of learner’s motivation-attention, relevance, confidence and satisfaction. The comparison of average scores in one-to-one phase and small group phase and related analysis for each of the above questions are presented in table 7.

Table 7. Attitude survey data-Analysis of learner motivation 

	Question #
	Average score in 1-to-1
	Average score in small group
	Analysis 

	1
	4.7 
	4.63
	The learners were interested in the lesson.

	2
	4.7
	4.25
	The content is relevant to the learners.

	3
	5
	4.38
	The learners are fairly confident.

	10
	4.7
	5
	The learners are very satisfactory with the learning experience.


Note: all decimals are rounded to the nearest hundredth. 

The average score is calculated by the following formula,

Average score= Σ(each rating in the questionnaire× the number of learners choosing each score)/8

Table 8. Attitude survey data-Analysis of the quality of the module.

	Question #
	Average score in 1-to-1
	Average score in small group
	Analysis

	4
	4.3
	4.88
	The objectives are very clear in the module. 

	5
	4
	4.75
	The explanations were clear, and the changes made following one-to-one evaluation are effective. 

	6
	4.3
	4.75
	The examples are clear and the changes made following one-to-one evaluation are effective. 

	7
	4.7
	4.63
	The practice problems prepared the learners for the posttest. 

	8
	4
	4.75
	The feedback on the practice problem is very useful and the changes made following one-to-one evaluation are effective. 

	9
	4.7
	4.25
	The format of the module is fair. 


Note: all decimals are rounded to the nearest hundredth. 

The average score is calculated by the following formula,

Average score= Σ(each rating in the questionnaire× the number of learners choosing each score)/8

Questions 4 to 9 relate to the quality of the instructional module. The comparison of average scores in one-to-one phase and small group phase and related analysis for each of the above questions are presented in table 8 (on the previous page). 

Table 7 and 8 indicate that there are obvious increases in the average scores for questions 4, 5, 6, 8 and 10. Therefore we can conclude that most of the changes following one-to-one evaluation are effective. 

The following are some comments from the learners’ answers to the open-ended questions in the attitude questionnaire: 

1. What did you like about the lesson? 

· Broken complex task into simpler steps

· The table for calculating chi-square value

· Positive feedback after completing each practice problem, very encouraging

· A lot of repetition; chaining; adequate practice

· Clear explanations and examples

· Use of diagrams, pictures and tables

2. What did you dislike about the lesson?

· Don’t understand the “explain why” part

· Long sentences in the scenario

· Flipping between pages to answer practice problems

· Too much explanation

· The first practice question is not clear 

3. How should the lesson be changed so as to make it better? 

· More explanation fro why to accept or reject a hypothesis

· Simpler examples with easy calculation

· Add more pictures 

· More explanation on the critical value
4.  Any other comments or suggestions?

· The format can lessen learning anxiety.

Proposed revision 

Based on the aforementioned data and analysis, the following revisions are proposed (Table 9). 

Table 9. Revisions based on small group formative evaluation 

	No
	Location
	Description of change
	Reason for change 

	1
	Pretest
	Insert page numbers
	To make it easier for learners to go back and check. 

	2
	Pretest and posttest
	Use a separate answer sheet.
	The learners found it cumbersome to flipping between pages.

	3
	Module-
introduction 
	Inform the learner that the time expectation for this unit of instruction will be 30 minutes. 
	To make learners aware how much time they should spent on the module. The average time learners spent in small group evaluation is 26.63 minutes.

	4
	Module-
step 5&6
	Add a graph of chi-square distribution in reference frame such as the following one.
[image: image3.png]iy v=1
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Then use the graph to explain critical value and the rule of rejecting or accepting a hypothesis based on chi-square goodness of fit test. 
	1. Some learners didn’t clearly understand the concept of critical value and the rule. Using imagery might be a good way to present this content

2. Posttest data showed that learners did poorly on the questions related to step 6. Therefore changes are needed to improve the instruction of step 6.

	5
	Module-
practice problem (page 3)
	Reword the scenario to make it clearer. 
	Some learners thought the scenarios in the practice were vague, especially non-native English speakers.

	6
	Module-
practice problem (page 17)
	Reword the first paragraph in the scenario
	Same as above.

	7
	Module- feedback


	(Page 4) Correct answer for question 1: the categorical variable is “footwear preference” or “type of shoes”. 

(Page 19) correct answer for question 1 could be “color”, “color of offsprings” or “color of squashes”.
	Feedback for this kind of questions should be more flexible, since different learners may phrase the answer in different ways. But as long as the answer contains the key word, it should be considered as correct.

	8
	Module-
all practice problems
	Put all information/sub questions of a practice problem on the same page or use separate answer sheet for all the problems.
	The learners found it cumbersome to flipping between pages.

	
	
	Change the data in some practice problems to make the calculation easier.
	Suggestion form learners in the attitude survey. And I think it’s reasonable because the purpose of the module is teaching the whole idea and steps of chi-square test; too much calculation will bore the learner. 

	9
	Module-
format
	Use some color to highlight concepts, rules and other important points.
	A few learners felt a black and white module is a little dull.

	10
	Posttest-
question 1.3 and 2.3
	Highlight “round the result to the nearest hundredth” in the direction.
	50% of the learned failed to get the correct answer to question 1.3 because they did not round the result correctly. 


Appendix 1 


[image: image4.emf]Formative evaluation     Date:              Interviewee:   Name_______________________ Email____________________________                P hone number_____________________     1.   Introduction    2.   P urpose of interview   3.   G eneral learner characteristics   Age range:  under  20_____   20 - 30___ ___      30 - 40______      over 40_____   G ender:  Female _____     Male_____   Country you are from_________________________   Is English your native language?  Yes_____     No ______   Educational background ___________________________________________________   Graduate progr am you are in at FSU  __________________________________________     4.   Pretest   start time: ______     End time:  ______   5.   Work through module   start time: ______     End time:  ______   6.   Posttest   start time: ______     End time:  ______   7.   Attitude survey   8.   Any additional comments or  questions?     ______________________________________________________________________   9.   Thank you for your participation.     


Appendix 2 Performance objectives and corresponding test items

	Objective No.
	Performance Objective
	Corresponding Pretest Item
	Corresponding Posttest Item

	1.0
	Given a hypothesis concerning a certain population in terms of a categorical variable, identify the categorical variable. 
	1
	1.1

2.1

	2.0
	Given a hypothesis concerning a certain population and the size of a random sample drawn from the population, correctly determine the values of expected frequencies when the hypothesis is true.
	2
	1.2

2.1

	3.0
	Given a hypothesis concerning a certain population and a random sample drawn from the population, identify the values of observed frequencies.
	No test items necessary.
	No test items necessary.

	4.0
	Given the values of expected frequencies and observed frequencies, correctly calculate the value of chi-square statistic
	3
	1.3

2.3

	5.0
	Given a hypothesis concerning a certain population, obtain the critical value in a chi-square distribution reference table based on the number of degrees of freedom and significance level.
	4

5
	1.4

1.5

2.4

2.5

	6.0
	Given a hypothesis concerning a certain population, the calculated chi-square statistic associated with a sample drawn from the population, and the critical value for the degrees of freedom at a certain significance level, draw a conclusion whether the hypothesis should be rejected or not and write down the conclusion and reasoning.
	6
	1.6

2.6

	Terminal objective
	Given a hypothesis concerning a certain population and a random sample drawn from the population, calculate the value of the chi-square statistic, and draw a conclusion whether the hypothesis should be rejected or not at a certain significance level, by comparing the calculated chi-square value with the critical value found in a chi-square distribution table.
	No test item necessary.
	3
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Table 3. Small group formative evaluation pretest result.

		OBJ

		Obj 1.0

		Obj 2.0

		Obj 4.1

		Obj 5.0

		Obj 6.0

		Correct items for each learner

		Pretest time



		Question#

		1

		2

		3

		4

		5

		6

		#

		Score (%)

		minutes



		L1

		1

		0

		0

		0

		0

		0

		1

		17

		10



		L2

		1

		1

		0

		0

		0

		0

		2

		33

		7



		L3

		0

		1

		0

		0

		0

		0

		1

		17

		5



		L4

		1

		0

		0

		0

		0

		0

		1

		17

		8



		L5

		1

		1

		0

		1

		0

		0

		3

		50

		6



		L6

		0

		1

		0

		0

		0

		0

		1

		17

		5



		L7

		1

		1

		0

		0

		0

		0

		2

		33

		10



		L8

		1

		1

		0

		1

		0

		0

		3

		50

		5



		# Learner correct

		6

		6

		0

		2

		0

		0

		



		% Learner correct

		75

		75

		0

		25

		0

		0

		



		Average pretest performance

		1.75

		29

		



		Average pretest time

		

		

		7 min.





Note: all decimals are rounded to the nearest hundredth.


Key for table 3: OBJ=Objective; Question #=-corresponding item # in the pretest;


1=performed correctly; 0= performed incorrectly.


_1192608286.doc
Table 4. Small group formative evaluation posttest result.

		OBJ

		Obj 1.0

		Obj 2.0

		Obj 4.0

		Obj 5.0

		Obj 6.0

		0.0

		Correct items

For each learner



		Question#

		1.1

		2.1

		1.2

		2.2

		1.3

		2.3

		1.4

		2.4

		1.5

		2.5

		1.6

		2.6

		3

		count

		Score (%)



		L1

		1

		1

		0

		1

		0

		1

		1

		1

		1

		0

		1

		0

		0

		8

		62



		L2

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		0

		0

		0

		10

		77



		L3

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		13

		100



		L4

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		13

		100



		L5

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		13

		100



		L6

		1

		1

		1

		1

		0

		1

		1

		1

		1

		1

		1

		1

		1

		12

		92



		L7

		0

		0

		1

		1

		0

		1

		1

		1

		1

		1

		1

		1

		1

		10

		77



		L8

		1

		1

		1

		1

		0

		1

		1

		1

		1

		1

		1

		1

		1

		12

		92



		# Learner correct

		7

		7

		7

		8

		4

		8

		8

		8

		8

		7

		7

		6

		6

		

		



		% Learner correct

		88

		88

		88

		100

		50

		100

		100

		100

		100

		88

		88

		75

		75

		

		



		Average posttest performance

		11.38

		88





Note: all decimasl are rounded to the nearest hundredth.


Key for table 4: OBJ=Objective; Question#=corresponding item # in the pretest;


1=performed correctly; 0= performed incorrectly.
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Formative evaluation



Date: 






Interviewee:  Name_______________________ Email____________________________



          Phone number_____________________


1. Introduction 


2. Purpose of interview


3. General learner characteristics


Age range: under 20_____
20-30______ 

30-40______ 

over 40_____
Gender:  Female _____

Male_____


Country you are from_________________________
Is English your native language?  Yes_____  
No ______
Educational background ___________________________________________________
Graduate program you are in at FSU __________________________________________


4. Pretest
start time: ______ 
End time: ______


5. Work through module


start time: ______ 
End time: ______


6. Posttest
start time: ______ 
End time: ______


7. Attitude survey


8. Any additional comments or questions?
 ​​​​​​​​​​​​​______________________________________________________________________


9. Thank you for your participation. 



